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AN IMPORTANT NOTE

The publisher and authors have made every effort to assure
that the computer programs are accurate and complete. How-
ever, this publication is prepared for general readership, and
neither the publisher nor the authors have any knowledge about
or ability to control any third party’s use of the programs and
programming information. There is no warranty or representa-
tion by either the publisher or the authors that the programs or
programming information in this book will enable the reader or
user to achieve any particular result.




Preface

You have bought yourself a Commodore 64 Computer (or
maybe you just have access to one at school or work). You will
soon find that the most frequent question you are asked goes
something like this: “Oh, you got a computer, eh? Uh...what
are you going to do with it?”

Your answer, of course, depends on your own particular
situation. Maybe you got it for mathematical work, or for your
business, or for home usage, or to enable you to learn more
about computers. Maybe you got it for a teaching/learning tool
or for playing games.

Even if you got the computer specifically for only one of these
reasons, you should not neglect the others. The computer is such
a powerful tool that it can be used in many different ways. If it is
not being used for its “intended” function right now, why not
make use of it in some other way?

The Commodore 64 is so small and portable that you can, say,
take it home from work over the weekend and let the kids play
educational games. They will have fun and learn a lot. After
they go to bed, you can use it to help plan your personal
finances. Or, you can let your guests at a party try to outsmart
the computer (or each other) at some fascinating games. The
possibilities go on and on.

All these things can be done with the Commodore 64, but it
cannot do any of them without the key ingredient —a computer
program. People with little or no exposure to computers may be
in for a surprise when they learn this. A computer without a pro-
gram is like a car without a driver. It just sits there.
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So you ask, “Where can I get some programs to do the things I
want my computer to do?” Glad you asked. There are several
alternatives.

1. Hire a computer programmer. If you have a big budget, this
is the way to go. Good programmers are expensive and hard
to find (and you will not know for sure if they’re really good
until after the job is finished). Writing a couple of programs
that are moderately complex will probably cost you more
than you paid for the computer itself.

2. Learn to program yourself. This is a nice alternative, but it
takes time. There are lots of programming books avail-
able —some are good, some are not so good. You can take
courses at local colleges. If you can afford the time and you
have a fair amount of common sense and inner drive, this is
a good solution.

3. Buy the programs you want. This is cheaper than hiring
your own programmer because all the buyers share the cost
of writing the programs. You still will not find it very cheap,
especially if you want to accumulate several dozen pro-
grams. Each program might cost anywhere from a few
dollars to several hundred dollars. The main problem is that
you cannot be sure how good the programs are, and, since
they are generalized for all possible buyers, you may not be
able to easily modify them to do exactly what you want.
Also, they have to be written in a computer language that
your computer understands. Even if you find a program
written in the BASIC language, you will soon learn that
Commodore BASIC is not the same as other versions.
Variations between versions of the same language typically
result in the program not working.

This book gives you the chance to take the third alternative at
the lowest possible cost. If you divide the cost of the book by the
number of programs in it (use your computer if you like), you
will find that the cost per program is amazingly low. Even if
there are only a few programs in the book that will be useful to
you, the cost is pretty hard to beat.

Just as important is the fact that these programs are written
specifically for your Commodore 64. If you type them in exactly
as shown, they will work! No changes are needed. In addition,
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we show you exactly what to change in order to make some sim-
ple modifications that may suit your taste or needs. Plus, if you
have learned a little about BASIC, you can go even further and
follow the suggestions about more extensive changes that can be
made. This approach was used to try to make every program
useful to you, whether you are a total beginner or an old hand
with computers.

But enough of the sales pitch. Our main point is that we feel a
computer is an incredibly flexible machine, and it is a shame to
put it to only one or two limited uses and let it sit idle the rest of
the time. We are giving you a pretty wide range of things to do
with your computer, and we are really only scratching the
surface.

So open your eyes and your mind! Play a mental game against
the computer (WARI, JOT). Evaluate your next financial deci-
sion (LOAN, DECIDE). Expand your vocabulary or improve
your reading speed (VOCAB, TACHIST). Solve mathematical
equations (DIFFEQN, SIMEQN).

But please, don’t leave your computer asleep in the corner too
much. Give it some exercise.
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How to Use This Book

Each chapter of this book presents a computer program that

runs on a Commodore 64 Computer. Each chapter is made up of
eight sections that serve the following functions:

1.

2.

Purpose: Explains what the program does and why you

might want to use it.

How To Use It: Gives the details of what happens when you

run the program. Explains your options and the meanings of

any responses you might give. Provides details of any limita-
tions of the program or errors that might occur.

. Sample Run: Shows you what you will see on the screen
when you run the program.

. Program Listing: Provides a “listing” (or “print-out”) of the
BASIC program. These are the instructions to the computer
that you must provide so it will know what to do. You must
type them in extremely carefully for correct resuits.

. Easy Changes: Shows you some very simple changes you can
make to the program to cause it to work differently, if you
wish. You do not have to understand how to program to
make these changes.

. Main Routines: Explains the general logic of the program,
in case you want to figure out how it works. Gives the
BASIC line numbers and a brief explanation of what each
major portion of the program accomplishes.

. Main Variables: Explains what each of the key variables in

the program is used for, in case you want to figure out how

it works.
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8.

Suggested Projects: Provides a few ideas for major changes
you might want to make to the program. To try any of
these, you will need to understand BASIC and use the infor-
mation provided in the previous two sections (Main
Routines and Main Variables).

To use any of these programs on your Commodore 64, you
need only use the first four sections. The last four sections are
there to give you supplementary information if you want to
tinker with the program.

RECOMMENDED PROCEDURE

Here is our recommendation of how to try any of the pro-
grams in this book:

1.

Read through the documentation that came with the Com-
modore 64 to learn the fundamentals of communication
with the computer. This will teach you how to turn the com-
puter on, enter a program, correct mistakes, run a program,
etc.

Pick a chapter and read Section 1 (“Purpose”) to see if the
program sounds interesting or useful to you. If not, move
on to the next chapter until you find one that is. If you are a
beginner you might want to try one of the short “Miscel-
laneous Programs” first.

. Read Sections 2 and 3 of the chapter (“How To Use It” and

“Sample Run”) to learn the details of what the program
does.

. Enter the NEW command to eliminate any existing program

that might already be in your computer’s memory. Using
Section 4 of the chapter (“Program Listing”), carefully enter
the program into the computer. Be particularly careful to
get all the punctuation characters right (i.e., commas, semi-
colons, colons, quotation marks, etc.).

. After the entire program is entered into the computer’s

memory, use the LIST command to display what you have
entered so you can double check for typographical errors,
omitted lines, etc. Don’t mistake a semicolon for a colon, or
an alphabetic I or O for a numeric 1 or 0 (zero). Take a min-
ute to note the differences in these characters before you
begin.
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6. Before trying to RUN the program, use the SAVE “name”
command to save the program temporarily on cassette. This
could prevent a lot of wasted effort in case something goes
wrong (power failure, computer malfunction, etc.). If the
computer “hangs up” when you enter RUN, you can simply
reset it, reload the program from cassette, and look for typ-
ing errors.

7. Now RUN the program. Is the same thing happening that is
shown in the Sample Run? If so, accept our congratulations
and go on to step 9. If not, stay cool and go to step 8.

8. If you got a SYNTAX ERROR in a line, LIST that line and
look at it closely. Something is not right. Maybe you inter-
changed a colon and a semicolon. Maybe you typed a
numeric 1 or 0 instead of an alphabetic I or O. Maybe you
misspelled a word or omitted one. Keep looking until you
find it, then correct the error and go back to step 7.

If you got some other kind of error message, consult the
computer’s documentation for an explanation. Keep in mind
that the error might not be in the line that is pointed to by
the error message. It is not unusual for the mistake to be in a
line immediately preceding the error message line. Another
possibility is that one or more lines were omitted entirely. In
any event, fix the problem and go back to step 7.

If there are no error messages, but the program is not do-
ing the same thing as the Sample Run, there are two possibil-
ities. First, maybe the program isn’t supposed to do exactly
the same thing. Some of the programs are designed to do un-
predictable things to avoid repetition (primarily the game
programs and graphic displays). They should be doing the
same types of things as the Sample Run, however.

The second possibility is that you made a typing error that
did not cause an error message to be displayed, but simply
changed the meaning of one or more lines in the program.
This can be a little tricky to find, but you can usually narrow
it down to the general area of the problem by noting the
point at which the error takes place. Is the first thing dis-
played correct? If so, the error is probably after the PRINT
statement that caused the first thing to be displayed. Look
for the same types of things mentioned before. Make the
corrections and go back to step 7.
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9. Continue running the program, trying to duplicate the Sam-
ple Run. If you find a variation that cannot be accounted
for in the “How To Use It” section of the chapter, go to
step 8. Otherwise, if it seems to be running properly, SAVE
the program on cassette.

10. Read Section 5 of the chapter (“Easy Changes”). Try any of
the changes that look interesting. If you think the changed
version is better, SAVE it on cassette, too. You will prob-
ably want to give it a slightly different title in the first REM
statement to avoid future confusion.

A NOTE ON THE PROGRAM LISTINGS

A line on the screen of the Commodore 64 is 40 characters
wide. However, the printer that was used to create the Program
Listing section of each chapter prints lines up to 80 characters
long. When typing into your computer a line longer than 40
characters, simply type the entire line as shown in the listing fol-
lowed by the RETURN key. Don’t be fooled by the fact that the
cursor on your Commodore 64 jumps down to the next line after
you enter the 40th character—it’s just one long line until you
press RETURN.
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Section 1

Applications Programs

INTRODUCTION TO APPLICATIONS PROGRAMS

Good practical applications are certainly a prime use of per-
sonal computers. There are a myriad of ways the Commodore 64
can help us to do useful work. Here are eight programs for use
around the home or business. -

Financial considerations are always important. LOAN will
calculate interest, payment schedules etc. for mortgages, car
loans, or any such business loan. Do you ever have trouble
balancing your checkbook(s)? CHECKBOOK will enable you to
rectify your monthly statements and help you find the cause of
any errors. With the many types of investments available today,
there is often confusion about their true annual yields. AN-
NUAL will make sure you don’t have this problem any more.

Perhaps you find yourself compiling various lists at home or
work. These could be lists of names, words, phrases, etc. The
chore of alphabetizing such a list is duck soup for SORTLIST.

Fuel usage is a constant concern for those of us who drive.
MILEAGE will determine and keep track of a motor vehicle’s
general operating efficiency.

The tedium of analyzing questionnaires and examinations can
be greatly relieved with the aid of your computer. In particular,
teachers and market researchers should find QUEST/EXAM
useful.

Often we are faced with difficult decisions. DECIDE trans-
forms the Commodore 64 into a trusty advisor. Help will be at
hand for any decision involving the selection of one alternative
from several choices.
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Before anything else, you might want to consult BIO-
RHYTHM each day. Some major airlines, and other industries,
are placing credence on biorhythm theory. If you agree, or “just
in case,” simply turn on your computer and load this program.



ANNUAL

PURPOSE

Suppose you put $1000.00 into an investment that pays ten
percent interest. How much interest will you earn by the end of
one year?

Generally the answer is not simply $100.00 (the interest rate
times the principal). The amount of interest earned per year
depends on how often the interest is compounded (calculated)
and paid. If it is done only once at the end of the year, you really
do earn only ten percent. But if it is done more often (each
month, for example) you earn more. This is because the interest
after the first month begins earning interest too.

This program shows you the annual yield of any interest rate
for various compounding techniques, assuming that the interest
is added to the principal as it is calculated. Be aware that some
savings institutions use different techniques for calculating an-
nual yield. Their published figures may differ from the ones cal-
culated here.

HOW TO USE IT

Simply enter the interest rate you want to evaluate. The pro-
gram shows the annual yield for annual, semi-annual, quarterly,
monthly, weekly, and daily compounding. Then it asks you for
another interest rate to evaluate. If you have no more, enter zero
to end the program.

Due to the way numbers are represented inside the computer,
you may occasionally notice the last significant digit to be inac-
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curate. Fortunately, there is seldom any need to know the an-
nual yeild beyond two or three decimal places, so this should be
no problem.

The calculated answers come out almost instantaneously for
most compounding techniques, but daily compounding takes a
little longer to compute (about 3 or 4 seconds).

The Easy Changes section below shows how to send the out-
put to a printer, if you have one. It also shows how to add other
compounding techniques to the program.

SAMPLE RUN

¢ ANNUAL IMTEREST »=
INTEREST RATE? 14.5
INTEREST RATE = 14.5
COMPOUNDED ANNUAL YIELD

INTEREST RATE? B

The program asks what interest rate should be evaluated. The operator
provides it, and the program shows the annual yield for six different
compounding techniques.

PROGRAM LISTING
READY .

1EE REM: FAMHUFAL THTEREST

116 REM: COFRYRIGHT 13633

111 REM: TOM RUGE, FHIL FELIMAN. AMD
118 REM: WESTERM SYSTEME GROUF



ANNUAL S
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FRgN

A
A1
S
ilr:JM
SR DATA SEMI-AMHLALLY . 2

D) 4

%

RN

RE

l_!

CLESFRIMT CHEEC 14T

FREIMT d FAMHUAL THTEREST "
FRIMT

IMFUT" IMTEREST RATE".R
FRIMT:IF R=8 THEM EMI
FRIMT"IMTEREST RATE ="iR
FRINT

r*'F:IHT”l:ilZlf"IF‘lZIIJHTILII” TRECLEY S
FRIMT"AMHUAL Y TELDY

N METABTLE Y

PoHEL M
IF Mg w "ERD THEM 48
FREIHT METHRECLIS

T = RALEE W = TAMIS =
FOR I o= 1 T M
= ] R U I O
- ae @R
FRIMT =

AOGOTO mem

FRIMT

GOTOD LV

BT

DATA AMRLIELLY a1

DATA GUARTERLY :
DFTR MOHTHLY .12
DATA WEEKLY .52
DATA TAILY 36
DATA EMD, 353

RIM .,

EASY CHANGES

1.

2.

If you have a printer, you can send the output to it very eas-
ily. Just add these lines:

185 OPEN 1,4:CMD 1
405 PRINT#1:CLOSE 1

Adding another compounding technique is-done by inserting
another DATA statement between lines 900-950. For exam-
ple, bimonthly compounding would mean once every two
months, or six times per year. To include it, add this
statement:

925 DATA BIMONTHLY,6
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3.

The program can be changed to make calculations for a
whole series of interest rates without stopping. If you have a
printer, you may want to create your own reference tables.
To do so for, say, interest rates from 10 to 12 percent in in-
crements of one-quarter percent, make these changes:

170 FOR R=10 TO 12 STEP .25
410 NEXT

MAIN ROUTINES

130

Initializes variables.

150-160 Displays title.

170-180 Gets interest rate. Ends program if zero.

190-240 Displays rate and column headings.

250-410 Makes calculation and displays result for each com-

pounding technique.

900-960 DATA statements for each compounding techni-

que.

MAIN VARIABLES

—~ngHzzZw

Interest rate supplied by operator (as percentage).
Name of compounding technique.

Number of times per year to compound.

Interest rate (as decimal).

Interest rate per compounding period.

Sum of interest earned for the year.

Loop variable.

SUGGESTED PROJECTS

1.

Take inflation and taxes into account and show the “real”
gain or loss of the investment. For example, a person in a 50
percent tax bracket during a year of nine percent inflation
needs to make about an 18 percent annual yield just to break
even at the end of the year.

. Change the program to display (or print) a table of annual

yields. Show a column for each compounding technique,
and a row for each interest rate.



BIORHYTHM

PURPOSE

Did you ever have one of those days when nothing seemed to
go right? All of us seem to have days when we are clumsy, feel
depressed, or just cannot seem to force ourselves to concentrate
as well as usual. Sometimes we know why this occurs. It may
result from the onset of a cold or because of an argument with a
relative. Sometimes, however, we find no such reason. Why
can’t we perform up to par on some of those days when nothing
is known to be wrong?

Biorhythm theory says that all of us have cycles, beginning
with the moment of birth, that influence our physical, emo-
tional, and intellectual states. We will not go into a lot of detail
about how biorhythm theory was developed (your local library
probably has some books about this if you want to find out
more), but we will summarize how it supposedly affects you.

The physical cycle is twenty-three days long. For the first 11
days, you are in the positive half of the cycle. This means you
should have a feeling of physical well-being, strength, and en-
durance. During the second 11%: days, you are in the negative
half of the cycle. This results in less endurance and a tendency
toward a general feeling of fatigue.

The emotional cycle lasts for twenty-eight days. During the
positive half (the first fourteen days), you should feel more
cheerful, optimistic, and cooperative. During the negative half,
you will tend to be more moody, pessimistic, and irritable.

The third cycle is the intellectual cycle, which lasts for thirty-
three days. The first half is a period in which you should have
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greater success in learning new material and pursuing creative,
intellectual activities. During the second half, you are sup-
posedly better off reviewing old material rather than attempting
to learn difficult new concepts.

The ups and downs of these cycles are relative to each in-
dividual. For example, if you are a very self-controlled, unemo-
tional person to begin with, your emotional highs and lows may
not be very noticeable. Similarly, your physical and intellectual
fluctuations depend upon your physical condition and intellec-
tual capacity.

The day that any of these three cycles changes from the plus
side to the minus side (or vice versa) is called a “critical day.”
Biorhythm theory says that you are more accident-prone on
critical days in your physical or emotional cycles. Critical days in
the intellectual cycle aren’t considered as dangerous, but if they
coincide with a critical day in one of the other cycles, the poten-
tial problem can increase. As you might expect, a triple critical
day is one on which you are recommended to be especially
careful.

Please note that there is quite a bit of controversy about bio-
rhythms. Most scientists feel that there is not nearly enough evi-
dence to conclude that biorhythms can tell you anything mean-
ingful. Others believe that biorhythm cycles exist, but that they
are not as simple and inflexible as the 23, 28, and 33 day cycles
mentioned here.

Whether biorhythms are good, bad, true, false, or anything
else is not our concern here. We are just presenting the idea to
you as an interesting theory that you can investigate with the
help of your Commodore 64.

HOW TO USE IT

The program first asks for the birth date of the person whose
biorhythm cycles are to be charted. You provide the month and
day as you might expect. For the year, you only need to enter the
last two digits if it is between 1900 and 1999. Otherwise, enter all
four digits.

Next the program asks you for the start date for the bio-
rhythm chart. Enter it in the same way. Of course, this date can-
not be earlier than the birth date.

After a delay of about a second, the program clears the screen
and begins plotting the biorhythm chart, one day at a time. The
left side of the screen displays the date, while the right side
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displays the chart. The left half of the chart is the “down”
(negative) side of each cycle. The right half is the “up” (positive)
side. The center line shows the critical days when you are at a
zero point (neither positive nor negative).

Each of the three curves is plotted with an identifying letter —
P for physical, E for emotional, and I for intellectual. When the
curves cross, an asterisk is displayed instead of either of the two
(or three) letters.

Twelve days of the chart are displayed on one screen, and then
the program waits for you to press a key. If you press the N key,
the current chart ends and the program starts over again. If you
press the C key the program clears the screen and displays the
next twelve days of the chart. If you press the E key, the pro-
gram ends.

The program will allow you to enter dates from the year 100
A.D. and on. We make no guarantees about any extreme future
dates, however, such as entering a year greater than 3000. We
sincerely hope that these limitations do not prove to be too con-
fining for you.

SAMPLE RUN

#% BIORHYTHM »x
ENTER BIRTH DATE

- ML’ =
WAT BVWIAZT

34
DA
YE

i
EM
"o
DA
Yt

DLCE =WDCE

The operator enters his or her birth date and the date for the beginning
of the chart.
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BIORHYTHM
[ up

--DATE-- Do

The program responds with the first 12 days of the operator’s biorhythm
chart, then requests continuation options.

PROGRAM LISTING
RERADM .,

188
118
111
112
128
128
146
158
168
120
2
2360
i
256
2EE
E7B
288

e

REM: ETORHYTHM

REM: COPYRIGHT 12873

FEM: TOM RUGGE. PHIL FELIM&EM. AMD
FEM: WESTERM SYWETEMS GROLUF
CLE:FPRIMT CHREECL47

Le=@: Tl P=2, 14155285

FRIWHT " g BLIORHYTHM ##"  FRIMT
FRIMT"EMTER BIRTH DRTE"

GOSUE S0EGOSUR SE@ 0 Th=TT
FRIMT"EMTER STRART DATE FOR CHERT"
GOSUE S@g: GOSUE @ TC=IT

IF JCe=JB THEM 278

FRIMT"CHART DATE CAMT BE EARLIERY
PRIMT"THAM EBIRTH DATE."

FRIMT"TREY AGAIM" FRIMT GOTO 1358
FOR ko= 1 TO 1836 MERT

GOSUR FEE

Mo J0-TE
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FRIMT"DOWH" STRBC LS "B S TEECR 0 LR
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a4l Moo= THT WY CAF = MIDFECLE WL

TP IF AE="F" QR Af="E" OR AfFs$" THEM CF = "#®"
255 IF W = 1 THEM 388

SED LE = LEFTELE, W-10+CF+RIGHTELE, T+T+1~W3
HPE RETURH

a8 LE=CE+RIGHTFLE, T+T) RETURM

250 LE=LEFTECLE, T+TH+0F  RETURM

1968 K = JC+EE585: R = IHTO4#blS 148897 )
1816 W o= W-THT O 4EB3THER+-30 45

1@zE Y = IHTCABER% 1014818810

1833 W = W~-IHTC1481%% /40431

1849 M = IMTCSB%WAZ447 2

1858 D = W-IMTC2447HM 300

1858 W = ITMTOMAL12:M = Ma+2-128%0

1878 Y = 128%(R~450+5+b

1928 AF = STREMI W = LEMIAFI~1

1828 Cf = MIDECAE, 2. W+

1188 A% = STRECD) M = LEMCAFI~1

1118 CF = CE+MIDFCRE. 2, WO+

1128 AF = STREY W = LEMCAFI~1

1128 C# = CE4+MIDECAE W20

1148 RETURH

RERIM.

EASY CHANGES

1. Want to see the number of days between any two dates? In-
sert this line:

305 PRINT “DAYS=";N: END

Then enter the earlier date as the birth date, and the later
date as the start date for the chart. This will cause the pro-
gram to display the difference in days and then end.

2. To alter the number of days of the chart shown on each
screen, alter the 12 in line 360.

MAIN ROUTINES

120- 140
150- 160

190- 200

Initializes variables. Displays titles.

Asks for birth date and converts to Julian date for-
mat (i.e., the number of days since January 1,
4713 B.C.

Asks for start date for chart and converts to Julian
date format.
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230- 260
270
280
300

310- 330
340

350
360- 400

500- 580

600- 670

700- 760
800- 990

1000-1140

Checks that chart date is not sooner than birth date.
Delays about one second before displaying chart.
Displays heading at top of screen.

Determines number of days between birth date and
current chart date.

Plots points in L$ string for each of the three cycles.
Converts Julian date back into month-day-year
format.

Displays one line on the chart.

Adds one to chart date. Checks to see if the screen is
full.

Subroutine to ask operator for month, day, and
year. Edits replies.

Subroutine to convert month, day, and year into
Julian date format.

Subroutine to clear screen and display headings.
Subroutine to calculate remainder R of N/V, and
plot a point in L$ based on V and R.

Subroutine to convert Julian date JC back into
month-day-year format.

MAIN VARIABLES

L
T

P
JB
JD
IC
K
N

A%

Cs
L$
R$
M
D
Y

Counter of number of lines on screen.

Number of characters on one side of the center of
the chart.

Pi.

Birth date in Julian format.

Julian date calculated in subroutine.

Chart start date in Julian format.

Loop and work variable.

Number of days between birth and current chart
date.

Number of days in present biorhythm cycle (23, 28,
or 33).

String with date in month/day/year format.
String with one line of the biorhythm chart.

Reply from operator after screen fills up.

Month (1-12)

Day (1-31)

Year (100 or greater)
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W, B Work variables.
R Remainder of N/V (number of days into cycle).
A$ Work variable.

SUGGESTED PROJECTS

1. Investigate the biorhythms of some famous historical or ath-
letic personalities. For example, are track and field athletes
usually in the positive side of the physical cycle on the days
that they set world records? Where was Lincoln in his emo-
tional and intellectual cycles when he wrote “The Gettysburg
Address”? Do a significant percentage of accidents befall
people on critical days?

2. Modify the program to print the chart on a line printer. (Be
sure to print the name and/or birthdate on the chart, too.)



CHECKBOOK

PURPOSE

Many people consider the monthly ritual of balancing the
checkbook to be an irritating and error-prone activity. Some
people get confused and simply give up after the first try, while
others give up the first time they cannot reconcile the bank state-
ment with the checkbook. Fortunately, you have an advan-
tage—your computer. This program takes you through the nec-
essary steps to balance your checkbook, doing the arithmetic for
you, of course.

HOW TO USE IT

The program starts off by giving you instructions to verify
that the amount of each check and deposit are the same on the
statement as they are in your checkbook. Sometimes the bank
will make an error in reading the amount that you wrote on a
check (especially if your handwriting is not too clear), and some-
times you will copy the amount incorrectly into your checkbook.
While you are comparing these figures, make a check mark in
your checkbook next to each check and deposit listed on the
statement. A good system is to alternate the marks you use each
month (maybe an “x” one month and a check mark the next) so
you can easily see which checks and deposits came through on
which statement.

Next, the program asks for the ending balance shown on the
bank statement. You are then asked for the check number (not
the amount) of the most recent check shown on the statement.
This will generally be the highest numbered check the bank has
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processed, unless you like to write checks out of sequence. Your
account balance after this most recent check will be reconciled
with the statement balance, so that is what the program asks for
next —your checkbook balance after the most recent check.

The program must compensate for any differences between
what your checkbook has in it prior to the most recent check and
what the statement has on it. First, if you have any deposits that
are not shown on the statement before the most recent check,
you must enter them. Generally, there are none, so you just
enter “END.”

Next you have to enter the amounts of any checks that have
not yet “cleared” the bank and that are prior to the most recent
check. Look in your checkbook for any checks that do not have
your check mark next to them. Remember that some of these
could be several months old.

Next you enter the amount of any service charges or debit
memos that are on the statement, but which have not been
shown in your checkbook prior to the most recent check. Typi-
cally, this is just a monthly service charge, but there might also
be charges for printing new checks for you or some other adjust-
ment that takes money away from you. Credit memos (which
give money back to you) are not entered until later. Be sure to
make an entry in your checkbook for any of these adjustments
so that next month’s statement will balance.

Finally, you are asked for any recent deposits or credit memos
that were not entered in your checkbook prior to the most recent
check, but that are listed on the bank statement. It is not unusual
to have one or two of these, since deposits are generally process-
ed by banks sooner than checks.

Now comes the moment of truth. The program tells you
whether or not you are in balance and displays the totals. If so,
pack things up until next month’s statement arrives.

If not, you have to figure out what is wrong. The best thing to
do first is to make sure you entered all the data correctly. You
can verify that the outstanding checks were entered correctly
with this command:

FOR J=1 TO NC:PRINT C(J);:NEXT
Then, to review the balancing summary, you can enter:
GOTO 810

To verify that you entered everything else correctly, simply RUN
the program again and compare results.
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If you entered everything correctly, the most likely cause of
the out of balance condition is an arithmetic error in your check-
book. Look for errors in your addition and subtraction, with
subtraction being the most likely culprit. This is especially likely
if the amount of the error is a nice even number like one dollar
or ten cents.

Another common error is accidentally adding the amount of a
check in your checkbook instead of subtracting it. If you did
this, your error will be twice the amount of the check (which
makes it easy to find). :

If this still does not explain the error, check to be sure you
subtracted /ast month’s service charge when you balanced your
checkbook with the previous statement. And, of course, if you
did not balance your checkbook last month, you cannot expect it
to come out right this month.

The program has limitations of how many outstanding checks
you can enter, but this can. be changed easily. See “Easy
Changes” below.

SAMPLE RUN

CHECKBOOK 3

ND=NTM
T

W
[1L]
K4

NO
TH
W
?

WH
CH
?

The program displays an introduction, and the operator begins pro-
viding the necessary information.
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followed by

The operator continues by entering the checkbook balance,

END to indicate no outstanding deposits.

1652

o
=
193
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The operator enters the outstanding checks, and prepares to enter ser-

vice charges.
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X =Ml
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Tl OO

ENLICO =

WOt

After the service charges are entered, the operator will indicate no late

deposits by entering END.

EIT—X
WO =
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W
=3
w
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(-}

Finally, the program displays balancing information and ends.
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PROGRAM LISTING
READY.

188 REM: CHECKBOOK

118 REM: COFYRIGHT 1333

111 REM: TOM RUGG, FHIL FELDMAM. AMD

112 REM: MWESTERM SYSTEMS GROUF

128 CLR:FRIMT CHR#%7147D

138 PRIMT" ¥ CHECEEOOK " PRIMT

158 MC = 1@

168 DIM CoMey

188 Ef = "ERROR. RE~EMTER."

199 PRIMT"FIRST. BE SURE YOUR BAMK"

208 FRIMT"STATEMEMT AMD CHECKEOQE SHOW"
218 FRIMT"THE 3ZAME FIGUREDZ FOR EACH CHECE"
228 FRIMT"AWMD DEFOZIT LISTED OM THE"

238 PRIMT"STATEMEMT. " FRIMT

280 PRIMT"WHAT S THE EMDIMG BERALAMCE SHOWH"
258 PRIMT"OM THE STATEMEMT 7" :IMFPUT B
398 FRIMT"HOW FIMD THE MOST RECEMT CHECK"
18 PREIMT"THAT WAZ OM THE STATEMEHT."

330 PRIMT"WHAT 13 THE CHECK HUMBER OF IT "
4@ IMFUT LS

206 LE = "HO MORE ROOM,M

388 PRIMT

88 FRIMTYWHAT BALAMCE 1% SHOWH IH YOUR"
4EE FRIMT"CHECKEOOK AFTER CHECE MHO."iLL
4168 IMPUT CE:FRIMT .
420 FRIMT'EMTER THE AMOUMT OF AMY DEFDZSIT!
440 FRIMT"SHOMM IH YOUR CHECKEOON FRIOR"
458 PRIMT"TO CHECE",LC:"THAT IS MOT"

4@ PRIMT"OM THE STATEMEMT."

478 AF = "EMTER “EMDT WHEWM DOMHE":FPRIMT AF
426 IMFUT RF:IF RE = "EMD" THEM 548

SEE IF VALCRED > 8 THEM 526

518 PRIMT EF:GOTO 476

520 MDD = MI41:TD = TIHYALCRED

50 GOTO 430

548 PRIMT"TOTAL =" TI:FRIMT

55E FRIMT"HOW EMTER THE AMCUMTES OF AHY"
66 FRIMT"CHECKS I THE CHECKEOOK FRIOR"
578 PRIMT"TO CHECK";LC:"THAT HAVE HMOT"

maE PRIMT'YET BEEW SHOMH OM A STATEMEMT."
SR8 FRIMT A

&1d IMPUT R#

GEF IF R$ = "EMD" THEM &2@

FEE IF WALCREE) > 8 THEM &8

46 FRIMT Ef:GOTO S&8

EE HD = MO+1COMC) = WALCRED  TC =TO+0HTD

T
& &
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IF Wi < MC THEM &168
FRIMT L#
FRIMT"TOTAL =", TC FRINT

7 PPIHT"H”H EMTER THE AMOUMTS OF FAHY"
EIMTYSERVICE CHARGES OR DEBIT MEMOE, "

PEIhT (B3

IMFUT R

IF BRE = "EMD" THEH 736
IF WAL CESEY 2 8 THEM 77
FRIMT EF:G0TO P2

ME w WS TS = THVALCRED

GIOTD VEE

FRIMT"TOTAL =" TS FPRIMT

GOSUE 20860

b o= SBRFTHATE-0OR-TO-TR W = FHESCW
IF W > 2881 THEM 946

W o= BCFRIMT"IT BALAMCES [Hi"

%

FRIWT"SORRY, IT7E OUT OF BALAMCE."
FRIMT"STATEMENT BRALAMHCE "
FRIMT"DEFOSITS OUTITAMDIMG +"
FREIMT"SERYICE CHARGES =", SE+TI+TES
FRIMT FRIMT"CHECKEOOK BALAMCE -+
FRIMT"CHECKS QUTSTAMDIMG +
FRIMT"RECENT DEFOSITE =" CE+TCH+TR
FRIMT :FRIMT"DIFFEREMCE ="

FRIMT

EMI

FRIMT"EMTER THE AMOUMT OF AMY DEFODSIT!
FREIMT"SHOWH ITH YOUR CHECKEODE RFTER"

PRIMT"CHECE MO " LC "THAT 15 ALED"
FPRIMNT"LISTED IM THE STATEMEMT."
FRIMT F%

IHFUT R¥

IF RE = "EMD" THEW 2138

IF YALCREY > 8 THEM 2188

FRINT Ef:GOTO Z8756

MR = ME+1:TRE = TR+VALCRE

GOTO 2@cs

FEIMT"TOTAL ="iTR:FRIMT

RETLIREH

REATY .

EASY

CHANGES

Change the limitation of how many outstanding checks you
can enter. Line 150 establishes this limit. If you have more than
10 checks outstanding at some time, change the value of MC to
100, for example.
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MAIN ROUTINES

120- 290 Initializes variables and displays first instructions.

300- 340 Gets most recent check number.

380- 410 Gets checkbook balance after most recent check
number.

430- 540 Gets outstanding deposits.

550- 690 Gets outstanding checks.

700- 790 Gets service charges and debit memos.

800 Gets recent deposits and credit memos.
810- 930 Does balancing calculation. Displays it. Ends
program.

2000-2140 Subroutine to get recent deposits.

MAIN VARIABLES

MC Maximum number of checks outstanding.

C Array for checks outstanding.

TC Total of checks outstanding.

TD Total of deposits outstanding.

TS Total of service charges and debit memos.

TR Total of recent deposits and credit memos.

NC Number of checks outstanding.

ND Number of deposits outstanding.

NS Number of service charges and debit memos.
NR - Number of recent deposits and credit memos.
ES$ Error message.

SB Statement balance.

LC Number of last check on statement.

CB Checkbook balance after last check on statement.
RS Reply from operator.

w Amount by which checkbook is out of balance.
AS Message showing how to indicate no more data.
L$ Message indicating no more room for data.

SUGGESTED PROJECTS

1. Add more informative messages and a more complete intro-
duction to make the program a tutorial for someone who
has never balanced a checkbook before.

2. Save all entries from the operator and allow any of them to
be reviewed and/or modified if found to be incorrect.
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3. If the checkbook is out of balance, have the program do an
analysis (as suggested in the “How To Use It” section) and
suggest the most likely errors that might have caused the
condition.

4. Allow the operator to find arithmetic errors in the check-
book. Ask for the starting balance, then ask for each check
or deposit amount. Add or subtract, depending on which
type the operator indicates. Display the new balance after
each entry so the operator can compare with the checkbook
entry.
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DECIDE

PURPOSE

“Decisions, decisions!” How many times have you uttered this
lament when confronted by a difficult choice? Wouldn't a trusty
advisor be helpful on such occasions? Well, you now have
one—your Commodore 64 Computer of course.

This program can help you make decisions involving the selec-
tion of one alternative from several choices. It works by prying
relevant information from you and then organizing it in a mean-
ingful, quantitative manner. Your best choice will be indicated
and all of the possibilities given a relative rating.

You can use the program for a wide variety of decisions. It
can help with things like choosing the best stereo system, saying
yes or no to a job or business offer, or selecting the best course
of action for the future. Everything is personalized to your in-
dividual decision.

HOW TO USE IT

The first thing the program does is ask you to categorize the
decision at hand into one of these three categories:

1) Choosing an item (or thing),
2) Choosing a course of action, or
3) Making a yes or no decision.

You simply press 1, 2, or 3 followed by the RETURN key to in-
dicate which type of decision is facing you. If you are choosing
an item, you will be asked what type of item it is.
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If the decision is either of the first two types, you must next
enter a list of all the possibilities under consideration. A ques-
tion mark will prompt you for each one. When the list is com-
plete, type “END” in response to the last question mark. You
must, of course, enter at least two possibilities. (We hope you
don’t have trouble making decisions from only one possibility!)
After the list is finished, it will be re-displayed so that you can
verify that it is correct. If not, you must re-enter it.

Now you must think of the different factors that are impor-
tant to you in making your decision. For example, location,
cost, and quality of education might govern the decision of
which college to attend. For a refrigerator purchase, the factors
might be things like price, size, reliability, and warranty. In any
case, you will be prompted for your list with a succession of
question marks. Each factor is to be entered one at a time with
the word “END” used to terminate the list. When complete, the
list will be re-displayed. You must now decide which single fac-
tor is the most important and input its number. (You can enter 0
if you wish to change the list of factors.)

The program now asks you to rate the importance of each of
the other factors relative to the most important one. This is done
by first assigning a value of 10 to the main factor. Then you
must assign a value from 0-10 to each of the other factors. These
numbers reflect your assessment of each factor’s relative impor-
tance as compared to the main one. A value of 10 means it is just
as important; lesser values indicate how much less importance
you place on it.

Now you must rate the decision possibilities with respect to
each of the importance factors. Each importance factor will be
treated separately. Considering only that importance factor, you
must rate how each decision possibility stacks up. The program
first assigns a value of 10 to one of the decision possibilities.
Then you must assign a relative number (lower, higher, or equal
to 10) to each of the other decision possibilities.

An example might alleviate possible confusion here. Suppose
you are trying to decide whether to get a dog, cat, or canary for a
pet. Affection is one of your importance factors. The program
assigns a value of 10 to the cat. Considering only affection, you
might assign a value of 20 to the dog and 6.5 to the canary. This
means you consider a dog twice as affectionate as a cat but a
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canary only about two thirds as affectionate as a cat. (No slight-
ing of bird lovers is intended here, of course. Your actual ratings
may be entirely different.)

Armed with all this information, the program will now deter-
mine which choice seems best for you. The various possibilities
are listed in order of ranking. Alongside each one is a relative
rating with the best choice being normalized to a value of 100.

Of course, DECIDE should not be used as a substitute for
good, clear thinking. However, it can often provide valuable in-
sights. You might find one alternative coming out surprisingly
low or high. A trend may become obvious when the program is
re-run with improved data. At least, it may help you think about
decisions systematically and honestly.

SAMPLE RUN

The program displays an introduction, and the operator begins pro-
viding the necessary information.
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The operator continues by entering the factors that are important in

After selecting option 1 and entering a single item “VACATION”, the
choosing the best vacation.

types of vacations are requested.
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The operator selects the most important factor.

RELAXATION
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The operator selects a value of importance for the factors.
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The operator rates each vacation based on each factor.

The program displays the list of vacations in order.
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PROGRAM LISTING
READY.

18§ REM: DECIDE

118 REM: COFYRIGHT 19683

111 REM: FHIL FELDMAH, TOM RUGG. AMD

112 REM: WESTERM SYSTEMS GROUF

156 CLR

1668 MD = 18

178 DIM L$CMDD, FECMDI, WiMDD

128 DIM CoMDL MDD, DOMDD, ZCMDD

196 E$ = "EMD"

209 GOSUE 5680

216 PRIMT"I CAM HELF YOU TO MAKE A"

220 PRINT"DECISION. ALL I MEED TO T IS
238 FRIMT"ASK SOME QUESTIOMS AMD THEM"
248 PRIMT"AMALYZE YOUR RESPOMIES. "

258 FOR J = 1 TO 3:FRIMT"=" HENT

ZEG FRIMT

278 PRIMT"WHICH OF THESE BEST DESCRIBES"
258 PRIMT"THE DECISION FRCIME wOU 3

258 PRIMT" 13 CHOOSIMNG AW ITEM FROM"

o8 PRIMT"  WARIOUS ALTERMATIVES,"

318 FRINT" 23 CHOSIMG A COURSE OF ACTION
320 PRIMT"  FROM YARIOUS BLTERMATIVES, "
339 PRIMT" 3 DECIDIMG ~¥ES” OR <MO<,"
PRINT

THPLT"WHICH OME <1, 2 OF 307

IF T < 1 OR T > 3 THEH 208

BOSUE 5208

OW T GOTO 428, 448, 450

FRIMT"WHAT TYFE OF ITEM IS IT"

IHPUT T#:G0TD So@

T# ="COURSE OF FACTIOM"

COTO SER

TH =UOWEST OR CHODCUIHD = @

L$01y ="DECIDING YES"

450 L$02) ="DECIDIMG MO"

450 GOTO HE0

SoE GOSUE SORE M = 0

518 PRIMT" I MEED TO HAVE A LIST OF ERCH”
29 FRINT T#:" UMDER COMSIDERATION, "

35 PRIMT

S48 FRINT" IMFLT THEM OME A A TIME IM"
550 FRIMT'RESPOMSE TO ERCH QUESTIOM MARK, "
566
"

i)

R

=

(Eax)

&Y,

i,

SEmA RO D HUAE

SR OO R R R S O A A RS
[

SE@ FRINT
75 FRINT"  TYPE THE WORD®"GE$,"< TO"

S8 PRIMT"IMDICARTE THAT THE WHOLE LIST"
538 PRIMT"HAL BEEM EMTERED.":FRIMT
GEE IF MI o M THEM &26
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JOFRIMT"~LTET FULL~"  GOT0

A OMT om MTA L THPUT LE M

IF LMDy < EF THEM

H I e Il

A IF MI =2 THEM 7o

FRIWNT

FRIMT WO HEED AT LEAST & CHOICES 11

LT FRIMTTREY AGHIHN"

DEUE CSEEE 0T Saa

UE Some

FRINT"OK. MERES YOUR LIST:"

rr'Ihr FOR o= 1 T MI

JOTHREE D LT

T FRIMT

FOR > o= 1 TO 2:GET REF:HEST

IMPUTY IS THE LIST CORREDT 0% OR Ml"iR#

IF BE = "Y' THEM 268

IF FBE < "W OTHEM TEE

FRIMT

F’F'IIW"THF LIST MUST BE RE-EMTERED"

CEOTO DEE

GOSLUE |Hl;lrl l;r. %

FOFRTHTY MO, THIME OF THE FRCTORS THAT!

IF T3 THEMW F‘I‘?IHT"HRE ITFFOETAMNT TH CHODSTHG"

IF T « 3 THEM FEIMT"THE BPEST ";TE;"."

IF T = 2 THEM PRIMT"ARE IMPORTEHT T2 YO0 TH"

IF T = 3 THEM FRIWT"DECIDIMG " T#:"."

FRIMT CFREIHTY ITHFIT THEM COHE AT 5 TIME I

FRIMT"REESFOMSE T2 EACH QUESTION MARE.."

FRIMT FREIMT" TYFE THE WORD <" Efg: " 7o

G FRIMT"TERMIMATE THE LIST."

L B e o B N | EE R

IF MIF e MID THER FRIWHT" - LIST FULL ~-"
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B IF A = B THEM 509
g IF A % MF OR R < © THEM 1186

B COSUE 5960

168 IF HF = 1 THEW 1568

26 FRIMT" MOW LET'S SUFFOSE WE HAYE M

26 PRINT'SCALE OF IMPORTAMCE RAMGIHG"

48 FRINT'FROM G-18. WE'LL GIVE"

FRIMT FECAD; " A VALLE OF"

PRINT "18 SIMCE ", FECAD

FRIMT"WAS RATED THE MOST IMPORTAMT."
PRIMT:FRINT" OM THIS SCALE. WHAT YALUE OF"
1350 PRINT" IMPORTANCE WOULD THE OTHER"

1980 PRINT'FACTORS HAVE 7"

1410 FOR J = 1 TO HF

1428 IF I = A THEK 1496

1438 FRINTFRIMT F£0I)

THFLT Wi
IF WoJs <8 THEM 1480

IF 0T B THEN 1486

GOTO 1456

FRINT" IMPOSSIBLE WALUE — TRY ABAIN'
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A FPREIMT"AMD ASSICMIMNG 18 7o

S PREIMT LECLY

AOFRIHT WMHAT WELUE WOULT YOou AESTGH To
FOR K = & T

FRIMT L0k

TF Skl T

FREIHT"

e SOTO 1

S MEST  PRIMT OOl T = 16 MEST
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1 Ifm ]

oL

T O

5 TLLECAL - "
2]

fele]

s TR

R LR ME T

1 TIJ MIZ0kY = kI MERT
3 R O A A N A S D

1 Trv M ML = E0TD

LF r-' hT"I‘UT ITo5 WERY CLOSE."
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FRIMT CHREEC147 2 PRIMT TRBECLS ) "DECIDE"
FRIMT  RETUREH
FoR I = 1 T 15098 HEST  RETURH

2l
]

2 T [ o IR A
DRt Iy I I n ]

i
i
;-—
=
[

REATY.
EASY CHANGES

1. The word “END” is used to flag the termination of various
input lists. If you wish to use something else (because of
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conflicts with items on the list), change the definition of E$
in line 190. For example, to use the word “DONE,” change
line 190 to

190 E$ =“DONE”
Line 5200 contains a timing delay used regularly in the pro-

gram. If things seem to change too fast, you can make the
number 1500 larger. Try

5200 FOR J =1 TO 3000:NEXT: RETURN

The program can currently accept up to ten decision alterna-
tives and/or ten importance factors. If you need more, in-
crease the value of MD in line 160. Thus, to use 15 values,
line 160 should be

160 MD =15

MAIN ROUTINES

150- 190 Initializes and dimensions variables.

200- 360 Determines category of decision.

400- 490 Gets or sets T$.

500- 810 Gets list of possible alternatives from user.
900-1220 Gets list of importance factors from user.
1300-1490 User rates each importance factor.
1500-1900 User rates the decision alternatives with respect to

each importance factor.

2000-2110 Evaluates the various alternatives.

2200-2270 Sorts alternatives into their relative ranking.
2300-3000 Displays results.

5000-5020 Subroutine to clear screen and display header.
5200 Time wasting subroutine.

MAIN VARIABLES

MD
NI
NM
L$
NF
F$
\%

A

Maximum number of decision alternatives.
Number of decision alternatives.

NI-1.

String array of the decision alternatives.

Number of importance factors.

String array of the importance factors.

Array of the relative values of each importance
factor.

Index number of most important factor.
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C Array of relative values of each alternative with
respect to each importance factor.

T Decision category (1 =item, 2=course of action,
3 =yes or no).

TS String name of decision category.

E$ String to signal the end of an input data list.

J,K Loop indices.

R$ User reply string.

Q,NI,N2  Work variables.

D Array of each alternative’s value.

MX Maximum value of all alternatives.

DF Rating difference between best two alternatives.

Z Array of the relative rankings of each alternative.

SUGGESTED PROJECTS

1.

2.

Allow the user to review his numerical input and modify it if
desired.

Insights into a decision can often be gained by a sensitivity
analysis. This involves running the program a number of
times for.the same decision. Each time, one input value is
changed (usually the one you are least confident about). By
seeing how the results change, you can determine which fac-
tors are the most important. Currently, this requires a com-
plete rerunning of the program each time. Modify the pro-
gram to allow a change of input after the regular output is
produced. Then recalculate the results based on the new
values. (Note that many input arrays are clobbered once all
the input is given. This modification will require saving the
original input in new arrays so that it can be reviewed later.)




LOAN

PURPOSE

One of the most frustrating things about borrowing money
from a bank (or credit union or Savings and Loan) is that it’s not
easy to fully evaluate your options. When you are borrowing
from a credit union to buy a new car, you might have the choice
of a thirty-six or a forty-eight month repayment period. When
buying a house, you can sometimes get a slightly lower interest
rate for your loan if you can come up with a larger down pay-
ment. Which option is best for you? How will the monthly pay-
ment be affected? Will there be much difference in how fast the
principal of the loan decreases? How much of each payment will
be for interest, which is tax-deductible?

You need to know the answers to all these questions to make
the best decision. This program gives you the information you
need.

HOW TO USE IT

The program first asks you the size of the loan you are consid-
ering. Only whole dollar amounts are allowed—no pennies.
Loans of one million dollars or more are rejected (you can af-
ford to hire an investment counselor if you want to borrow that
much). Then you are asked the yearly interest rate for the loan.
Enter this number as a percentage, such as “10.8.” Next, you are
asked to give the period of the loan in months. For a five year
loan, enter 60. For a thirty year mortgage, enter 360. The pro-
gram then displays this information for you and calculates the
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monthly payment that will cause the loan to be paid off with
equal payments each month over the life of the loan.

At this point you have four options. First, you can show a
monthly analysis. This displays a month-by-month breakdown,
showing the state of the loan after each payment. The four col-
umns of data shown for each month are the payment number (or
month number) of the loan, the remaining balance of the loan
after that payment, the amount of that payment that was in-
terest, and the accumulated interest paid to date. Twelve lines of
data are displayed on the screen, and then you can either press
the T key to get the final totals for the loan, or any other key to
get the data for the next twelve months of the loan.

The second option is overriding the monthly payment. It is a
common practice with second mortgage loans to make smaller
monthly payments each month with a large “balloon” payment
as the final payment. You can use this second option to try
various monthly payments to see how they affect that big pay-
ment at the end. After overriding the monthly payment, you will
want to use the first option next to get a monthly analysis and
final totals using the new monthly payment.

The third option is to simply start over. You will generally use
this option if you are just comparing what the different monthly
payments would be for different loan possibilities.

The fourth option ends the program.

By the way, there is a chance that the monthly payment
calculated by your lender will differ from the one calculated here
by a penny or two. We like to think that this is because we are
making a more accurate calculation.

NOTE: SEE DISCLAIMER IN FRONT PART OF BOOK
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SAMPLE RUN

LOAN CALCULATOR

;]
ONTHS)? 368

The operator enters the three necessary pieces of information about his

or her loan.

QAQN":S@

The program responds with the monthly payment that will pay off the
loan with equal payments over its life, then asks the operator what to do
next. The operator will request a monthly analysis.
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The program responds with information about the first twelve months

of the loan, then waits.

©
™
-
[
o~

LAST PAYMENT

o~
-t
-
(23
o
-
n
(']

TOTAL PAYMENTS

MONTHLY PAYMENT HAS 868.81

PRESS ANMY KEY TO CONTINUE

The operator presses “T”, and after a few seconds the program displays

totalling information about the loan.
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PROGRAM LISTING
READY .

=

S =D @

SRR e
=

=5

[

=

=
=3

i

J i3 iR

¥
&

R S e e e e el el
in N
oo m e

X% B

450
450
508
518
520
536
S46

5EE

REM: LOAN CALCULATOR

REM: COFYRIGHT 1383

REM: TOM RUGE, FHIL FELDMAM, AHD
REM: WESTERH SYSTEMS GROUF
CLR:FRIMT CHREC1473 EL$=" "
FRIMT"LOAM CALCULATOR"

FRINT

THPUIT " LOFK AMOUHT " A

GOSUE 1999 IF A = @ THEM 156
IHFUT " IHTEREST RATE" R
IMPUT"LEHETH OF LOAM CMOMTHS " H
R o= FESCRY M = R/1269

GOSUE S0 W = 1

FOR T = 1 TO Hibl = bW#cCL+MD:HEST
o MR 1

Fom IHTOR#1064+, 950 F = P/LOE
FRIMT'MOHTHLY FAYMEMT 15"

FP = F

FRINT"HEST FACTION: "

PRIMT®1 =~ MOMTHLY AMALYSIS"
FRINT"Z - OVERRIDE PAYMEMT"
PRIMT"E - START OWER"

FRINT"4 ~ EMD"

IMFLUT ©

OW ©GOTO S48, 456, 126, 5PE
FRIMT'CHOICES ARE 1.2,5,4"

AOGITO @5

EHD
FRIMT
THPUT"MOMTHLY FAYHENT" ; F

o GOTO 246

GOIEUE 450 GOT0 518

G e
GEPRIMT TABCS Y "REMAIMIMGE"

FRINT TREC17) "~ IHTEREST~
FRIMT"MI.  BRLAMCE" TREC16Y
FRIMT"MOMTH = TO-DATE"

RETURH

B o= FHLE0:TT = 80TF = §iL = @

F o= PHLEEIRS = ""FOR T = 1 T M
T o= M#E:T = INTOT#.S0

IF T = M THEM F = BE+T

TR = TR4P:E = B-F+T:TT = TT+T

i

IF B < @ THEM GOSUR 2oep

IF R§ = "T" THEW &5@

W= B:GOSUE 966 EF = 5%

W= T GOSUE 960:TF = RIGHTEISE, 50
=T

b T GOSUE SBE:TTE =
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SJE w STRECT)CTE = RIGHTECTE LEMOIEN -1
FRIMT JTE:TABC4D BEITFITTS
o= LAl IF L2 1E THEM a3
O FRIMT"FRESS KEY TO GO OM";
BOFRIMHTY 0T = TOTALEN";
) GET RE:IF RE = "" THEM &5
L= B GOSUR 458
IF R# "TOTHEM SR
FRIMT"CALCULATIMG TOTHLS. .. "
HEST
FEE FRIMTPRIMTYLAST PAYMEMT ="
18 FRIMT Feo188
FEE PRIMT PRIMT"TOTAL FAYMEMTS ="
VIR FRIMNT TR LEE
?4@ FRIMT FRIMT"MOMTHLY FAYMENT WAS"FF

TEE OFRIMT
FEE PRIMT"PRESS AMY EEY TO COMTIMUE"

5]
g 3
PYE GET WECIF RWE o= "M THEM FFE
BOFos FROGOTD 248

2]

L)
SEE FRINT CHREECLATI FRIMT @ "FOR" M,

18 PRINT"MO. AT R "H"
SEE RETURH

BEE W= TWHTOMY (5% = STREIM
218 ko= LEWCSEI-15E = MIDECEE, 2, KD

i
Ty
f
-
m

i

= L THEM SF = BLEH". Q"+ EETURH
= @ THEW SF = BLE+", "+54: RETURM
"L HRIGHTECSE, 2D

956 SF LEFT$05%, K~20+D%

BE0 5F LEFTECELE, S~k +5F

B7E RETURM

18988 A = ABSCAI A = IMTOAD

1918 IF A < 1880280 THEWM RETURMH

1828 PRIMT"TOO LARGE AM AMOUMT®

1838 A = B RETURH

2998 F = P+R:TP = TF+E'E = B RETUREM

8%]
Ly
)
—
T
=

45 TE

L I B

READY.

EASY CHANGES

1. The number of lines of data displayed on each screen when
getting a monthly analysis can be changed by altering the
constant 12 in statement 620.

2. To include the monthly payment in the heading at the top of
each screen of the monthly analysis, insert the following
line:

815 IF FP<>0 THEN PRINT“MONTHLY PAYMENT

IS”;FP
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MAIN ROUTINES

120- 170
200- 230
250- 370

400- 410
440- 780
800- 820
900- 970

1000-1030
2000

Displays title. Gets loan information.

Calculates and displays monthly payment.

Asks for next action. Goes to corresponding
routine.

Gets override for monthly payment.

Calculates and displays monthly analysis.
Subroutine to clear screen and display data about
the loan at the top.

Subroutine to convert integer amount to fixed-
length string with aligned decimal point.

Edits loan amount (size and whole dollar).
Subroutine to handle early payoff of loan.

MAIN VARIABLES

BL$

JwogvEzzmp

ot
AP R

~
%3

TT$
S$,D$

String of 6 blank spaces.

Amount of loan.

Interest rate (percentage).

Length of loan (number of months).

Monthly interest rate (not percentage).

Work variable.

Monthly payment (times 100).

First monthly payment.

Choice of next action.

Remaining balance of loan (times 100).

Total interest to date (times 100).

Total payments to date.

Number of lines of data on screen.

Reply from operator at keyboard.

Work variable for loops.

Monthly interest.

Remaining balance to be displayed (two decimal
places).

Monthly interest to be displayed (two decimal
places).

Total interest to be displayed (two decimal places).
Work strings.

Work variable.
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SUGGESTED PROJECTS

1. Display a more comprehensive analysis of the loan along
with the final totals. Show the ratio of total payments to the
amount of the loan (TP divided by A), for example.

2. Modify the program to show an analysis of resulting
monthly payments for a range of interest rates and/or loan
lengths near those provided by the operator. For example, if
an interest rate of 9.5 percent was entered, display the
monthly payments for 8.5, 9, 9.5, 10, and 10.5 percent.



MILEAGE

PURPOSE

For many of us, automobile operating efficiency is a continual
concern. This program can help by keeping track of gasoline
consumption, miles driven, and fuel mileage for a motor vehicle.
It allows reading and writing data files with the cassette unit.
Thus, a master data file may be retained and updated. The pro-
gram computes mileage (miles per gallon or MPG) obtained
after each gasoline fill-up. A running log of all information is
maintained. This enables trends in vehicle operation efficiency
to be easily checked.

HOW TO USE IT

The program requests the following data from the operator as
a record of each gasoline fill-up: date, odometer reading, and
number of gallons purchased. The most useful results will be ob-
tained if entries are chronological and complete, with each entry
representing a full gasoline fill-up.

In order to use the cassette features, the operator must be able
to position the tape correctly for both reading and writing. The
simplest way to do this is to only record files at the beginning of
a tape. One tape could certainly be used this way, with each file
writing over the previous one. However, we suggest alternating
between two physical tapes. This will insure a reasonably up-to-
date back-up tape in case of any failure.

The program operates from a central command mode. The
operator requests branching to any one of five available subrou-
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tines. When a subroutine completes execution, control returns to
the command mode for any additional requests. A brief descrip-
tion of each subroutine now follows:

1) READ OLD MASTER FILE

This reads previously stored data from the cassette. Any data
already in memory is deleted. During the read, the name of the
data file and the total number of records read are displayed.

2) INPUT FROM TERMINAL

This allows data records to be entered directly from the ter-
minal. This mode is used to provide additional information after
a cassette read and to enter data for the first time. The program
will prompt the operator for the required information and then
let him verify that it was entered correctly. A response of “D” to
the verification request signals that no more data is to be
entered.

3) WRITE NEW MASTER FILE

This command causes the current data to be written on cas-
sette. The program requests a name for the file. When later read,
this name will be displayed, allowing verification of the correct
data file.

4) DISPLAY MILEAGE DATA

This subroutine computes mileage (miles per gallon) from the
available data. It formats all information and displays it in tabu-
lar form. Numerical values are rounded to the nearest tenth.
When data fills the screen, the user is prompted to hit any key to
continue the listing. When all data is displayed, hitting any key
will re-enter command mode.

5) TERMINATE PROGRAM

Ends execution and returns the computer to BASIC.
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SAMPLE RUN

MILEAGE

SAnAAA

LDeEITNO

-
[
o
o
o]
<
b=
x
>
ao
o
x
<
b =
b=
o
«
o
[
—
x
W]

The program’s menu is displayed and the operator chooses option 2.

This allows data to be entered directly from the terminal.

The operator inputs the first data record.
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The program then displays the input and the operator confirms that it is
correct.

o

NANNNANNNANO
WWWPRIPINIPY e o o b O

E
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WO W—ENCS
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w

(7.4
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P b e e
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00 00 === == O 0O b= €O 0O e b
mweoo(.nwo«w‘waa
T OUNLHLNDLHONOU
NN LCOWEW  O=I=T
o b P e e ot e e e e e T
WhrLhwhWwwwahah™
o P e e Bt e e e e %
QO =300 LD 0000 =IO O

i
1

- NPIPIRI e b b DD D\ D

T
i
9
3
8
i
4
5}
2
8
9
i
0

x

ANY KEY R COMHAND HODE

After ten more data records are input, the operator selects option 4
from the command menu. This formats and displays the data along with
the fuel MPG obtained. The program will re-enter command mode
when a key is hit.
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MILEAGE

HILEAGE
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FOP HRITING

1-POSITION THE ThAPE

2
3

voLvost
304

o
B

i

APE FILE
H

ST0P KEY

The operator selects option 3 and writes the data to a file called

VOLVOS8I1 on cassette tape.

MILEAGE

-~
N
o
@
r
>
=
>
@
(=]
m
o
(&)
o
w
[
b 4
w

15
x
—
o
<
W
o
o
(=4
-
[}
a.
<
-
(%]
x
-
x
o
-
-
—
1923
o
[-%
'
-t

-
a.
<
—
x
o
>
<
-
Q.
w
(7]
W
o
o

ST10P Kt Y

By selecting option 1 in a subsequent run, the file VOLVOS81 is retrieved

from cassette tape to begin a new session.
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PROGRAM LISTING
REATY .

198 REM: MILEAGE

118 REM: COPYRIGHT 1323

111 REM: FHIL FELIMAMW, TOM RUGE, AMD
118 REM: WESTERM SYSTEMEZ GROUP

148 CLE

158 MW o= 15

1668 MR = 28

178 M o= &

138 DIM DECRD . DOMRN, GOMREY . MOMRED
298 PRIMT CHREECLAT ) CFRINT TRECLZD: "MILEAGE"
218 PRIMT:R = @

s FRIMT"COMMAND LIST"

FREIMT"1Y READ QLD MAZTER FILE"
FRINT"EZ) IHMFUT DATA FROM TERMIMAEL"

=

2EE FRIMTYEY WRITE HEW MASTER FILE"

SEQ PRIMNT"G DISPLAY MILEAGE DATH"

ATE PRIMNTYSY TEEMIMATE PROGREAM"

SR FRIMT

2oE IMPUTYERTER COMMAMT BY HUMBER" R

AEE R o= THTORD

e IF R o= 5 OTHEW 1398

IEE OOH R OGOTD 1TE0. 490, S8, 1186

ZDE CO0TO 299

GE8 IF Mo MEOTHER 448

d1E FPRIMT

GZE FREIMT st MO MORE DATA FLLOWET d"

A GOEUD ZREH 0T a8

Gl FRIMT CHEEC L1475

458 FRIMT"EMTER THE rﬁLLHHIHh IATA:"
R FRIMT"- DATE TE.G. e

558
é-'

PRIMT" - HDUHETEP FQHPIHH I'HIL]"'“'"
SR PRIMT" - GRALLOHE BOUGHT"
GHE Moo= ML THPUT"DATE" i BE

SEE RE o= LEFTERE. S DEM

T8 TMHFUT " ODOMETER" JF Ik

SEe IF R0 8 THEM 518

FEE THPUT"GALLOME" IR GIHY = R

S48 IF B < B THEM T3

SE5E PRIMT CHRECL4TS

SEE FRIMT" IMPUT DATE: " DFECHD

SVE PRIMT" CHECE OROMETER : " ST

SEE PRIMT TABC1S"GALLOMES: "GO

SHE FRIMT:PRIMT" ~ IS IMFUT Ok % -~ "

EEE THRUT"  OhsYER MM, =Y ES ARD DOMES " FE
GLE RE = LEFTERE, 10

£28 IF BE O "HY OTHEM &6

Fi4
f

B i
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3 M= bl FRINT
FRINT'FLERSE RE-EMTER LAST DATA
GOTO 450
IF R% = "I" THEM 208
s My THEM S5
5 OIF M o= MR OTHEM 418
% nnTn 4qg

et |

MG TATA T WRTTE "

G B

hf
1."1 T RFANE FOR FILE" . TF

Bos WO IF O e MW THEM KD = M

OFEH 1101 "MILEAGE"

FRIMTH#L, TE FRIMTH#L K

b= 1l o= MUIF Moo= M THEMW 258
FREIHT" - OHLY THE |._I""T".-|'1I'l~""r:l LJES!

= T
PRX A

ha oo R,

HOFREINTY Wikl BE MRITTEH"
GEKD = MePbAL
953 PRIMT"WRITIMG TAFE FILE: ".7T#

ey

FRIMT"  RECORDS #".

FOR T o= ko TO L

A FRIMTH#HLDECTS
FRIMTH#HL 0T

FRIMTHL,GOID

98 PRIMT T HEXT (FRIMNT

19868 CLOSE 1:F$E = "2":RE = "3"

1818 FRIMT G0SUR :”ﬁu GOTO Zag

11898 IF W > &8 THEH 11328

1118 FPRIMT FREIWNT"## HOT EMOUGH DATH #$if"

1128 GOSUR 2284 G0T0 2B

1138 MOLy = G:FOR J = 2 TOH

1158 IF GOJ2» 2 @ THEM 1178

1168 MOTy = @G0T 1128

1178 R = CDCIs=D0J~100,G0T2

1180 MOT) = RUIF R <2 & THEM MOJ: = @

115989 MEAT W = ~11:L = @&

1296 k = k+l2:L = L +12

1218 IF L > W THEHW L = H

1220 PRIMT CHREEC147

1238 PRIMT"DATE ODOMETER" S

1248 PRIMT TABCLS:"GALLOMS MFS"

1856 FOR J = K TO L@ = D0CJ>

1268 GOSUR 4899

1270 IF G > 9293% THEM @ = 35233

izad GOSUR 4199

1290 FPRIMT DECINITABCLI3-TH 0

1388 8 =GCJ)  GOSUER 4898

1318 IF @ > 233 THEM @ = 223

S
=} 1
=

N3 L8
o
=
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GOSUE 41806
FRIMT TRBLEG-THi@;
GUo= MOTY DGOSUR 4998

IF Y 3 333 THEMW @ SED

GOSUE 4188

PRIMT TRECZT-T; G0 HEST

FRIWT:IF L < M THEM 1418

1328 PRIMT"HIT AMY KEY FOR COMMAMD MODE"
148@ GOSUE Z220:G0T0 Ze9

1418 PRIMT"HIT AMY KEY TO COMTIHUE"
14288 GOSUE 222806070 1288

1988 RE = "READIMG" 130SUE 3066

1968 OFEM 1,1,8, "MILEAGE"

1578 PRIMT: ITHFUTH#1, T#

1538 FPRIMT"READIMG FILE: ";T¥#

1528 THFUTHL . H

180@ IF M <= MR THEM 1&48

1618 PRIMT

1628 PRIMT"##& TOO MAMY RECORDE OMH TAFE #"
1838 FOSUR 2880 EMD

1848 FRIMT"REATIMG RECORDS # "

1658 FOR T = 1 TO H

1EEE THFUTHL DECTD

1658 THPUTHL. DT

1564 THRUTHL . GOT?

1EVE PRIMT J, tHEXT (CLOsE 1

1688 FRIMTPRINT:FE = "2":'RE = "I
GOESUE G GOTO e

EHT

FOR @ = 1 T2 2008 HE-T

RETLUIRH

FRIMT

FEIMT"1-FOSITION THE TAPE FIR ".RE#
RETURE

FRINT P&, "-FRESS THE RECORDER S STOP KEY"
FREIMT E#;"-FREST AMY EEYBORRD KEYY
GET R#

IF RE = """ THEM 2226

3 RETLIRM

BEE Qo= QMlEeg. 3R o= TMTORN A1

4018 RETURM

41@6 IF & 2R THEM T = 3:RETURM
4116 IF & 2 233 THEM T = 4:RETURHN

4128 IF & > 22 THEM T = Z:RETURH

4138 IF & 2 % THEM T = 2'RETURM

4148 T = 1:'RETURH

READY.
EASY CHANGES

1. Changing the value of MR in line 160 alters the maximum
number of data records that the program allows. You may

e
DY L0 G DY L0 L &
0) )Ty O G

Q& D& oD &

G P T oy o= T O G D
S RIOQ@IEIIIIED

PARGROEN RO N
3 EYPI LRI PG D ) & 0D T

L
it
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need to make MR larger to accommodate additional data.
To adjust MR, simply change its value in line 160 from its
current value of 20 to whatever you choose.

Currently, the program will write a maximum of fifteen data
records during the cassette write operation. This number can
be altered by changing the value of MW in line 150 from its
value of fifteen to whatever you choose. Only the most re-
cent MW records will be written to tape if MW is less than
the number of available records when a cassette write is is-
sued. If the number of available records is less than MW,
then all the records will be written. The value of MW should
not be larger than the value of MR.

If you do not care about seeing the dates, they can be re-
moved easily. This saves a little typing on data entry. To
remove this feature, delete line 460 entirely and change line

490 to read
490 N=N+ 1:PRINT:R§ =“————- »

MAIN ROUTINES

140- 180 Dimensioning and variable initialization.
200- 330 Command mode. Displays available subroutines.
400- 690 Accepts terminal input.
800-1010 Writes data to the cassette unit.
1100-1420 Calculates mileage and displays all information.
1500-1690 Reads data from the cassette unit.
1800 Terminates execution.
2000-2500 Delay loop.
3000-3240 Displays messages for cassette operation.
4000-4010 Numerical rounding subroutine.
4100-4140 Sets TAB arguments for printing.

MAIN VARIABLES

MW Maximum number of data records to write.
MR Maximum number of data records in memory.
N Current number of data records in memory.
D$ Array of dates.

D Array of odometer readings.

G Array of gallons per fill-up.

M Array of mileage per fill-up.

R Command mode input.

P$,R$ Temporary string variables.
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T$ Data file name used in reading or writing with
cassette.

J Work variable, loop index.

K,L Loop bounds.

Q Work variable.

T TAB argument decrement.

SUGGESTED PROJECTS

1.

Calculate and print the average MPG over the whole data
file. The total miles driven is D(N) — D(1). The total gallons
used is the sum of G(J) for J=2 to N. This calculation can
be done at the end of the DISPLAY MILEAGE subroutine.
Programming should be done between lines 1370 and 1380.
Allow the user the option to write to cassette only the entries
since a certain date. Ask which date and search the D$ array
for it. Then set MW to the appropriate number of records to
write. These changes are to be made at and after line 800 at
the beginning of the subroutine to write on cassette.

Add a new command option to verify a data file just written
to cassette. It would read the tape and compare it to the data
already in memory.

Add an option to do statistical calculations over a given sub-
set of the data. The operator inputs a beginning and ending
date. He is then shown things like average MPG, total miles
driven, total gallons purchased, etc.; all computed only over
the range requested.

Write a subroutine to graphically display MPG. A bar graph
might work well.

Add a new parameter in each data record — the cost of each
fill-up. Then compute things like the total cost of gasoline,
miles/dollar, etc.



QUEST/EXAM

PURPOSE

If you’ve ever had to analyze the results of a questionnaire, or
grade a multiple-choice examination, you know what a tedious
and time-consuming process it can be. This is particularly true if
you need to accumulate statistics for each question showing how
many people responded with each possible answer.

With this program, you provide the data, and the computer
does the work.

HOW TO USE IT

As currently set up, the program assumes that the question-
naire or exam has 15 questions, that there are four choices per
question, and that there are no more than 20 entries (exam
papers). If you wish, these limits can be increased. See the Easy
Changes section for details.

To start off, the program asks you for the answer key. If you
are scoring an exam, provide the correct answers. The program
displays “guide numbers” to help you keep track of which
answers you are providing. If you are analyzing a questionnaire,
you have no answer key, so just press the RETURN key.

Now the program asks you to begin providing the answers for
each entry. Again, guide numbers are displayed above the area
where you are to enter the data so you can more easily provide
the proper answer for the proper question number. If no answer
was given for a particular question, leave a blank space. How-
ever, if the first question was left blank, you will have to enclose
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the entire string of answers within quotation marks. This will
cause a small problem in keeping your alignment straight with
the guide numbers, but you’ll get used to it.

If you make a mistake when entering the data, the program
will tell you and ask you to re-enter it. This is most commonly
caused by either failing to enter the correct number of answers
or entering an invalid character instead of an acceptable answer
number. Remember that each answer must be either a blank or a
number from one to the number of choices allowed per
question.

By the way, you can avoid entering blanks for unanswered
questions. Suppose you have a maximum of 5 possible answers
per question. Simply tell the program there are 6 choices per
question. Then, when a question is unanswered, you can enter a
6 instead of leaving it blank.

If you provided an answer key, the program displays the num-
ber and percentage correct after each entry before going on to
ask for the next one. When you have no more entries, press the
RETURN key instead of entering a string of answers.

At this point, the program displays four options from which
you choose your next action. Here are brief explanations. You
can experiment to verify how they work.

Option one lets you analyze each question, to see how many
people responded with each answer. The percentage of people
who responded with each answer is also shown. In the case of an
exam, the correct answer is indicated with the letter “C” to the
right.

Option two allows you to go back and provide more entries.
This allows you to pause after entering part of the data, do some
analysis of what you have entered so far, and then go back and
continue entering data.

Option three lets you review what you have entered, including
the answer key. This permits you to check for duplicate,
omitted, or erroneous entries.

Option four ends the program.
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SAMPLE RUN

QUESTIOMAIRE /EXAM AMALYZER
ENTER ﬁﬂSHIg KEY OR PRESS RETURM

1234567890812345
? 123313244121134

EMTRY MUMBEK 1|
12345678981234%
.

The operator provides the answer key for the examination being scored.
The program waits for the data from the first examination paper.

QUESTIONAIRE /EXAN ANAL YZER
ENTER ﬂNSH(g KEY OF PRESS RETURN

1234567896
7 12331324

ENTRY MUHB

EELEELT PERCENT

ENTRY NUMB
123456789
2?0

The answers are entered for the first student. The program responds
with the number and percentage correct.
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Later, instead of providing data for a ninth student, the operator
presses the RETURN key, indicating that there are no more entries. The
program displays the overall percentage correct, and displays a menu of
choices. The operator will pick option 1.

The program provides an analysis of the responses for question number
one, then waits for a key to be pressed. Note that seven students
answered with number 1, the correct answer.
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Later, the operator asks for option 3, which lists the data entered for
each of the students.

PROGRAM LISTING

RERADY .

198
118
111
112
128
136
148
1568
1&a8

SRR
]

REM: RUESTIOHATIREEXAM
REM: COFYRIGHT 12873
REM: TOM RUGE, PHIL FELIMAM. FAHD
REM: MWESTERM SYITEMS GROUF
CLRE:FRINT CHREEC147 0
FRIMT"AIESTIOMAIREEXAM AMALYZER"
Ef = "E
o= 15 4:H = 26

DIM QECHD L COC

FREIMT

FRIMT'"EMTER AMSHER EEY QR FRESS RETURH"
GIUSUE 2098 CF = RIGHTECITREOC .12

IMFUT A% IF LEMCAZ) = B THEH 348

1 IF LEMCAE: <> 3 THEH FRIMT E£:G07T0 2598
TE = [AE:GOSUE 29590

IF T# = "RB" THEM FRINT E£:50T0 258
ko=

R = B:FRIMT:FRIMT"EMTRY HUMBER".K

) COELE S

THPUT GECKI W = LEMCRECK:)

IR RE-EMTER. " :FE = "PRESS A KEY"
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B8 IF W o= 8 THEM 599

2@ OIF W C R THEMW FRINT E#:30T0 358

4688 TE = CECKDEO0SUER S50

4835 IF T4 = "B" THEM FRIMT E£:0307T0 350

38 IF LEMCAED = @ THEM 489

G4 FOR T = | TO R

458 IF MIDECAE, T, 10 = MIDFCRFCK . T, 10 THEM R = R+l
G50 MERT

478 TR = TR+R:FRIMT R "CORRECT. "

FRIWNT R#188/60 "PERCEHMT"

Boo= ka1 IF K = M THEM 350

ko= E~1:1IF LEMCAE) = @ THEM 328

PRIMT"AVERACE =" TR$18G/ (R "FERCEHT"

GOTO 260

FOR T = 1 TO R = @:FRINT

FRIMT"AMALYSIS FOR GUESTIOM ML "I
FRIMT"RESFOMSE COUMT  PERCEMT"

FOR L= 8 T Coooly = @HEST M = @
FOR L= 1 TO E:TH = MIDFOQECL, T, 10
Wom WRLCTEY D0 = DO+ T HERT

FOR L= 1 TO CIFRIMT LiTRECLLY,
FRINT ColLos TARBCLED JCOL a1 GE 1

IF LEMCAE) = 8 THEM PRINT GOTO SE@

T# = RIGHTECSTRECLD. LY

IF TE = MIDECAE, T, 10 THEM FRIMT"C" DGOTO @Eg
FRIMT

MEST PRIMT"BLAME" S TRECLL 35 CO0@D TREC LS
FRIMT COEL#18as 8 PRINT PE

GET WE: IF Hg = "" THEM &30

MEXT J:EITD 2E8

L= @605 200 IF LEMCRE) = & THEW 79

by
L4}

Ay

i3l

SNGIGO R H O nHaaaadaaan s

SR L QRSO N AA L QR I H UGS SR DO

RERAEIUIT2IIIIIIIAZIISD

V1@ PRIMT TRECZ)AF " ——pEY"

vER FOR J =1 70 K

V3B PRIMT TAEBCZGRECTIN " ——MD" 5T
T4E PRIMT

vEE L o= L+1:IF L 4 18 THEM 7@
el L= 8:FRIMT FE

TEE OCET WEIF HME = "M THEM 770

TEE WEST :PRIMT F#

VI GET HWE:IF HWE = "" THEM FI3E
868 GOTO 260

258 FOR J = 1 70 LEMCTE?

893 IF MIDECTE, J.10 "N THEM
Sed IF MIDECTE.T. L "1t THEHM
a63 IF MIDECTE.T. 10 » OF THEM 580

SV HEAT :RETURH

S8 T = "B RETURH

SR8 W= AA1E0IF WD 1 THEW 3268

218 FOR T = 1 TO WPRIMT TRECI#18 ;.0 tHEST (FPRIMT
SEZE PRIMT TRAELE».

S i

"
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FOR T = 1 TO GTE = STRFCTD

FRIMT MIDECTELEMCTE, 10 tHEST FRIMT (RETURM
FRIMT: FRIMT"HEST ACTION:"

FRINT"1 ~ AHALYZE QUESTIOMS"

FRIMNT"Z - ADD MORE EMTEIES"

FRIMT"3® — REMIEW DATA EMTERED"

B PRIWMT"4 -~ EWD FROGREAM"

B OIMFUT T#:TE = LEFTFIT#.12

BOIF TE <2 "1 DR T X o"4" THEM 1876
B0 NALCTEY GOTO D36, 45, Fee, 1181
B OFRIMT EF:GOTD 268

B EMD

.

EASY CHANGES

1.

You can allow for more questions per exam, more choices
per question, and more students (or questionnaire
respondents). For example, to allow for 25 questions, five
choices per question, and 40 students, make this change:

150 Q=25:C=5:N=40

MAIN ROUTINES

120- 140 Initializes variables.
150- 160 Sets limits for questions, choices, and entries.

Allocates arrays.

250- 320 Gets answer key (if any) from operator.

330- 335 Checks legality of answer key.

350- 400 Gets exam data for Kth entry.

430- 475 Scores Kth exam, if applicable.

500- 510 Displays average score, if an exam.

530- 690 Analyzes responses to each question.

700- 800 Displays data entered.

850- 880 Subroutine to check legality of input data.

900- 940 Subroutine to display guide numbers over input

data area.

960-1100 Displays choices for next action. Gets response and

goes to appropriate routine.
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MAIN VARIABLES

E$
P$
Q
C
C

N
Qs
A%
C$
K
R
W

Error message.

Message about pressing a key to continue.
Number of questions.

Number of choices per question.

Array for tallying number of people responding
with each choice.

Maximum number of entries.

Array of N strings of entries.

Answer key string (null if not an exam).
String value of highest legal answer choice.
Counter of number of exams scored.

Number of questions answered right (if exam).
Work variable.

J,LM Loop variables.

TR
TS

Total right for all entries.
Temporary work string variable.

SUGGESTED PROJECTS

1.

Add an option to change the answer key after the data for
the exams is entered. This would be useful in case a mistake
is found when reviewing the data.

Add an option to allow the operator to re-score each of the
exams after all are entered, in case some were overlooked at
the time of entry.

Combine some of the capabilities of the STATS program
with this one.

Allow the operator to enter a name for each exam paper.
This will make it easier to review which person’s exam has
been entered when option three is used.



SORTLIST

PURPOSE

This program sorts a list of items (words or phrases) into
alphabetical order. This is a tedious task to do manually, but
your computer can do it in seconds. All you need to do is type in
the list of items that need to be sorted.

HOW TO USE IT

Simply type in the list of items that you want sorted, pressing
RETURN after each one. An item does not have to be single
word. You can have embedded spaces, but not commas or co-
lons (unless the entire item is enclosed in quotation marks).

When done with your list, type the word END and press
RETURN. The program then tells you how many items were en-
tered and begins displaying them in sorted (alphabetical) order.
If you have more than 14 items, you will want to use the Com-
modore 64’s capability to stop scrolling the display by pressing
STOP/RUN. This will stop the program before the first items
disappear from the screen. Then you can let the list continue by
typing CONT followed by RETURN. If you do not stop the list
quickly enough, you can type GOTO 500 after the program ends
to display the list again. You may also want to try the Easy
Change below that puts more than one item on each line of the
display.

This program sorts string data. This means that you can also
enter numeric data, but it will not sort numerically the way you
probably would want. For example, if you entered the numbers
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1, 2, 13, and 20, they would be sorted into the sequence 1, 13, 2,
20. The number 13 is sorted ahead of 2 because the first position
gets sorted “alphabetically,” and 1 comes ahead of 2.

You may find this program useful as shown, or you may want
to make use of the technique it uses as part of a larger program.
The sorting technique used is called a straight selection sort (see
the book by Knuth in the bibliography). It has the advantages of
being very simply programmed and executing quite quickly for
small lists — no more than 30 to 50 or so. This program typically
takes about four to seven seconds to sort 30 items, and about
eight to thirteen seconds for 40 items, depending on the length
and initial sequence of the items.

SAMPLE RUN

% SORT A LIST =»
E

™
Nt -

m:ongn:'ﬂ: -

.

L]
9
£
1
2
3
3
9
6
7
8
k]

XD=

TN NN VO
DOOO—MM

XODXT

The operator enters eight names, and END to end the entry list.
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~

e MNX
m
=0

XD=—
VI =

~

DRVOO—MmM

X0DXT

D
4
2
i
2
? MC
?
2
?
?
1

A3

ﬁg::’!cﬁb—l
DOVOODIITOMMDONO

3
|
9
6
7
8
]
8
i
2
3
i
3
6
7
8

WPRCOAVCDO

The program displays the alphabetized list, and then ends.

PROGRAM LISTING
REFADY .

198 REM: ZORT A LIST

1@ REM: COPYRIGHT 1883

111 REM: TOM RUGG, PHIL FELDMAM. AMD
112 REM: WESTERH SYSTEMES GROUP

138 CLE

148 M = SEEF = "EMD"

15@ DIM AFCHD  GOSUE &8

168 K = 1

17@ IF K > W THEM 2358

1 ?5 ﬁ:g o nn .

186 PRIMT K IMPUT RE:IF RE = "" THEM 159
185 IF RE = Ef THEM 258

20@ FECKD = REK = K+1:60T0 LVER

@ K o= K~1tIF K > 8 THEM 3898

REE PRIMT"## MO IMFUT TO SORT #"
27E G070 1Ee

A FRIMT K "ITEMES EMTERED. "

AE@ OIF K o= 1 THEM 588
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6@ FOR J = K TO 2 &
37 RE = ASCLNIF = 1
BEB OFOR L= 2 TO J

30 IF AFCLY > RE THEM RE = ALY F = L
488 MHEAT 'A%CF) = AECIIIAFCT) = RE

418 HEAT

Se8 FOR J = | TO K

D16 FRIMT JiTREC4D iRFCTD

S5&8 MHEST

558 EMD

G868 PRIMT CHREEC147)

GlE FRIMT"##% SORT A LIST ##"

E28 FRIMT

&3 PRIMT"EMTER EACH ITEM."

et FRIMT MO "ITEMS MASIMUIM, "

E58 PRIMT" ".EE;"" TO COMFLETE THE LIST."
&60 RETURM

READY .

EASY CHANGES

1. Some simple changes can allow the program to handle more
data. You can allow for up to 100 items, where the average
item is no more than nine or ten characters long, by making
this change:

140 N=100:E$ = “END”
You can have up to about 800 items of the same length with:
140 N =800:E$ = “END”

Be aware that 100 items may take 40 to 60 seconds or more
to sort, and 800 will take more than simply eight times that.
2. If you want to sort numbers instead of alphabetic data,
make these changes:
a. Delete the dollar signs in lines 150, 200, 370, 390, 400,
and 510.
b. Insert this line:
195 R=VAL(RS)
c. Change the title, if you wish. For example, replace
“ITEM?” in line 630 with “NUMBER,” and “ITEMS” in
640 with “NUMBERS.”
3. To reduce the problem of getting only 14 to 16 items on the
screen at once, you can try one of these changes:

510 PRINT J;A$(J);“/”;
or
510 PRINT A$(J);“/”;
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This will print multiple items separated by slashes on each
line. The second change will also eliminate the item number
from the display. Of course, you can separate the items with
some character other than a slash if you like.

To use some word other than END to indicate the end of the
list of items, change line 140. For example, to use DONE:

140 N =50:E$ = “DONE”
To slow down the display of the sorted list, you can insert:
515 FOR L=1 TO 200:NEXT

MAIN ROUTINES

130-150 Initializes variables. Displays instructions.
160-300 Inputs items to be sorted.

350-410 Sorts items alphabetically.

500-550 Displays sorted items and ends program.
600-660 Subroutine to display title and instructions.

MAIN VARIABLES

N Maximum number of items that can be entered.
ES$ Word to end entry of items.

AS$ Array of items to be sorted (in place).

K Count of number of items actually entered.

RS Reply from operator. Also a work string variable.
J,L,F Work and subscript variables.

SUGGESTED PROJECTS

1.

Replace the sorting technique with one that is more efficient
for large numbers of items. Knuth’s and Gruenberger’s
books (see bibliography) both have discussions of
alternatives.

Give the program the capability to add or change some items
after the list has been sorted.

Add an option to allow the sorted list to be saved on cassette
so it can be loaded into another program when needed.
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Section 2

Educational Programs

INTRODUCTION TO EDUCATION PROGRAMS

Education is one area where computers are certain to have
more and more impact. Though a computer cannot completely
replace a human teacher, the machine does have certain advan-
tages. It is ready anytime you are, allows you to go at your own
pace, handles rote drill effortlessly, and is devoid of any person-
ality conflicts.

With a good software library, the Commodore 64 can be a
valuable learning center in the school or at home. Here are seven
programs to get you started.

Mathematics is certainly a “natural” subject for computers.
NUMBERS is designed for pre-school children. While familiar-
izing youngsters with computers, it provides an entertaining way
for them to learn numbers and elementary counting. ARITH-
METIC is aimed at older, grade school students. It provides drill
in various kinds of math problems. The child can adjust the dif-
ficulty factors, allowing the program to be useful for several
years.

By no means is the Commodore 64 restricted to mathematical
disciplines. We include two programs designed to improve your
word skills. VOCAB will help you expand your vocabulary.
TACHIST turns the computer into a reading clinic, helping you
to improve your reading speed.

With the proper programs, the computer can teach you
specific subjects. If you’ve ever wanted to learn International
Radio Code, HAMCODE will instruct and then drill you. Many
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of us feel uncomfortable becoming familiar with the increasingly
prevalent metric system. METRIC is the answer to this.

But, what about software that you can customize to help you
learn a subject of your choice? FLASHCARD allows you to
create your own “computer flashcards.” Then you can drill your-
self until you get it right.



ARITHMETIC

PURPOSE

ARITHMETIC provides mathematics drills for grade school
children. The student can request problems in addition, subtrac-
tion, or multiplication from the program. Also, he or she may
ask that the problems be easy, medium, or hard. The program
should be useful to a child over an extended period of time. He
can progress naturally to a harder category of problems when he
begins to regularly perform well at one level. The difficulty and
types of problems encompass those normally encountered by
school children between the ages of six and ten.

The problems are constructed randomly within the constraints
imposed by the degree of difficulty selected. This gives the stu-
dent fresh practice each time the program is used. After entering
answers, he is told whether he was right or wrong. The correct
answers are also displayed.

HOW TO USE IT

First, the student must indicate what type of problem he
wishes to do. The program requests an input of 1, 2, or 3 to in-
dicate addition, subtraction, or multiplication, respectively. It
then asks whether easy, medium, or hard problems are desired.
Again an input of 1, 2, or 3 is required.

Now the screen will clear and four problems of the des1red
type will be displayed. The user now begins to enter his answers
to each problem.
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A question mark is used to prompt the user for each digit of
the answer, one digit at a time. This is done moving right to left,
the way arithmetic problems are naturally solved.

To start each problem, the question mark will appear in the
spot for the rightmost (or units column) digit of the answer.
When the key for a digit from 0-9 is pressed, that digit will
replace the question mark on the screen. The question mark
moves to the immediate left waiting for a digit for the “tens”
column.

Digits are entered in this right to left manner until the com-
plete answer has been input. Then the RETURN key must be
pressed. This will end the answer to the current problem and
move the question mark to begin the answer for the next
question.

If the RETURN key is pressed to begin a problem, an answer
of zero is assumed intended. No problems created by this pro-
gram have answers of more than three digits. If a four-digit
answer is given, the program will accept the answer, but then go
immediately to the next problem. Answers to the problems are
never negative.

The program will display the correct answers to the four prob-
lems on the screen after the student has entered his four answers.
The message “RIGHT!” or “WRONG!” will also be displayed
below each problem.

Then the message “HIT ANY KEY TO CONTINUE” will be
displayed. After the key is pressed, a new set of four problems of
the same type will be presented.

This continues until twenty problems have been worked. The
program then shows what the student’s performance has been.
This is expressed as the number of problems solved correctly and
also as the percentage of problems solved correctly.
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SAMPLE RUN

WHAT TYPE OF PROBLEM SHALL WE D0?

The operator chooses to do hard addition problems.

19 48
+ 54 + 96

The initial set of 4 problems is presented. With a question mark, the
program prompts the operator for the answer to the first problem.
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73

ANSHERS
147 73 138
RIGHT' :0LfHM RIGHT' RIGHT!'

HIT AMY KEY TO CONTINMUE

The operator has entered his or her four answers. The program displays
the correct answers and indicates whether or not each problem was
solved correctly. The program waits for the operator to hit any key in
order to continue with the next set of four problems.

PROGRAM LISTING

READY.

1989 REM: ARITHMETIC

119 REM: COPYRIGHT 1382

111 REM: PHIL FELDMAM, TOM RUGG, AMD

112 REM: WESTERM SYSTEMZ GROUF

148 5 = 1024

158 WD=@:R=FRHDC~TI2

1656 DIM ACEl  Bodn, Codh Gods

178 HF=EEG

188 GOSUE 218

288 PRIMTFRIMT

285 PRIMT"WHAT TYFE OF FROBLEM SHALL MWE DOT" FRIMT
218 PRIMT TAECSL."1 - ADDITIOH!

228 PRIMNT TRECS"E ~ SUBTRACTIOM"

ZEE PRIMT TABCSI "D -~ MULTIPLICATION!

248 FRIMT:FRIMT"WHICH TYFE 71, 2. OR 3 7"
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GET REE: TaVALCREY CIF Tl OR TH3 THEM 258
J PRIMT CHREEC1ISF " -"T
FRIMT (FOR J=1 T BRCPRIMNT"="0 MEST
P FPRINT FRIMT O PRIMT"MHAT KIMD SHALL WE DO?"
HOFRIMT: PFIHT TRECDY "L~ EASY FROBLEMS"
FRIMT 7 datE - MEDIUM PROBLEME"
FRINT '"- - HHP FROBLEMS"
5 FPIHTi“ 'l PO W] A DO
E £ DeE THEM 328

W T —“m“l TU -'3~
I LV WO i DR s

.. "IJ-IF" ’Hl AR

-1 I"'f"l"'l"l =T

FEST 1 OR FII-'w‘i TO2GET RS MEET
PEIMT PRIMTOPRINTHIT ARY KEY T COMTIHUE"
FrZ:’k“-!IF’ F:.."-"r'--”w"" "OTHEM

ki ~¢'~ h]"' HF‘ THEM 3 EOSLECGOTD BT
1R

APt ] FOR s
B GO I]:‘ Zl

1T0 18 GET RE:MERT

THEM S22

300 ¢ M=ty < M=t 8
THEH RETURN

O
v, P RETURH

B TAEL LB ) CHRES L8
ME T I CURETURH

(IR B THTCRHII L el 1 el
S NEWT : RETURN
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IR OFOR K=l TO o BOR D IHTORMIOL D CH-A 10 DL

RETURN
RETLIRH

H=2% =1 RETURM
3 oOM T CioTn 1;|uj,.1
AOFOR Tl T A A

FOR J=1 T

_::l | "'.J './L'-c'..:
5 S1E THEM FRIMT
1 PRINT 20Ty GE0EUE 1260
IF T=1 THEM FREIHT CH
IF Te=Z THEM FRIMT CH
1148 IF T=3 THEZM FRIMT CH
115968 IF BOIs<1ld TREM FRIMT O
1168 FRIMT BT CGOSUE 1206 Ol
L1165 FOR =1 T g FRIMT CHEEC LS
1178 MEST RETURM

pulsls FF'IHT lHl'"f 1"'5

5 FOR CFPRETHT R
A FIR Y COPRIHT CHE
SN EY Ny CU TPRIMT CHE
131“ Fim Dl PRIMT CHE

GOl Clm 1 IR AT

IF @ o THEM CL=3
IF AT o3ne THEM Cl=q
GOFOR Bl TO CLOPRIMNT CHEFCLST ) MEET
1ada@d PRIWHT AT RETURM
158 FEUER e FRIMT (FRINT
1518 PREINT"YOU GOT" MR " RICHT
1528 FPRIMT"CUT OF P PROBLEMS
1538 PRSP LS
1335 FPRIMT
1546 PRIMTYTHAT SR " PERCCHT CORREDT  RETUMRMH

e
Dt I e R N ) O e ]

SR e M T e

REATY.

EASY CHANGES

1. The program currently does twenty problems per session.
you can change this number by altering the variable NP in
line 170. For example,

170 NP =12

will cause the program to do only twelve problems per ses-
sion. The value of NP should be kept a positive multiple of
four.
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2. Zero is currently allowed as a possible problem operand. If
you do not wish to allow this, change lines 940 and 950 to
read as follows:

940 H=9:L = 1:RETURN
950 H=99:L =1:RETURN

MAIN ROUTINES

150- 180
200- 330
350- 450
600- 730

800- 870
900

910- 915
920- 935
940- 960
1000-1030
1100-1170
1200-1210
1300-1310

1400-1440
1500-1540

Initializes constants.

Asks operator for type of problems desired.

Sets A, B, C arrays, clears screen.

Mainline routine—displays problems, gets opera-
tor’s answers, displays correct answers and user’s
performance.

Subroutine to get and display user’s answers.
Subroutine to poke byte P into screen position X,Y.
Subroutine to clear screen and display title.
Subroutine to set B,C arrays.

Subroutine to set L,H.

Subroutine to calculate array A from arrays B, C.
Subroutine to display problems.

Subroutine to move cursor to screen position X,Y.
Subroutine to move cursor CO lines down and CL
spaces left.

Subroutine to display the correct answers.
Subroutine to display operator’s performance.

MAIN VARIABLES

NP
ND
NR
C,B,A

N

G
T
D

Number of problems to do in the session.

Number of problems done.

Number of correct answers given.

Arrays of top operand, bottom operand, and cor-
rect answer to each problem.

Operator’s answer to current problem.

Array of operator’s answers.

Type of problems requested (1 =addition, 2= sub-
traction, 3 = multiplication).

Kind of problem requested (1 =easy, 2=medium,
3 =hard).
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H,L Highest, lowest integers to allow as problem
operands.

M Answer column being worked on.

R$ Operator’s input character.

\Y Value of RS.

A ASCII value of RS.

X, Y Horizontal, vertical screen position of cursor.

S Starting address of CRT memory area.

R Work variable.

JLK Loop indices.

P Poke character, also percentage correct.

CuU,CL Number of positions to move cursor up, left.

SUGGESTED PROJECTS

1. Keep track of problems missed and repeat them quickly for
additional practice.

2. No negative operands or answers are currently allowed. Re-
write the problem generation routines and the operator’s
answer routines to allow the possibility of negative answers.

3. The answers are now restricted to three-digit numbers.
However, the program will work fine for four-digit numbers
if the operands of the problems are allowed to be large
enough. Dig into the routines at lines 350-450 and 940-960.
See how they work and then modify them to allow possible
four-digit answers.

4. The operator cannot currently correct any mistakes he
makes while typing in his answers. Modify the program to
allow him to do so.

5. Modify the program to allow problems in division.



FLASHCARD

PURPOSE

There are certain things that the human mind is capable of
learning only through repetition. Not many people can remem-
ber the multiplication tables after their first exposure, for exam-
ple. The same applies to learning the vocabulary of a foreign
language, the capital cities of the fifty states, or famous dates in
history. The best way to learn them is to simply review them over
and over until you have them memorized.

A common technique for doing this involves the use of flash-
cards. You write one half of the two related pieces of informa-
tion on one side of a card, and the other half on the other side.
After creating a set of these cards, you can drill yourself on them
over and over until you always remember what’s on the other
side of each card.

But why waste precious natural resources by using cards? Use
your computer instead. This program lets you create flashcards,
drill using them, and save them on cassette tape for later review.

HOW TO USE IT

The program gives you seven options. The first time you run
it, youw’ll want to enter new flashcards, so you should reply with
number 1.

To create the cards, the program asks you for each side of
each flashcard, one at a time. First enter side one of the first
card, and so on. As you enter the data, be careful not to use any
commas or colons unless the entire expression is enclosed in
quotation marks.
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At any time, you can enter the keyword “*BACK” instead of
side one to correct an erroneous entry. This causes the program
to back up and ask you for the previous card again.

As the program is currently written, you must enter at least
five flashcards, and no more than twenty-five. We will show you
how to change these limits in the “Easy Changes” section.

When you have entered all the flashcards you want, enter
“*END” instead of side one of the next card. This puts the pro-
gram back into “command” mode to ask you what to do next. If
you want to quiz yourself on the cards you just entered, respond
with the number 4.

The program flashes one side of one card on the screen for
you. Both are chosen at random —the side and the card. Your
job is to respond with the other side. If you enter it correctly, the
program says “RIGHT!” If not, it tells you the correct response.
In either event, the program continues by picking another side
and card at random. This continues until you respond with
“*END”, which tells the program you do not want to drill any
more. It will then tell you how many you got right out of the
number you attempted, as well as the percentage, and then
return to command mode.

During the drill sequence, by the way, the program will not
repeat a card that was used in the previous two questions (i.e.,
one less than the minimum number of cards you can enter).

To save a set of flashcards on cassette, use option number 3.
The program will tell you to put the cassette into position and
then enter a name for the file. You should give it a good descrip-
tive name in order to remember what kind of flashcards they are
in the future. Be sure to write the name on the cassette, too.
After the flashcards have been copied to the cassette, the pro-
gram will say “DONE” and return to the command mode.

The other commands are easily understood, so we will just ex-
plain them briefly. A little experimentation will show you how
they work.

Command number 2 is used to load a flashcard tape that has
been previously saved. The program asks for the name of the
file, so it can scan the cassette until it finds the one you asked
for. If you don’t care or don’t know the name of the file, you can
load the first file that is found on the cassette by entering a null
string for the name (two consecutive double quote marks).
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Command number 5 lets you verify that the set of flashcards
just saved on tape is okay. You do not have to enter the name
of the file—the same name is used that was used to save the file.

Command number 6 ends the program.

Command number 7 allows you to add more flashcards to
those currently in memory.

SAMPLE RUN

%xx% FLASHCARD PROGRAM suwx
-~ -OPTIOMS- -

The program begins by showing a menu of options. The operator selects
option 1 to start entering the front and back of the flash cards.
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— —

ry
S
2
S
2
S
?
S
?

XO MFO=D MO
mm D>MXIM r~mI

---OPTIONS---

|

The operator responds with *END after he has entered five cards. He
then selects option 4 to start the drill on the current set.

7 -- ADD TO CURREMT CARDS

O v
-t

RD AS 1 SHOW IT.

1S

T
?
R
T
?
RI
E
?
L}
T
T
2

The operator gets the first two answers right, but misses the third. The
program responds by giving the correct answer.
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2 RIGHT OUT OF 3
66.6666667 PER CENT

---0PTIONS---

The operator ends the drill and the program shows the number and
percentage of correctly answered questions. The options for continuing
are displayed and the program waits for the operator’s choice.

PROGRAM LISTING
FEFTN .

rl M HL‘HT'T‘

EIRNA]

YN OIS A ¢ FELRD
EMDY THEM 2
VHERFCK THEM

d €
I 'T‘Hl.,n DTG L DT 2
T THFUAT E
FOk, Do EACK THEM 227

(G IF"FT-’r VT
STE FRIMT
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bomhid D TF ko=l THEM 296

B FRIMT"THAT-Z FALL THERE-Z ROOM FOR, "
FRIMT FRIMT H=k-1 G070 29658

3 IF WPl THIEM S18

I PREIMT"THAT S OMLY" SR "CARDES, MIMIMUM I5"5M

GOTO 2989

FOPRIMT CPREINT"TELL ME MHATCS 0OM THE"

FREIMT"OTHER SIDE OF EACH CRERED AS T SHOM IT."

F FREIMT

G R IHT CRmEMT L o+l

FOR T=E TO M2

IF FPodo=R THEW S8

VO HE-

JwBEDO L T TS THER 428

FRINT FEoRy  CF=RE0RD

GOTO <438

FREIMT BECRDI CE=FEORD

THFUT R

iF LEFTECREF, 40="%EHD" THEH &8

4508 FRIMT

GEE TF REs=Cg THEM SEE

47VE FRIMTHO, THE CORRECT RESPOMIE I3

o8 PRIMT Cf

S u H+1 COTD Sad

SEe HT"P;!HT'“

r.
Lo

5]
5
5]
5]

PR RS Rl

BB R
=

. 1 596
PnTﬁ szl
IF Bl THEM 1S

FRIMT CFRIMTUFUT CRSSETTE IMTO POSITION, " PRIMT
IMPUT"HAME FOR FILE".RE$

OFEM Faola L RE

o e Tn H

PP;H HF L FECTD PRIMTHD VBECT Y

P R R

{1

X

v HT rr'm. Rh el
SEE ME=RE

SR GOTO S

."n";"a PQIHTPPIHT"WEPU )
! PRIMT"THEM FR o KEY
CET [r_'ﬁ' IF Rt THEN 909
DFER Pl a8, ME

E==g FOR T=1 TR

i ITMPLUTHT R IF S8 BT ST THEM 1ESE
THFUTHT . T

H FMERAD OF FILEy
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SES FREINT R "-"0TE

2¥EIF Gw AR 'T THEM 18

SEE IF RECIFECTY DR TEOBECTIY THEM E=1
REE MEAT

1@ge CL2SE 7

1618 PRIHTiF:I?T"WCHE"
1@ IF E=g THEM PRIMT"G. R DGOTO SEEE
ZOFRIMT"MOD GROTY G0TO 2098

G OTHFUTUHAME OF TAPE FILE".M#

FE PRIMTFRINT"FUT TRFE IMTT POSITION
28 PRIMT"THEHM FRESS AMNY KEY."

GET RE:IF Pﬁ—"" THEHW 1153a

OOOFER T.1. 8 HE

5 I N T Ll R W

THFUTH#Y ., R

: IF &4 AMD BT THCEH 1239

1'4” IMPUTHT, TF

1858 FRIMT RE"-",TF

1276 FEOK=RE BERI=TF

1286 K=k+10IF ROL THEM 1224

1258 E=k-1  PRIMTPRIMTLOADEL" J KL "CARDE"
1EEE CLOSE 7

1318 FRIMT:GOTO ZBEo

1388 FRIMT

1535 IF Cabl=E THEM RETURM

1518 FRIMT COURIGHT OUT OF".C+

1528 PRIMTPRINT CH188, 00+ "PER CEMT"
1538 PRIMT

15948 RETURM

1588 FRIMNTFRIMT"HO CARDE YWET"

1818 GOTD 2909

2988 FRIMT PRINT"——~0FTIOHS~—" FRIMT
2618 PRIMT" - EMTER HEW FLASHCARDES"

2pza PRIMT" ~~ LOAD A FLHSHCHRD TAFE"
ZHE3E PRIMT" -~ SAVE CURREMT SET-OH TAFE"
2848 PRIMT" DRILL oM CURREMT SET"
2656 PRINT® - WERIFY FLASHCZARDE OM TAFPE"
ZBER PRIMT" -— EHMD PROGEAM"

2855 FRIMT" - AL TO CURREMT CARDS"
2878 PRIMT: IHPUT R%

2850 IF RE="1" THEHM 138

2076 IF RE="2" THEM 1158

2188 IF RE="3" THEM 7B

2118 IF RE="4" THEM Z5@

2120 IF RE="3" THEWM Z0Q

2138 IF RE="&" THEM EMI

2135 IF RE="7" THEM 268

2149 FPRIWMT"ILLEGAL" :GOTO 2008

!

i TS IS AT 08 R
|
i

RERDY.
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EASY CHANGES

1. Change the limits of the number of flashcards that can be
entered by altering line 130. L is the upper limit and M is the
minimum. Do not make M much larger than about ten or
so, or you will slow down the program and use more mem-
ory than you might want.

2. If you want to use some keywords other than “*END” and
“*BACK”, substitute whatever you like in lines 210, 220,
240 and 440. Be sure you use expressions that are the
same length as these two, however. If not, you will also
need to change the last number just before each occurrence
of the expression to correspond with the length.

3. To cause the program to always display side one of the
flashcards (and ask you to respond with side two), insert this
line:

380 GOTO 400
To cause it to always display side two, insert this:
380 GOTO 420

4. To eliminate the “echoing” on the screen of a tape file being
loaded, remove line 1250. To do the same for a tape being
verified, remove line 965.

MAIN ROUTINES

130- 180 Initializes variables. Creates arrays. Displays title
and options.
190- 280 Accepts flashcards entered by operator.
290- 610 Dirills operator on flashcards in memory.
700- 810 Saves flashcards on cassette file.
900-1030 Verifies that flashcards on tape are the same as
those in memory.
1150-1310 Loads flashcards from cassette file into memory.
1500-1540 Subroutine to display number right and attempted
during drill.
1800-1810 Displays error message if operator tries to save
flashcards on cassette before any are entered.
2000-2140 Displays options and analyzes response. Branches
to appropriate routine.
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MAIN VARIABLES

L

TEIOER® X

Upper limit of number of flashcards that can be
entered.

Minimum number of flashcards that can be
entered.

Subscript of random flashcard chosen during drill.
Number of flashcards entered.

Number of wrong responses.

Number of correct responses.

Array containing front side of flashcards (side 1).
Array containing back side of flashcards (side 2).
Array containing subscripts of M —1 previous
flashcards during drill.

Loop and subscript variable.

The correct response during drill.

Response from operator. Also temporary string
variable.

Name of cassette file.

Error flag—set to 1 if error occurs on cassette.
Temporary string variable.

SUGGESTED PROJECTS

1.

Modify the program for use in a classroom environment.
You might want to allow only command 2 to be used (to
load a cassette tape), and then immediately go into “drill”
mode for some fixed number of questions (maybe 20 or 50).
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HAMCODE

PURPOSE

At some time in your life you have undoubtedly heard the
sound of “Morse Code.” The familiar sound of dots and dashes
is one that we have nearly all come in contact with at some time
or other. Amateur radio operators (“hams”) have to learn Morse
code to obtain a license to operate an amateur radio station.

This program helps teach you what is officially called Con-
tinental Code, or sometimes referred to (ambiguously) as the In-
ternational Morse Code, as used for ham radio. This is a little
confusing, since the so-called International Morse Code,
although similar, is not the same as Morse Code, which is still in
use only for some types of land line transmissions. The code that
nearly everyone uses anymore is Continental Code, so we picked
the name HAMCODE for this chapter to try to be most descrip-
tive of its use.

HOW TO USE IT

The program begins by displaying its title and sounding it in
code for you. It then shows you five options to choose from. To
learn the code, you will be selecting different options to enable
you to learn each character and become proficient at under-
standing groups of characters.

The first option teaches you each character. All you do is
press any key on the computer’s keyboard, and the program
sounds the code of that character for you. As the code is
sounded, the dots and dashes for it are displayed to help you
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both visualize and hear the code together. Be sure you have the
sound on your TV set at a comfortable volume for hearing the
code.

It’s up to you to decide which characters you want to learn
first. Most people will find it easiest to learn only a few each day
(maybe three or four), and drill on them until they can be recog-
nized immediately. Then add a few more characters the next
day. Start with the alphabet, then move on to the numbers and
punctuation characters. Keeping each session short is a good
idea— half an hour is about right. Doing two or three short ses-
sions each day is better than doing one long one.

Some keys on the computer keyboard do not have a code
assigned to them. If you press one of the “illegal” keys, a distinc-
tive low beep is sounded to let you know. To end the character-
learning option, press the CLR/HOME key. This causes the five
options to be displayed for you again.

After you have learned a few letters of the alphabet, you may
want to try listening to groups of letters (words or phrases). This
is done with option two. Simply enter one or more characters
and press the RETURN key. The program will respond by
sounding the code of the entire phrase at a rate of about 12
words per minute (five characters comprise an average word).
The Easy Changes section shows how to change the speed, either
faster or slower.

If the phrase has multiple words, they are separated by light
blue blocks on the color video display. As the program is cur-
rently written, you should limit the length of your phrases to no
more than 40 characters. If you want to include any colons or
commas in the phrase, you have to enclose the phrase in quota-
tion marks. To hear a phrase a second time, simply press
RETURN and it will be repeated.

To end option two, enter the word END as your phrase. Once
again, this causes the five options to be displayed.

Once you have learned all the characters, you should try op-
tion three to quiz yourself on them. Option three randomly picks
a character, sounds it for you, and waits for you to press the key
of that character. There is no need to press the RETURN key. If
you press the right key, the program tells you so and picks
another random character.

If you press the wrong key, the program tells you what
character it was and then sounds it for you again. You have to
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respond with the right answer before the program will pick a
new character. This helps reinforce the correct answers. To end
option three, press the CLR/HOME key.

Option four quizzes you on groups of characters which have
been chosen at random. As currently written, groups of five
characters are used, but the Easy Changes section shows how to
make the program use other lengths.

After the five characters are sounded, enter the corresponding
five characters and press the RETURN key. As with option
three, the program tells you if you were right or wrong. If
wrong, it tells you the correct answer and sounds the same
characters for you again to make you enter them correctly. As
with option two, if there are any colons or commas included in
the group of characters, you must enclose the entire group of
characters within quotation marks. And again, if you simply
press the RETURN key, the phrase will be repeated for you.

The last option, option five, ends the program.

A few characters are not included in this program; these will
have to be learned through other means. In all cases but two,
this is because there are no ASCII characters on the keyboard to
correspond with them (e.g., wait, double dash, error). The two
exceptions are the quotation mark and the right parenthesis.

As mentioned above, quotation marks are used by BASIC to
enclose a string of characters being entered by the operator.
Since this would make it very awkward to include the quotation
mark character in the program, and because the other characters
are more important to learn, it has been omitted.

The right and left parenthesis are both supposed to use the
same code. To avoid ambiguity in having you figure out whether
the program was asking for the left or right parenthesis during
the quiz options, we simply decided to treat the right one as an il-
legal character and thereby allow you to always respond with the
left one.

Please be very careful when entering this program into your
computer, especially for lines 3010 through 3130. If you make a
mistake in typing the dots, dashes, commas, and X’s, the pro-
gram either will not work (Out of Data error, most likely), or
you will teach yourself the wrong code! Be sure that you com-
pare your results against the Sample Run photos to be sure that
your codes look the same as ours.
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SAMPLE RUN

("]
o
o
o
b
<
=z

Fenovnl

I.. 0---

PRESS A KEY TO HEAR

A.- E.

The program displays its title (both alphabetically and in code) and
displays its options. The operator picks the first option and begins learn-

ing the vowels.

I.. 0---U..-

E.

]
ﬁ. “12345

PRESS A KEY TO HEAR

(W]

The operator proceeds to option 2, and begins by drilling on some com-

mon short words.
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RieHi '

MHAT CHARACTER 1S THIS -
M -
T CHARACTER IS THIS ?

Next the operator tries option 3, to be quizzed on individual characters.
The first response is correct, but the next is not. The program repeats it
to force the operator to respond correctly before going on to the next
character.

! gmawwh:
REBammS

>
-1

2
N
L
2
R

i o
WAS TH'XU
N AGAIN

.
—_——— -

VIR

Finally, the operator asks for option 4, to test himself on random five
character groups. After a mistake in his response for the first group, he
replies correctly when it is repeated.



94  More than 32 BASIC Programs for the Commodore 64 Computer

PROGRAM LISTING
READY .

186 REM: HAM CODE
118 REM: CORYRIGHT 1283
111 REM: TOM RUGG. PHIL FELDMAH., AMD
118 REM: WESTERM SWSTEMS GROUF
115 FOKE 542245, 1% REM SET WOLIME
128 GOTO 2o
138 W o= FASCORENISCIF W < 8 0OR W > 31 THEH 228
148 T = CECMI:IF TE 2" THEM 220
1% FOR T = 1 TO LEMCTES bE = MIDFCTE.T. L
168 I o= 22 LE = 220
165 IF WE = """ THEM D = 188 LE = 108
178 PRIMT WE
1EE PORE S4H4277. 128 POKE S4278, 1
1838 PORE SE2V3HIDPORE S4278.00
1&g FORE S427E, 17
188 FOR D o= 1 TO LE:MEST
13 PORE S427F 0 FOME Sq27E, 9
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IF RSCITED = 15 THEW 54
IF T§ = R¥ THEM 628
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S8 FOKE S4273,6:FOKE S4872.0
W POKE D LB RETURHM
DATA e e WL
3 DATA ~ e = v ™ ™=
D TIATA = g e 4o T
DATA e w0 ™ wnnu™
ZETE DATH . .

IERE DATA .
3188 DATH
3118 DATA
I1z8 DATA
I1EE DATA

READY.

EASY CHANGES

1. To change the speed of the codes or the pitch at which they
are sounded, change line 2030. T is the speed (time factor)
and HI and LO are the note. Change T to 1 to make the
speed about 19 or 20 words per minute, the top speed.
Change T to 10 for about eight words per minute. Changing
the speed only changes the length of time between letters and
words, not the speed of dots and dashes or the short time in-
terval between them. Currently the note is low C. Consult
the Commodore 64 User’s Guide (Appendix M) for other
note values. For example, to get a higher pitched sound
(Middle C) with the fastest speed, make this change:

2030 HI=17:LO=37:T=1

2. Change the number of characters in the multi-character quiz
(option 4) by changing the value of N in line 2080.

3. Many experts stress that code is a language of sound, not
sight, and should be learned that way. If you like, you can
eliminate the displaying of dots and dashes on the screen by
deleting line 170 and changing these lines:

210 RETURN
280 FOR J=1 TO 90:NEXT

4. Eliminate the sounding of “HAM CODE” at the start of the
program by deleting line 2070.
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5. To drill on only alphabetic characters during options three
and four, make this change:

900 R =INT(RND(1)*26) -1
6 . A short delay is built into the program at several points. To

lengthen it, replace the 800 in line 920 with 2000. To
eliminate the delay, replace the 800 with 1.

MAIN ROUTINES

130- 220 Subroutine to sound and display character RS.

250- 290 Subroutine to sound and display phrase P$.

300- 360 Teaches characters by echoing keys until
CLR/HOME is pressed.

400- 450 Teaches phrases by echoing entries until END is

entered.

500- 620 Quizzes individual characters until CLR/HOME is
pressed.

700- 800 Quizzes random N character phrases until END is
entered.

900- 910 Subroutine to pick random character R$.

920 Delay subroutine.

2000-2030 Initializes variables. Stores codes in C$ array.

2050-2080 Displays and sounds title. Initializes more variables.

2100-2240 Displays options. Gets response. Initializes RND.
Goes to option entered.

2500-2560 Sounds error code when a mistake is made. The
sound is F# in the 5th octave.

3010-3130 DATA statements with codes for ASCII 39
(apostrophe) through 90 (Z). X value is illegal code.
A through Z are in 3080 through 3130.

MAIN VARIABLES

W Work variable and subscript.

R$ Character to be sounded; work character.

TS Work string.

C3$ Array of code strings.

J,K Loop and work variables.

w§ Element (dot or dash) of code to be sounded.

D Duration of sound to be made (dot=1, dash=3).

Also loop variable.
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T

P$
L$
N
R

Time factor to alter pauses between characters and
words.

Phrase of characters to be sounded.

Last phrase entered.

Number of characters in multi-character quiz.
Random number for character selection; work
variable.

HI,LO Values of note to be sounded.

SUGGESTED PROJECTS

1.

Add another option to randomly quiz the operator on a
series of common words and/or phrases that have been
stored in DATA statements.

Program some “intelligence” into the learning phase of the
program. Have the program teach 3 or 4 common letters un-
til the operator has mastered them, then begin teaching 3 or
4 more, etc.

Determine how to interface your Commodore 64 with
amateur radio equipment so you can use the program to ac-
tually send code automatically under program control.
Now try the reverse of Project 3 —have the computer figure
out how to decode a transmission that has been received
over the radio, converting it into text. This will almost un-
doubtedly require some or all of the program to be in
assembler language in order to run fast enough to handle
this job in real time.



METRIC

PURPOSE

In case you don’t realize it, we live in a metric world. The
United States is one of the last holdouts, but that is changing
rapidly. So if you're still inching along or watching those
pounds, it’s time to convert.

METRIC is an instructional program designed to familiarize
you with the metric system. It operates in a quiz format; the pro-
gram randomly forms questions from its data resources. You are
then asked to compare two quantities—one in our old English
units and one in the corresponding metric units. When you are
wrong, the exact conversion and the rule governing it are given.

The two quantities to compare are usually within 50% of each
other. Thus, you are constantly comparing an “English” quan-
tity and a metric one which are in the same ball park. This has
the effect of providing you some insight by sheer familiarity with
the questions.

HOW TO USE IT

The program first asks how many questions you would like to
do for the session. Any value of one or higher is acceptable.

The sample run shows how each question is formulated. A
quantity in English units is compared with one in metric units.
Either one may appear first in the question. Each quantity will
have an integral value. The relating word (“longer,” “hotter,”
“heavier,” etc.) indicates what type of quantities are being
compared.
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There are three possible replies to each question. Pressing Y or
N means that you think the answer is yes or no, respectively.
Pressing any other key indicates that you have no idea as to the
correct answer.

If you answer the question correctly, you will be duly con-
gratulated and the program will proceed to the next question. A
wrong answer or a response of “no idea,” however, will generate
some diagnostic information. The first value used in the ques-
tion will be shown converted to its exact equivalent in the corre-
sponding units. Also, the rule governing the situation will be dis-
played. At the end of any question, the program will request that
you hit any key to proceed to the next question.

The program will continue generating the requested number
of questions. Before ending, it will show you how many correct
answers you gave and your percentage correct.

SAMPLE RUN

A METRIC QUIZ

HOM MANY QUESTIONS SHALL WE DO? 3

The operator requests a three question quiz.
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A METRIC QUIZ

QUESTION 1 OF

S 96 MILES L
! 269 KILOME

’ ol
vo"aagvvoﬁ ‘RE RIGHT - VERY 600D!

GER_THAN
RS ?

3
on
TE

e HIT ANY KEY TO CONTINUE

The first question is correctly answered “no”. The program waits for a key
to be pressed before continuing the quiz.

A METRIC QUIZ

QUESTION 3 OF 3

IS 58 KILOGRAMS HEAVIER THAM
185 POUNDS ?

YOU SAY ‘N0’ BUT YOU'RE HRONG

58 KILOGRAMS EQUALS
136.4 POUNDS

---— THE RULE IS ----

1 KILOGRAM EQUALS
2.26463 POUNDS

e HIT ANY KEY TO COMTINUE swn

Later, the third question is incorrectly answered “no ». The correct con-
version and governing rule are then displayed.
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A METRIC QUIZ

YOU 60T 2 RIGHT OUT OF 3 QUESTIONS
PERCENTAGE CORRECT = 66.6666667
READY.

]

The program shows the number and percentage of correctly answered
questions.

PROGRAM LISTING
REFDY.

2@ REM: METRIC

3 REM: COFYRIGHT 15283 :
1 REM: PHIL FELDMAM., TOM RWGEE, ARD
2 REM: MESTERM SYSTEMES GROE

B GOSUE 450
3 IHEUTHOM MAMY GUESTIOHS
S HE=IHTOHED CIF b “
: Tmi TO MR
S0 PRINT"¥0L GOT"
R ”TIﬂh“ 30

NI S S g SRR N Y
Tmoen

EHELL ME T MG

E 900 HENT
URIGHT CUT OFT

Hﬁ;-HFI;H

MUOTHEM 418

mEAD 111'.'.' e
GEE TF ESFEOHDN
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e M- 1 BETURM

458 PRIMT CHEECO14TITABCLLII"A METRIC QUIZ"
455 PRIMTFRIMTRETURHM

R be THT CHDSREMIN L 244

S 16 I" BOTF RMDC L85 THEM Fa=l

S WL IMTORMIN L p#SS 042 WA= LD O
B2T IF F=1 THEM WiE=W1-T0MHD
E3E IF M=1 THEM Y3=0W1-32371.8
BET T Fel THEM W3ssOW181 . 80432
m4U I O DRI L 2 V=TT O EE, B
f3OTHEM T=

EA4DE Ir*"ﬁ”E?TIﬁf”3JJ"UF"JHQ¢PEIHT
IF Fzﬂ THER PPIH*"IS";TI;EFi’H};BE ROy
LF F 1 THEH FRIMT"IS" W1 iMPE O BE WIfH'i

THEM FRIMT r;-»-)--i"'.:.nnri""i’i‘.i

THEM FREIMT BEiEFIVEIERE MY

F«"PIHT "o

GET I =T OTHEM S8

IF Q=" THEM FRIMTOPREINTYOU SAY SWES ",

IF QF="%" THEM R=1:507T02 7I@

iF QE="mW" THEH PHIHT:PEIHT"?DU SEY MRS
FoRE="m" THEM R=Ec G070 739

FRIMT FRIMT"DO HAVE M“ TDEA" R

e TR T R THEW GOSUE S@E: 30T FPeg

THER PRIWT

THEM PRIMT " AT 2ORE RIGHT ~"2

THEM FRIMT " WERY GUL'T}! "R R

M’“:H ] ’”'""'l T*‘"*!

R I x I s I e )

SV W W E

..........

R T T 1 e e o e CERIMT
THEM FPRINT WLIGEMEMD)
THEM FRIRT "OEIRLEY CFRINT W3 MPECHD
THEM FRINT W1iMPEMY
THI”H FRIWT " ESUFALEY CPRINT WEIEREMD
Ih"’*m—* THF RULE IS e " I”" (IHT
HHI’FH T X
FiRTE e
) 2 THEM l“ﬂ
o ’.!"I:'JT'Z.T E3eT
i PRIMTY EQUALS
! I"F"'Jh”” DG, 2
FRIMT" DES.F .
FRIMT" 1 "JEﬁ_--p"h JUERUALET
""F]'|~1"a' Sk MFEL M RETURN

FETHT DPRIMNT

e '1I .

ST PRIMT P HIT AkY REY TO COMTIHUE s
218 GET QF:IF QE=s"" TH‘:H 21e

2 RETURM

leaE DATR DECREE FAHREMHEIT. DEGREE CEMTIGRADE
1885 DATA HOTTER.E.35

VaMEE
T JF?IH

F.r: 1k
Vs RETURN

it
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e o o g o g
T G
T

LRTF

LT

LOMETERST PER HOUR

DETH

PHERRC]

AT
LR
> DRTH

st b b b R Bt R e e b
; - ;

REATY,
EASY CHANGES
1. To have the program always ask a fixed number of ques-

tions, change line 210 to set NQ to the desired value. For
example:

210 NQ=10

will cause the program to do 10 questions.
2. There are currently seven conversions built into the

program:

N Type English Unit Metric Unit

1 temperature degrees F. degrees C.

2 speed miles/hour kilometers/hour
3 length feet meters

4 length miles kilometers

5 length inches centimeters

6 volume gallons litres

7 weight pounds kilograms

If you wish to be quizzed on only one type of question, set N
to this value by changing line 600. Thus,

600 N=4
will cause the program to only produce questions comparing
miles and kilometers. To add additional data to the pro-
gram, see the first “Suggested Project.”

3. You can easily have the questions posed in one “direction”
only. To go only from English to metric units change line
610 to

610 F=0
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while to go from metric to English units use
610 F=1

4. You might want the converted value and governing rule to
be displayed even when the correct answer is given. This is
accomplished by changing lines 740 through 746 to read as
follows:

740 IF X =0, THEN PRINT:PRINT“ AND YOU’RE
RIGHT - VERY GOOD!”
746 IF X =0 THEN NR =NR + 1: GOSUB 800: GOTO 760

MAIN ROUTINES

150- 160 Dimensions and initializes variables.

200- 250 Mainline routine, drives other routines.

400- 430 Reads and initializes data.

450- 455 Displays header.

600- 760 Forms and asks questions. Processes user’s reply.
800- 895 Displays exact conversion and governing rule.
900- 920 Waits for user to hit any key.
1000-1999 Data statements.

MAIN VARIABLES

ND Number of conversions in the data.

ES$,EP$  String arrays of English units’ names (singular,
plural).

MS$,MP$ String arrays of metric units’ names (singular,
plural).

RS String array of the relation descriptors.

C Array of the conversion factors.

Q. Work variable.

B$ String constant of one blank character.

J Current question number.

NR Number of questions answered right.

P Percentage answered right.

NQ Number of questions in session.

N Index number of current question in the data list.

F Flag on question “direction” (0 = English to metric;

1 = metric to English).
V1,v2 Numeric values on left, right sides of the question.
V3 The correct value of the right hand side.
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T

Qs
R
X

Flag on the question’s correct answer (1 =true;
0 = false).

User reply string.

User reply flag (0=no; 1 =yes; 2=no idea).
User’s result (0 if correct answer was given).

SUGGESTED PROJECTS

1.

Each built-in conversion requires six elements of data in this
order:

Element Data Description

1 English unit (singular)

Metric unit (singular)

Relation descriptor (e.g., “hotter,” “faster,” etc.)
Conversion factor (from English to metric)
English unit (plural)

6 Metric unit (plural)

Each of these elements, except the fourth, is a string. The
data statements in the listing should make clear how the in-
formation is to be provided. You can add new data to the
program with appropriate data statements in this format.
New data should be added after the current data, i.e. just
before line 1999. Line 1999 is a special data statement to
trigger the end of all data to the program. The program is
dimensioned up to thirty entries while only seven are cur-
rently used. (Note: this format allows only conversions
where one unit is a direct multiple of the other.
Temperature, which does not fit this rule, is handled as a
special case throughout the program.)

Convert the program to handle units conversion questions
of any type.

Keep track of the questions asked and which ones were
missed. Then do not ask the same questions too soon if they
have been answered correctly. However, do re-ask those
questions missed for additional practice.

(Y N VSR )



NUMBERS

PURPOSE

This is an educational program for pre-school children. After
a few weeks of watching Sesame Street on television, most three
and four year old children will learn how to count from one to
ten. The NUMBERS program allows these children to practice
their numbers and have fun at the same time.

HOW TO USE IT

We know a child who learned how to type LOAD and RUN to
get this program started before she turned three, but yow’ll prob-
ably have to help your child with this for a while. The program
asks the question, “WHAT NUMBER COMES AFTER n?”,
where n is a number from one to eight. Even if the child can’t
read yet, he or she will soon learn to look for the number at the
end of the line. The child should respond with the appropriate
number, and then press the RETURN key. ‘

If the answer is correct, the program displays the message
“THAT’S RIGHT!”, pauses for a couple of seconds, and then
clears the screen and displays three geometric shapes. In the up-
per left of the screen a square is drawn. In the lower center, a
triangle is drawn. Then an asterisk (or a snowflake, perhaps?) is
drawn in the upper right portion of the screen. After a few sec-
onds delay, the program clears the screen and asks another ques-
tion. The same number is never asked twice in a row. The size of
the three figures is chosen at random each time. If the child pro-
vides the wrong answer, a message indicates the error and the
same question is asked again.
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The program keeps on going until you hit the RUN/STOP
key. Remember that most children have a pretty short atten-
tion span, so please do not force your child to continue after
his or her interest diminishes. Keep each session short and fun.
This way, it will always be a treat to “play” with the computer.

SAMPLE RUN

ROTErE

I‘,llg'l NUMBER COMES AFTER 4

THAT’S RIGHT!

The program asks what number comes after 4, and waits for a response.
The operator says 5, and the program acknowledges that the answer is

correct.
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Because of the correct response, the program draws three geometric
figures.

PROGRAM LISTING
FEFTIM .

LIRS

e CELDMIARM . MDD
WESTERM SYSTEMES ZROUP

BRI bRt

THIM

Pt Bl ped fn e pet Bt bt ek ped b b
3 I ]

MUMDER COMES RETER" R

TENOAGATLH.
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e
R T

SR HERT

R Ry By

Bl

EASY CHANGES

1. Change the range of numbers that the program asks by
altering the value of M in line 120. For a beginner, use a

value of 3 for M instead of 8. Later, increase the value of M
to 5, and then 8.
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2. Alter the delay after “THAT’S RIGHT!” is displayed by al-
tering the value of 1000 in statement 310. Double it to dou-
ble the time delay, etc. The same can be done with the 2000
in line 800 to alter the delay after the figures are drawn.

3. To avoid randomness in the size of the figures that are
drawn, replace line 330 with

330E=10

Instead of 10, you can use any integer from 2 to 11.

4. To slowly increase the size of the figures from small to large
as correct answers are given (and the reverse for incorrect
answers), do the following:

a. Replace the 10 in line 130 with a 2.
b. Insert this line:

225 E=E-3: IF E<2 THEN E=2
¢. Replace line 330 with the following:

330 E=E+2:IFE>11 THENE =11

MAIN ROUTINES

120-160 Initializes variables. Clears screen.

170 Picks random integer from 1 to M.

180-240 Asks question. Gets answer. Determines if right or
wrong.

310 Delays about 2 seconds.

320-430 Draws a square.

450-500 Draws a triangle.

520-630 Draws an asterisk.

800 Delays about 4 seconds.

810-820 Clears screen. Goes back to ask next question.

900-910 Subroutine to POKE graphics character C to X,Y
coordinate on screen. POKEs color to correspon-
ding location on color map.

MAIN VARIABLES

M Maximum number that will be asked.
E Edge length of geometric figures.

R Random integer in range from 1 to M.
P Previous number that was asked.

RS Reply given by operator.
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X, Y
TS
A,B
J

C
(0(6)
Cl
S

Coordinates in CRT display.
Triangle’s starting location (top).
X,Y coordinate values.

Subscript variable.

Graphics character to be POKEd.
Starting location of color map.
Color for current graphics character.
Starting address of CRT screen.

SUGGESTED PROJECTS

1.

Modify the program to ask the next letter of the alphabet.
Use the ASC and CHRS functions in picking a random letter
from A to Y, and to check whether the response is correct
or not.

Ask each number from 1 to M once (in a random sequence).
At the end of the sequence, repeat those that were missed.
Add different shapes to the graphics display that is done
after a correct answer. Try an octagon, a diamond, and a
rectangle. Or, combine this program with one of the graph-
ics display programs.




TACHIST

PURPOSE

This program turns your computer into a tachistoscope (tah-
KISS-tah-scope). A tachistoscope is used in reading classes to
improve reading habits and, as a result, improve reading speed.
The program displays a word or phrase on the screen for a frac-
tion of a second, then asks you what it was. With a little prac-
tice, you will find that you can read phrases that are displayed
for shorter and shorter time periods.

HOW TO USE IT

The program starts off by displaying a brief introduction and
waiting for you to press any key (except the RUN/STOP key or
SHIFT keys, of course). After you press a key, the screen is
blanked out except for two horizontal dash lines in the upper
left-hand corner. After two and a half seconds, the phrase is
flashed on the screen between the two lines. Then the screen is
blanked again, and you are asked what the phrase was.

If you respond correctly, the next phrase is displayed for a
shorter time period (half as long). If you respond incorrectly, the
program shows you the correct phrase, and the next phrase is
displayed for a longer period of time (twice as long).

The fastest the computer can display a phrase and erase it is
about .02 seconds (one-fiftieth). See if you can reach the top
speed and still continue to read the phrases correctly.

A great deal of research has been done to determine how peo-
ple read and what they should do to read both faster and with
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better comprehension. We will not try to explain it all (see the
bibliography), but a couple of things are worth mentioning.

To read fast, you should not read one word at a time. Instead,
you should learn to quickly read an entire phrase at once. By
looking at a point in the center of the phrase (and slightly above
it), your eyes can see the whole phrase without the necessity of
scanning it from left to right, word by word. Because the
tachistoscope flashes an entire phrase on the screen at once, it
forces you to look at a single point and absorb the whole phrase,
rather than scanning left to right, word by word.

If you can incorporate this technique into your reading and in-
crease the width of the phrases you absorb, your reading speed
can increase dramatically.

SAMPLE RUN

e TACHISTOSCOPE e

HIS PROGRAM IS DESIGMED
MPROVE YOUR READING SPE
LL Sl

v
BRIEFLY DISPLAY A SH
E, AND YOU TRY TO REA

PE umt YOU SEE, AND I‘LL TELL
YOU IF YOU WERE RIGHT.

ME’LL START AT .4 SECOMDS.
PRESS AMY KEY WHEN YOU'RE READY.

HRRS
v

The program displays an introduction, then waits.
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The program clears the screen and displays two parallel lines that remain
in the upper left corner of the screen for a couple of seconds.

The program flashes a short phrase (chosen at random) between the two
lines for a fraction of a second, then clears the screen.
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WHAT MHAS 11?2
? LOOK AT THAT

THAT’S RIGHT!

LL BE DISPLAYED

PRESS ANY KEY WHEM YOU'RE READY.

The program asks what the phrase was. The operator responds cor-
rectly. The program acknowledges the correct response, and indicates
that the next phrase will be shown for half as long.

PROGRAM LISTING
FREATM .

1

11
11
11
12
13
id
15
16
17
iE
i

P

D D g

REM: TRACHIST

REM: DOFYRIGHT 1283

REM: TOM RUGE, PHIL FELIMAMN. FAMD
REM: WESTERM SWSTEMEZ GROUF

T=. 1

Je T B ] 47

L =56

DIM Tl

=6
REMAI R
IF Ff="

=
=

S}

£

THERM 256

S C=DA]
SEETF DL THEM PREINT"TOC MAMY DFTR STATEMERTS"
2ES TR THEM EHI
218
SEE
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JEE R -T T
i FRIMT CHREFOR?
FRIMT" g TRCHISTOSOORE . g
3 FRIMT
FRIMT"THIS PROGRANM IS5 DESIGMED TO"
FREIMT" IMPROVE YOUR RERDIMNG SPEED. "
.*f"f;.hT
EOPRIMT"I L BRIEFLY DISPLEY A SHIRT®
3OFRIMNTFHRASE, AMD YO0 TRY TO READ IT.
2 OPRIMNT
EE OPRIMTYTYRE WHAT YOU SEE. AWD I-LL TELLY
Wl FRIMT"S'OL IF Y00 WMERE RIGHT."
HOFRIMT
ZEE PRIMT"ME-LL

START AT LTI ERoOMDE, "
4P5 FOR W=l TD 5:0ET R#E:HEXT:PRIWT
; PWIHT”FPF Y KEY WHEN YOUYRE RERDY. "
----- THEM 435

3 PRINT cwéﬁc: ampur
FOR k=1 TO LSEEHERT KIF G028 THEM 560

IMT O PREIMT CFRINT T#

. ﬁwLHT .

8% FOR K=l TO OSEE:

18 FRINT PRINT FRIMT:FRIMT
PRINT"HHAT WRS 177"

ERLECRLE:

I HFLT R
54l PRINT

2
<}
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EASY CHANGES

1.

Change the phrases that are displayed by changing the
DATA statements that start at line 910. Add more and/or
replace those shown with your own phrases or words. Line
140 must specify a number that is at least as large as the
number of DATA statements. So, to allow for up to 100
DATA statements, change line 140 to say

140 L =100

Be sure to enter your DATA statements in the same form
shown in the program listing. To begin with, you may want
to start off with shorter phrases or single words. Later, try
longer phrases. Do not alter line 9999, which has to be the
last DATA statement. Be sure to have at least 6 DATA
statements.

To change the length of time the first phrase is displayed,
change the value of T in line 120. Use a multiple of .05
seconds or make it .02 (the fastest speed).
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To cause all phrases to be displayed for the same length of
time, remove lines 570 and 720.
If you want to change the waiting period before the phrase is
flashed on the screen, change the 1500 in line 465. To make
the delay five seconds, change it to 3000. To make it one sec-
ond, change it to 600.
To put the program into a sort of flashcard mode, in which
the phrases are flashed, but no replies are necessary, insert
these three lines:

515 GOTO 710

715 GOTO 590
This will cause each phrase to be flashed (all for the same
length of time), and then displayed again so you can verify
what it was.

MAIN ROUTINES

120-
160-
260-
400-
430-

460-
470-
505-
550

560-

700-

800-

840-

150 Initializes variables.

220 Reads DATA statements into T$ array.

380 Displays introduction.

420  Waits for operator to press a key.

450  Picks random phrase from T$ array. Ensures no
duplication from previous five phrases.

465  Clears screen and displays horizontal lines.

500 Displays phrase for appropriate length of time.

530  Asks what the phrase was.

Determines if typed phrase matches the phrase
displayed. ‘

640  Shortens time for next phrase if reply was correct.
Saves subscript to avoid repetition. Goes back to
wait for key to be pressed.

740 Shows what phrase was. Lengthens time for next
phrase. Ensures that time period is a multiple of .05
seconds.

810  Special routine to display phrase for shortest time
(.02 seconds).

870  Subroutine to display horizontal dash lines.

910-9999 DATA statements with phrases to be displayed.
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MAIN VARIABLES

S Starting time of display of phrase (in intervals).

T Time that phrase will be displayed.

J Loop variable and time interval counter.

L Limit of number of phrases.

T$ Array of phrases (read into from DATA
statements).

C Count of number of phrases actually read.

RS Temporary string variable. Also, reply of operator.

R Work variable. Also, subscript of phrase to be
displayed.

P1,P2, Subscripts of the five previous phrases.
P3,P4,P5

K Temporary work variable.

B ASCII number for clear screen character.

SUGGESTED PROJECTS

1. Instead of picking phrases at random, go through the list
once sequentially.

2. Instead of only verifying that the current phrase does not
duplicate any of the previous four phrases, modify the pro-
gram to avoid duplication of the previous ten or more.
Changes will be needed to lines 440, 450, and 600.

3. Keep score of the number of correct and incorrect replies,
and display the percentage each time. Alternatively, come
up with a rating based on the percentage correct and the
speed attained, possibly in conjunction with a difficulty fac-
tor for the phrases used.

4. Add the capability to the program to also have a mode in
which it can display a two to seven digit number, chosen at
random. Have the operator try several of the numbers first
(maybe five-digit ones) before trying the phrases. The
phrases will seem easy after doing the numbers.
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PURPOSE

Did you ever find yourself at a loss for words? Well, this vo-
cabulary quiz can be used in a self-teaching environment or as
reinforcement for classroom instruction to improve your ability
to remember the jargon of any subject. It allows you to drill at
your own pace, without the worry of ridicule from other stu-
dents or judgment by an instructor. When you make mistakes,
only the computer knows, and it’s not telling anyone except you.
Modifying the program to substitute a different vocabulary list
is very simple, so you can accumulate many different versions of
this program, each with a different set of words.

HOW TO USE IT

This program is pretty much self-explanatory from the sample
run. After you enter “RUN,” it asks you how many questions
you would like. If you respond with less than five, it will still do
five. Otherwise, it will do the number you enter.

Next, you get a series of multiple choice questions. Each ques-
tion is formatted in one of two ways—either you are given a
word and asked to select from a list of definitions, or you are
given a definition and asked to select from a list of words. The
format is chosen at random. You respond with the number of
the choice you think is correct. If you are right, you are told so.
If not, you are shown the correct answer. From the second
answer on, you are shown a status report of the number correct
out of the number attempted so far.
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Finally, after the last question, you are shown the percentage
you got correct, along with a comment on your performance.
Then you have the option of going back for another round of
questions or stopping.

SAMPLE RUN

*nx UOCABULARY QUIZ s

THIS PROGRAM WILL TEST YOUR K 6
OF SOME USEFUL VOCABULARY Wkgg..ltb €

HOM MANY QUESTIONS SHALL WE DO? i8

The program displays an introduction and asks the first question. The
operator selects choice 2.
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OF SOME USEFUL VOCABULARY MORDS.
HOW MANY QUESTIONS SHALL ME DO? 18

1 -- WHA
1

The program responds that the first answer was correct, and asks the
next question.

?3
RIGHT!
YOU HAVE 7 RIGHT OUT OF 9 QUESTIONS.

DDEM ORIGINM
R MENACING

YOU HAVE 8 RIGHT OUT OF 16 QUESTIONS.

THAT 'S 86 PERCENT.
VERY 600D!

HANRT TO TRY AGAIN” B

At the end of ten questions, the program gives a final score and asks
about trying again.
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PROGRAM LISTING
READY.

188 REM: WOCAE

118 REM: COPWYRIGHT 1383

111 REM: ToOM RUGG, PHIL FELDMAM. HHD
112 FEM: MESTERM SYITEME GROLF

SR 1 EE

GEE S

e CREIEE

I 4 I

TR patu]els

S D

S IF L*g THEN S@g
al| BOTO e

Qe REM

1Q88 IF ECHE THEM 1959

1818 FRIMT CHREEC 147

1R FRETHT" sk UHFH LLFARY ITE e

1E368 PRIMT

168 PHIHT"THIS FROGEAM MILL. TEST YOURE FEMHOWLEDGE"
@58 PRINT"OF SOME USEFUL YOURBOLARY WORDES, "

iBEE FPRIMT

1018 THPUT"HOM MAMY GUESTIONS SHALL WE "L

i E Y o g

1138 IF L4 THEM 1145

1135 PRIMT"THAT S MWOT EMOUGH. LET S Do 5,0

1148 =59

1145 IF Ex8 THEM 126

1158 FRIWNT

1168 R=RHDC-TT

1288 RETRM

2EER TF O THEM 220

'HlU i
D=2

DIk DD BT

TIM P

NES]

FEAD DE.Ts

"U7B IF DFECT v THEM 2148

2 READ EECTM

2188 J=j+]

2118 IF Jo=D0 THEM 2868

2128 PRIMT"TOO0 MEHY DRTA ST H*E”EHTﬁ.
2138 PRIMTOMLY FIRST".D: "ARE LESED.,
'le NENE

[RE-N

Pty )
0y ] fo 0 I

1"_;: bl ox Y I

eR YRR

B
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MT £ A TRHIE
PR TLIR M

FRIMT

RES GBI ARAN

IF ME.T THEM 41828

FRIMT G " WHAT WORD MEAHS
FPRIMT TABCE) JEFORORN Y

3 OFOR J=1 TO
FFIr TRECT T NIRRT

daee]

EMIU <
FRIMT G WHAT DOES DR O MERMT
.': R =1 TOO
20 FRINT TRECSY 0" "ESCRCI0
W HEST T
FRIMHT

FETLIRM
i THFUT R
=TT R
IF RI=1 AMD R<=C THEM S8
FREIMT"ID MEELD A MHUMBER FROM L TOUC
GOTO SR
FRIMT

53

(G RE R
[x)
Lo L

2} E@

B35 IF R=A THEM D198

BEd FRIMT"MD, THE AMSWER I35 HMUMBER".A
TETE GOTO SREE

51889 PRIMT"RIGHT "

5118 2=1+1

D280 FRIMT

571U‘IF Gl THEM S2E8

SEEB PRIMT"YOU HAVE" G

5225 PRIMT'RIGHT OUT OF", G "GUESTIONS, "
5235 PRINT

SIOE PIE=FI

SELE Po=F1

SIZE FLl=F A

530 RETURM
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rml THEM RETURN
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EASY CHANGES

1.

Add more DATA statements between lines 7010 and 7999,
or replace them all with your own. Be careful not to use two
or more words with very similar definitions; the program
might select more than one of them as possible answers to
the same question. Note that each DATA statement first has
the vocabulary word, then a comma, and then the definition
or synonym. Be sure there are no commas or colons in the
definition (unless you enclose the definition in quotes). If
you add more DATA statements, you have to increase the
value of D in line 2020 to be at least one greater than the
number of words. The number of DATA statements you can
have depends on how long each one is and how much user
memory your computer has. Be sure to leave statement 7999
as it is—it signals that there are no more DATA statements.
To get something other than five choices for each question,
change the value of C in line 2010. You might want only
three or four choices per question.

If you do not want the choice of how many questions,
remove lines 1110 through 1130. Line 1140 establishes the
number of questions. Change it to the number you would
like.

To make the program pause longer after a wrong answer,
insert:

5065 FOR J =1 TO 5000:NEXT

MAIN ROUTINES

300- 910 Mainline routine. Calls major subroutines.

1000-1200 Displays introduction. Initializes RND function.

Displays number of questions to be asked.

2000-2300 Reads vocabulary words and definitions into ar-

rays. Performs housekeeping.

3000-3200 Selects choices for answers and determines which

will be the correct one.

4000-4210 Determines in which format the question will be

asked. Asks it.

5000-5330 Accepts answer from operator. Determines if right

or wrong. Keeps score. Saves subscripts of last three
COIrect answers.
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6000-6250 Gives final score. Asks about doing it again.
7010-7999 DATA statements with vocabulary words and

definitions.

MAIN VARIABLES

E

"Ugg o 0O =mr

Qg

Ql
P

Set to 1 to avoid repeating introduction after the
first round.

Limit of number of questions to ask.

Work variable. Also used for operator’s reply to
each question.

Number of choices of answers given for each
question.

At least one greater than number of DATA state-
ments. Used to DIM arrays.

Array of vocabulary words.

Array of definitions.

Array for numbers of possible answers to each
question.

Work variable (subscript for FOR-NEXT loops).
Number of questions asked so far (later used to cal-
culate percent correct).

Number of questions correct so far.

Work variable.

P1,P2,P3 Last three correct answers.

A
M
R$

Subscript of correct answer in P array.
Work variable to decide which way to ask question.
Yes or no reply about doing another round.

SUGGESTED PROJECTS

1.

Modify lines 6030 through 6200 to display the final evalua-
tion messages based on a finer breakdown of the percent
correct. For example, show one message if 100 percent,
another if 95 to 99, another if 90 to 94, etc.

Ask the operator’s name in the introduction routine, and
personalize some of the messages with his/her name.
Instead of just checking about the last three questions, be
sure that the next question has not been asked in the last
eight or ten questions. (Check lines 3045 and 5300 through
5320.)

Keep track of which questions the operator misses. Then,
after going through the number of questions he/she re-
quested, repeat those that were missed.



Section 3

Game Programs

INTRODUCTION TO GAME PROGRAMS

Almost everyone likes to play games. Computer games are a
fun and entertaining use of your Commodore 64. Besides pro-
viding relaxation and recreation, they have some built-in prac-
tical bonuses. They often force you to think strategically, plan
ahead, or at least be orderly in your thought processes. They are
also a good way to help some friends over their possible “com-
puter phobia.” We present a collection of games to fit any game
playing mood.

Maybe you desire a challenging all-skill game? Like chess or
checkers, WARI involves no luck and considerable thinking.
The computer will be your opponent, and a formidable one
indeed.

Perhaps you’re in the mood for a game with quick action and
mounting excitement. GROAN is a fast-paced dice game involv-
ing mostly luck with a dash of skill (or intuition) thrown in. The
Commodore 64 is ready to take you on anytime.

Two word games are included. In JOT, you and the computer
each pick secret words and then try to home in on each other’s
selection. In ARGO, you are challenged to make words by un-
scrambling letters in a race against time.

Do you like solving puzzles? If so, try DECODE. The compu-
ter will choose a secret code and then challenge you to find it.

Graphic electronic arcade games are a prevalent landmark of
our times. We include two such games. ROADRACE puts you
behind the wheel of a high speed race car. You must steer ac-
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curately to stay on course. OBSTACLE lets you and a friend
compete in a game of cut and thrust. Each of you must avoid
crossing the path laid by the other, and by yourself!



ARGO

PURPOSE

Argo is a word game that is both challenging and a lot of fun.
The program displays 13 random letters, and your object is to
try to score as many points as possible by creating words from
them.

HOW TO USE IT

The program begins by displaying its name and asking you to
press a key to start the game. After you press a key (other than
SHIFT or RUN/STOP, of course), the program displays 13 let-
ters in alphabetical order and starts its “timer.” When the timer
in the upper left corner reaches 5000, the game is over.

Your object is to create words that are at least three, but no
more than seven letters long. You can enter as many as six words
of each length, but only the first five will score points. This is to
give you a chance to enter an extra word of some length in case
you mis-typed a word or entered a word that is later disallowed.

Each word is entered by simply typing the letters of the word
and pressing the RETURN key. As each letter of the word is
typed, it is displayed at the top of the screen. When RETURN is
pressed, the word is moved to the lower part of the screen, where
a column of words is displayed for each length. The three letter
words are at the left of the screen, and the seven letter words are
at the right.

If a typing error is made before pressing RETURN, you can
simply correct it as usual by using the “back arrow” key. If you
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do not see the error until after you pressed RETURN, there is no
way to erase the erroneous word.

The program displays an error message to the right of your
word if you enter a duplicate word or if you try to enter a word
that is not made up of the letters shown. Of course, you can only
use a letter the number of times it is shown —to use a letter twice,
there need to be two of them.

The program has no way of knowing whether or not you are
entering legitimate words. It only checks that you are using the
proper letters. It’s up to you to determine if you want to allow
slang, proper names, foreign words, etc. If you are going to
compete with a friend, be sure you establish the ground rules
first.

At the end of your time limit, the program displays the score
and ends. Scoring is based on how many words you entered of
each length. Each word counts the square of its word length in
points. So, each three letter word counts nine points. Each four
letter word is 16 points, a five letter word is 25 points, a six letter
word is 36 points, and a seven letter word is 49 points. This
means that the maximum possible score is

5X(9+16+25+36+49)=675.

In our experience, however, any score over 200 is very good, and
-anything over 300 is excellent. Needless to say, the scores vary
widely based on what letters you happen to get.

The program gives you a fair chance by making sure that you
have at least two vowels among your 13 letters. Other than that,
the letters are simply chosen at random.
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SAMPLE RUN

ARGDO
PRESS ANY KEY

The program waits for the operator to press a key to start the game.

BBCDEFI JHOHYY

The program selects 13 random letters and starts the timer.
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The operator enters the first word, which will go in the column of five
letter words when RETURN is pressed.

5608
BBCDEFIJHNOMWNYY

TwOO®
M QO
oUIxXO

© ot et 2
aiﬁﬂ
mm

2
RIUUII!

-
—

N
(%2}

- 159

READY

The timer reaches 5000 to end the game, causing the score to be
displayed. Note that a typing error was made (CIW), so the operator
entered an extra three letter word. This caused the scoring of five words
of three letters to be correct.
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PROGRAM LISTING
FEFTY

FIRIED
l"" l"lF"r’ F‘ LEHT

MR

B

OTHIER ELE

D THEM SEE

4P s TP UEnTD T

SIF F = 1 THEM

bnak TS ot %8 § =TT
Vit D
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BOSC = BCATHTEKHERT
G FRIMT "SCORE =".5C
255 PRIMT

ERT

BOFOR T = 1 T2 MR = INTORMDOLDRESI+ETE

OGS o= RMEET

FOFOR T o= 1L TOOE

£ 2= 32D
f s I ol s

1F o= IR TOL = @ THEM

BRI

EHEST D FOFD = ROT ORI = W MER

FACTs = WOTMTORMING L o#E0 0 HERT
RETLIRRM
A FRIMT CHEE

BCFRINT ML RETLRM

FRIHT

o s TRT ML 8 DY = DT L e

TF WF o= @ THEM 1238
FOR @Y o= 1 T2 WA
F’ﬁfIl"il DHRE R, HERT
IFOEA = B THEM 1298

A OFOR AW o= 1 TD WA

% PRIMT CHEFC1T, THEST
1258
=269
158
1518
1526

FRIWNT WOF;

RETLIRM

IF LEMCWE? 2 THEM W™
Il LEFTE bl o LEMCLED
Wi L e TR
bt g bl w T GRELR

15

3

i

FOR F o= 1 T Tl
IF W#ECL, I = kg THEM F = 1

G HEXT : RETURM

F=g:FOR J =1 TO HECI) = ROT

B OHESTIFOR J = 1 TO L

b= ASCOMITECME, T 100
FOR & = 1 TO M
IF Eowd = kK OTHEM Eck) = BU3E0TD S87

A MEST

= 1
MEAT T RETURM
MOTO @ STEF -1:4 = AL}

= 1
FOR L = 2 TO T:1F AL 3 X THEM

i

n] J = 1 T M

WOF = CHRECACT?D (WL = 42+ TJ+TG0SUE 1288
HEST : GOTO T8

FREIMT THBCIZ):"A R G O"

FRIMT PRIMT"FRESS AHY KEY"

J o= IMTOCRMDC12#12+1 :GET REF

IF A% = "" THEM &E2Z8

RETLIRM

READY.

Rl
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EASY CHANGES

1.

You can easily change the program to give you more or less
than 13 letters to choose from. You can use any number
from three to 17, but more than 15 causes the last ones to ex-
tend to a second line. Values from nine to 15 are best. As an
example, make this change to use 15 letters:

140 CLR:PRINT CHR$(147):N=15
The program currently guarantees at least two vowels
among the list of letters. Change the “2” at the end of line

920 to alter this. For example, to guarantee at least three
vowels, it should be:

920 FOR J=1TO 3
Give the player more or less time to create words by chang-

ing the value of M in line 190. For example, to make each
game last about twice as long, make this change:

190 GOSUB 900:PRINT CHR$(147):C =0:M = 10000

MAIN ROUTINES

140- 195 Initializes variables, displays title, chooses letters.
200- 290 Gets word from player. Increments timer while

waiting.

300- 510 Examines word for legality. Saves it.

700- 740 Displays and erases error message.

810- 860 Computes score and ends program.

900- 940 Subroutine to select N letters. -
1500-1530 Backspaces during word entry.
3010-3040 Subroutine to check for duplicate word.
4010-4070 Subroutine to check that legal letters were used.
5010-5070 Alphabetizes and displays letters.
6000-6040 Subroutine to display title and initialize RND.

MAIN VARIABLES

N
w$
A
E

Number of letters to choose from.

Array that words are saved in.

Array holding ASCII values of letters.

Array for evaluating whether legal letters were
used.
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oZ0o<

Array with ASCII values of the vowels.

Array of screen locations of each word length.
Counter for timer.

Maximum value for timer.

Screen location for word being entered.

Word being entered.

Key pressed during word entry.

Length of word entered. Also work variable.

Flag set to 1 if word is illegal. Also work variable.
Error message.

Array to count the number of words entered of each
length.

Loop and work variables.

Random number used in selecting letters.

SUGGESTED PROJECTS

1.

2.

Display the score as each word is entered, so the player can
see the score while the game is in progress.

Allow the player to erase the last word entered, in case of
typographical error.



DECODE

PURPOSE

Decode is really more of a puzzle than a game, although you
can still compete with your friends to see who can solve the puz-
zles the fastest. Each time you play, you are presented with a
new puzzle to solve.

The object is to figure out the computer’s secret code in as few
guesses as possible. The program gives you information about
the accuracy of each of your guesses. By carefully selecting your
guesses to make use of the information you have, you can deter-
mine what the secret code must be in a surprisingly small number
of guesses. Five or six is usually enough.

The first few times you try, you will probably require quite a
few more guesses than that, but with practice, you’ll discover
that you can learn a lot more from each guess than you origi-
nally thought.

HOW TO USE IT

The program starts off by displaying a brief introduction.
Here are some more details.

The program selects a secret code for you to figure out. The
code is a four digit number that uses only the digits 1 through 6.
For example, your Commodore 64 might pick 6153 or 2242 as a
secret code.

Your object is to guess the code in the fewest possible guesses.
After each of your guesses, the program tells you a “black” and a
“white” number. The black number indicates the number of
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digits in your guess that were correct —the digit was correct and
in the correct position. So, if the secret code is 6153 and your
guess is 4143, you will told that black is 2 (because the 1 and the
3 will have been correct). Of course, you aren’t told which digits
are correct. That is for you to figure out by making use of the in-
formation you get from other guesses.

Each of the white numbers indicates a digit in your guess that
was correct, but which is in the wrong position. For example, if
the secret code is 6153 and your guess is 1434, you will be told
that white is 2. The 1 and 3 are correct, but in wrong positions.

The white number is determined by ignoring any digits that
accounted for a black number. Also, a single position in the
secret code or guess can only account for one black or white
number. These facts become significant when the secret code
and/or your guess have duplicate digits. For example, if the
code is 1234 and your guess is 4444, there is only one black, and
no whites. If the code is 2244 and your guess is 4122, there are no
blacks and three whites.

This may sound a little tricky, but you will quickly get the
hang of it.

At any time during the game, you can ask for a “SUM-
MARY?” by entering an S instead of a guess. This causes the pro-
gram to clear the screen and display each guess (with the corre-
sponding result) that has occurred so far.

Also, if you get tired of trying and want to give up, you can
enter a Q (for “quit”) to end your misery and find out the an-
swer. Otherwise, you continue guessing until you get the code
right (four black, zero white), or until you have used up the max-
imum of twelve guesses.
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SAMPLE RUN

% DECODE e

FIGURE OUT A 4 POSITION CODE
USING THE DIGITS 1 THRU 6

‘BLACK INDICATES A CORRECT DIGIT
IM THE RIGHT POSITION.

‘WHITE INDICATES SOME OTHER CORRECT
DIGIT, BUT IN THE WRONG POSITIOM.

I7UE CHOSEM MY SECRET CODE.
GUESS MUMBER. { 7 6413

GUESS NMO. | BLACK 1 WHITE
GUESS NUMBER ” ~ @&

The program displays an introduction, chooses its secret code, and asks
for the operator’s first guess. After the operator makes a guess, the pro-
gram responds with a “black” and a “white” number, and asks for the
second guess.

SUMMARY
GUESS BLACK - WHITE
6413
3452
3445
2451
1454

GUESS NMUMBER 6 2 5454
GUESS MO. 6 -- BLACK + 4 WHITE -

YOU GOT IT IM 6 GUESSES.
...THAT’S PRETTY GOOD
HANT TO TRY AGAIN” B

Later in the same game, the operator asks for a summary, then makes
the guess that turns out to be correct. The program acknowledges that
the guess is correct and asks about trying another game.
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PROGRAM LISTING
READY.

188 REM: DECOLDE

118 REM: COPYRIGHT 1283

111 REM: TOM RUGG. FPHIL FELDMAM, AMD
112 REM: MESTERM SYESTEMI GROURF

128 D= P=dil=12

128 DIM GEILD GoPr, COF By WO
148 RE=REHDC~-TI
158 GOSUER I“HH
1vE GOSUE Bas:
188 FRIMT"G
138 IMFUT A%

2E8 TF LEFTEORE, Lh="5" THEHN D
218 IF IFFTf Fg, Las="0" THEM &8
SEE

At

T

HOMBER" ;

THEH S

il IF Gl THEM 22609
[ I O A
o=l 0 D
RETLIRM
SVEOFOR T TP

R R T ORI L s e

G =R I DS TRE R 2 10

4 J

FOFRIETTCONVE DHOSER MY S
FRIMT

RETLIMER

IF G=1 THEW FRIMT"HD GUEDES
FOFRTHT CHEE AT
W PEIHT R,
rFIdT: Wr,;-

T,

SOWETY CGEOTD 1ED i
'”f‘l’:lr MO ERTHT
BLECE MHITE"

O TTEBC L RO T TR ST

L HFLH “'WH TEEE TT. R
3 FRITMT FRQHI”HELL, Y ODCIE W v
FLOR J*l T 4
FEIMT" ",
HOFOR Rl T BEE S MERT
HEST
FEINT CE:FREIHT
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COTD RESE

IF LEMCAS) 3R THEM 783

FIR JT=1 TO F

R ML T O, T, Lo
IF Rl OF R2DOTHE
HEXT

3 RETURH

FRIMT"ILLEGRL, TRY AGAIM."

GOTO L

B © L

| TOR

AL MRS RS, T, 100

AL CMIDECCE, T 100

CI=COTs THEM BeB+l Golisg:Col)=@

3OFOR J=1 T IR S0 THERN 236
'HMH F-lxr’ r"w] TI'T F’

E o x::L_j

HEST kKt H Ll+H

BEE MHEST T

: RETURMH

1@ Bolh=R oG =l PRIMT

18 PRIMT"CGUESE MO, "5 G0 " - BRI =" B
1815 FRIMT" WHITE =",

1” 63 ':'E'It~JT3EZF£TLIFH
2R PRIMT CHREC147 0

A FRIMT "ok DECDDE i

FRIMT  FRIMT

I FRIMT'FIGURE OUT RSP "POSITION CODE"
FRIMT

~-'mr-."r"1.1:31!-4':3 THE DIGITE 1 THRU"D

B OFRINT  PRIMT
T F‘I"IH"""' BLACK " IMDICATES A O lw'F'Fr“' I'If"""

FPRIMTFRIMT"IM THE RIGHT PO
FRIHT
FRIMT"WRITE " IMDICATES S0ME OTHER CORREDT"
FRIMT
FRIMT"ITEIT, BUT IM THE WRIMG POSTTION, "
FRINT FRIMT
RETURM
FRIMNT
F‘F'IHT”'r'l.lU GOT IT IW". G "GUESSESD
TOTHEM BE="OUTSTRMDIHGE!"

O G THEM I-w'“"f"r' ST Gt
THERM EdE="MOT BRD"
THEM Ef="HOT TOO SREAT"
e THEM BE="FRETTY BRI"

FF T e s THRT S "I BF

Lt
b

]
o
2]

X

Fx X

T iSE i

g

fox Jhcx JE5x By 3y

!

b st

i e
S &
-
]
_,__ s“)
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FRIMT

IHFUT"WAMT 70 TREY AGFATM"AF
IF LEFT®OAF, Lo="%" THEM 13
IF LEFTHOAE, 1 "RYOTHEM &
FRIMT  FRINT"COWMART, " FRIMT

FRIMT'THAT S wOUR LIMIT OF";L; "SUESSES. "
6 FRINT
FRINT MY CODE WAS " oF
B COT SEEA

RERTM.

EASY CHANGES

1. Modify line 120 to change the complexity of the code and/or
the number of guesses you are allowed. For example, the
following line would allow fifteen guesses at a five position
code using the digits 1 through 8:

120 D=8:P=5:L=15
The introduction will automatically reflect the new values
for D and P. Be sure that neither D nor P is set greater
than 9.
2. To change the program so it will always display the “Sum-

mary” information after each guess automatically, replace
line 280 with this:

280 GOTO 500
MAIN ROUTINES

120- 170 Initializes variables. Displays introduction.
Chooses secret code.

180- 240 Gets a guess from operator. Analyzes reply. Dis-
plays result.

250 Determines if operator guessed correctly.

260- 280 Saves guess. Adds one to guess counter. Determines
if limit on number of guesses was exceeded.

300- 310 Subroutine to initialize variables, choose secret
code and inform operator.

500- 570 Subroutine to display summary of guesses so far.

600- 680 Subroutine to slowly display secret code when
operator quits.
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700- 790
800- 930
1000-1020
1200-1340
2000-2130

2200-2240

Subroutine to determine if operator’s guess was
legal.

Subroutine to determine number of black and white
responses for the guess.

Subroutine to display number of black and white
responses for guess.

Subroutine to display title and introduction.
Subroutine to analyze operator’s performance after
correct answer is guessed and ask about playing
again.

Subroutine to display secret code after operator ex-
ceeds limit of number of guesses.

MAIN VARIABLES

D Number of possible digits in each position of the
code (i.e., a digit from 1 to D).

P Number of positions in the code.

L Limit of number of guesses that can be made.

G$ Array in which guesses are saved.

G,C Work arrays in which each guess is analyzed.

B,W Arrays in which the number of black and white re-
sponses is saved for each guess.

R,H Work variables.

G Counter of the number of guesses made.

AS$ Reply by the operator.

Cs Secret code chosen by the program.

J,K Loop variables.

B,W Number of black and white responses for this guess.

B$ String with message about operator’s performance.

SUGGESTED PROJECTS

1. Change the analysis at the end of the game to take into ac-
count the difficulty of the code as well as the number of
guesses it took to figure the code out. A four position code
using the digits 1 through 6 has 1296 possibilities, but a five
position code using 1 through 8 has 32768 possibilities.
Change lines 2020 through 2060 to determine the message to
be displayed based on the number of possibilities in the code
as well as G.
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2. At the beginning of the game, give the operator the option
of deciding the complexity of the code. Ask for the number
of positions and the number of digits. Make sure only “rea-
sonable” numbers are used —do not try to create a code with
zero positions, for example. Another approach is to ask the
operator if he/she wants to play the easy, intermediate, or
advanced version. Then set the values of D and P accord-
ingly. Suggestions are:

Easy: D=3 and P=3
Intermediate: D=6 and P=4
Advanced: D=8 and P=5

3. Inaddition to using the number of guesses to determine how
well the operator did, keep track of the amount of time.
This will require use of the GET function instead of the IN-
PUT function in line 190, and a bit of logic to “build” the A$
reply one character at a time. By counting the number of
null strings encountered while waiting for keys to be
pressed, you can “time” the operator.
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NUMBERS

¥ HAVE 8
%ﬁéﬂs«»’%f 7
DICE PASS

GROAN
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ROADRACE

ROADRACE
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YOUR HOUE? 5
THINKING. .

WARI

KALEIDO



152 More than 32 BASIC Programs for the Commodore 64 Computer

SPARKLE

SQUARES
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WALLOONS

WALLOONS
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GRAPH

TUNE



GROAN

PURPOSE

Do you like the thrills of fast-paced dice games? If so,
GROAN is right up your alley. It is a two-person game with the
computer playing directly against you. There is a considerable
amount of luck involved. However, the skill of deciding when to
pass the dice to your opponent also figures prominently.

The Commodore 64 will roll the dice for both players, but
don’t worry —it will not cheat. (We wouldn’t think of stooping
to such depths.)

Why is the game called GROAN? You will know soon after
playing it.

HOW TO USE IT

The game uses two dice. They are just like regular six-sided
dice except for one thing. The die face where the “1” would nor-
mally be has a picture of a frowning face instead. The other five
faces of each die have the usual numbers two through six on
them.

The object is to be the first player to achieve a score agreed
upon before the start of the game. Players alternate taking
turns. A turn consists of a series of dice rolls (at least one roll,
possibly several) subject to the following rules.

As long as no frown appears on either die, the roller builds a
running score for this current series of rolls. After each roll with
no frown, he has the choice of rolling again or passing the dice
to his opponent. If he passes the dice, his score achieved on the
current series is added to any previous total he may have had.
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But if he rolls and a frown appears, he will be groaning. A
frown on only one die cancels any score achieved for the current
series of rolls. Any previous score is retained in this case. How-
ever, if he rolls a double frown, his entire previous total is wiped
out as well as his current total. Thus, he reverts back to a total
score of zero—true despair.

The program begins by asking what the winning score should
be. Values between 50 and 100 tend to produce the best games,
but any positive value less than 1000 is acceptable. Next, you are
asked to hit any key to begin the simulated coin toss which ran-
domly decides who will get the first roll.

Each dice roll is portrayed with a short graphics display. The
dice are shown rolling and then the outcome is displayed pictori-
ally. Before each roll, the Commodore 64 indicates whose roll is
coming up.

Each roll is followed by a display of the scoreboard. This
scoreboard gives all relevant information: score needed to win,
both players’ scores before the current series of rolls, and the
total score for the current series.

If a frown should appear on a die, the scoreboard will indicate
the current running total as zero. In addition, the previous total
will become zero in the case of the dreaded double frown. In
either case, the dice will be passed automatically to the other
player.

If a scoring roll results, the roller must decide whether to roll
again or to pass the dice. The program has a built-in strategy to
decide this for the computer. For you, the question will be asked
after the scoreboard is displayed. The two legal replies are P and
R. The R means that you wish to roll again. The P means that
you choose to pass the dice to the computer. If you should score
enough to win, you must still pass the dice to add the current
series to your previous total.

The first player to pass the dice with a score greater than or
equal to the winning score is the victor. This will surely cause his
opponent to GROAN. The computer will acknowledge the win-
ner before signing off.
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SAMPLE RUN

The operator has decided to challenge the computer to a fifty point
game of Groan.

AND MOM A COIM TOSS FOR FIRST ROLL

THE COIM IS IM THE AIR AND

. YOU GET FIRST ROLL

The operator wins the coin toss and gets the first dice roll.
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YOU HAVE 6 POINTS THIS SERIES 7
(P=PASS DICE - R=ROLL AGAIN)
YOUR DECISION (P OR R) ?

The operator’s roll results in a 2 and a 4 for a total of 6 points. The
operator must now decide whether to pass the dice or risk rolling again.

21 WAVE 8 POINTS THIS SERIES %

e

(3
DICE PASS TO YOU )

Later in the same game, the computer rolls a three and a “groan.” This
scores no points for the series and the dice pass to the operator.
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PROGRAM LISTING

FERDY.

188 REM: GROAM

118 REM: COPYRIGHT 1333

111 REM: PHIL FELDMAM., TOM REUGEE, AMD

112 REM: WESTERM SYSTEME GROUR

S8 WsRMIC-TI

168 S=1824: 05=04272

178 DL=22a

180 B=les: D=1E8 =196

138 POKE D328, & POKE 53281.6

1235 PRIMT CHRECD)

b FRIMT CHRECI4ATX I TABCLEY  "GROAM" (FRIMT
21E PRIMT D PRIMT"HOW MUCH MEEDED TO WMIMY
15 ITHFUT" CBETHEEM S8-18@ IS BEST) "iW

B =TT O IF W=@ THEM 218

A FRIMT FRIMT

) PFIHT”HHD MW A COIM TOSE FOR FIRST ROLL"

| F IJTIFFIH” FPRIMT"THE C2IM IS IM THE RIR AMD"
i GO CleRMD L D TGS THEM (st

FRIMT (FRIMT SPCCE
FOE J=1 TO S:PRIMT . "0 GOEUE 250 MEST
FRIMT 2#:" GET FIRET REOLL":GOIUR
SEUPORE SEERLLEFRINT CHREECS)
D OTHEM 49

-.IH. IHPI'LJ.'-TH GO RE ROLLTHG"
] 1T LR ayuisl
e THER Te==@

F FoE THEM FRIMT"DIC EOTOOME"
IF F38 THEM GOSUE CHOTO 48

RIHT " P=RE =ROIL RGFATHD "

R DECISION CF OR R) 7
THER %56

"r" *HEm
EOTHERM
CHmAT O TF M
=l FRINT CHREE

THEN 376
14TJ='LTW S

o a @ M RO TG

FIMT DICE PAZS TO YoUm
mefA T REE
FRINTI L ROLL ASATM
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OO 418
MITH THIS"
p=ld THEM 378

T ||,,y‘u

L

g R

r.
£

=3 =)

v
@mam@mémmm@w

TORMING L b1
~FFGDEUE a2

Fe e W s

Tl B L PRy

it Aamiab

i

1] K

ek RN EUSUE Eﬁﬂif

8 F ] = 1 *HCH Fa=l HT
sve IF RE=1 THEHM F=F+1: SR
SE6H IF F=2 THEM GOSUER &
524 PETHPH
sl = - CE =] GOSUE EDE
i D=t TR FOR . TO I HEET
mad FRIE 'u14?x RETIIREH
EEE PORE s PR D33, ] I e
555 FPOEE = ”uk[ BT A
EErE ORI 73 P'VF Co@@e0E, L FOR F=1 TO A
SES FOKE rhkr e o N

1 PORE d =

ayE PORE i
&7S FPREE
aoE FPORE
Tea MR RETIIRM

TES FOKE
719 FOKE - PR -
P19 POKE C+33, 35 POKE CHO4DS, 1 FOKE
FEE FPOKE CHARFIS, 1 POKE
«T;NHPE Ced 140N, 1 LI
CKE D]+ U":.- ’ l P

BB, EF

1
%

L],

- RETURN
Py R l'""“'."'."-#*! = 1
.+_“,.1 ‘POKE 1P RETURN
CE 0L E1POKE D08, 1 RETURN
‘E C-1,810POKE C-1408, 1

UKE G4l 810 FOKE G140, 1 RETURM
FRINT CHRECLS

[ et B Tt Bt Bt B T B |

L]

B85 FOR J=1 TO 9PRINT CHRECLTDS :HENT

218 FRIMT TRECHT D "GROAM"  GOSUT

B2E FOR J=1 TO S:FRIMT CHREC14%S

255 FRIMT TABL14);CHREC1E): " DESPATRY < RETLRM
30 FOR K=1 TO 1588 HEXT:RETURH

S48 FOR E=1 TO SR80 HEXT: RETURN

258 FRIMT CHREEC1SD
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i FOR J=1 TO L3 PRINT CHRECLT ) KT
& FPRINTFOR J=1 T 11
1 FRINT CHREECED ; HEXT

CPRIMT" SCOREBCRRD “;

=1 TO 1ZPRIMT CHRECE: ; MOMT

SR FRTHT CHEE Tl,' SEMCOEY
"FOTMTS WMERDEL 790 WMIM" TRECRG ) CHREC R
DM

A T”‘“l T CFRIET CHREFOD G HEST
2 r'r T CHREE I-,' s 'Ti
FREIMT CHREFECR
FRIMT THBCI4 .i EHFJ?' B
FRIHMT CHREY M BEFQRE THISM
FREINT THE: CHREE LY DOHEE O S THREE Y
PRINT TARCZED DCHREE U DCOHRE D TRB RS ITHREC R
FRIMT CH ! 'IZF'JE*"'""HT 1'"4':H.
FRIMT THR CFTER I D HRE R
FRIMT CHREC R
FOR J=1 T
FREIMT DM
EOFPEIMT -
FRIMT " M STONPOIHTS THIS
FRIMT THEBCZE D S CHRECEY CG0STE
FOR J=1 T FRIMNT CHEFC R
FRIMT CPRIMT  RETIIRH
FRIMT CHREE R Z”"ﬂi' DG O Hr’kf Ti 2 RETURM
o OT=EPRINT CHREE L 4.’,' CoElE 25E
iF Po=W THEM FRIMTPRIMT"SHILL WIMNS SEHIM"
IF M=l THEM FREIMT"YO0 WMIH ~";
IF He=l THEM FRIMT" IT WAS SHEER LIS
PORE S3289, 14 POKE S3281.8
T
EoWefT D TFE WDl THEM 11806
IF Cul=Hxl1l THEM 1118
IF Pom=H THEM L=T 25 5070 1E5E
IF WIH THEM L=TS239:53070 1956
(e e
s ]'r FEHTIC L el THEM 1118
| sl RRET ||"'H
18 s RETURM

SCORET i ME" ;

CHREF DY & MERT
FeE

16
18
1
1@
16
1@
11
11

REATY .

EASY CHANGES

1. If you wish to set the program for a fixed value of the win-
ning score, it can be done by deleting line 210 and changing
line 215. Simply set W to the winning score desired. For
example:

215 W=100
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would make the winning score 100.

. The rolling dice graphics display before each roll can be

eliminated by adding line 507 as follows:
507 GOTO 550

This has the effect of speeding up the game by showing each
dice roll immediately.
After you play the game a few times, you may wish to
change the delay constants in lines 830 and 840. They con-
trol the “pacing” of the game; i.e., the time delays between
various messages, etc. To speed up the game try

830 FOR K=1 TO 500:NEXT:RETURN

840 FOR K =1 TO 1000:NEXT:RETURN

Of course, if desired, the constants can be set to larger
values to slow down the pacing.

MAIN ROUTINES

150- 180 Initializes constants.

200- 280 Initial display. Gets winning score.
300- 390 Human rolls.

400- 475 Commodore 64 rolls.

500- 620 Determines dice roll, drives its display.
650- 760 Draws die face and outline.

800- 825 Displays groan messages.

830- 840 Delay loops.

850- 960 Displays scoreboard.

970- 990 Ending messages.
1000-1110 Computer’s strategy. Sets X =0 to stop rolling or

X =1 to continue rolling.

MAIN VARIABLES

XHUIL g

(o

Amount needed to win.

Previous score of human.

Previous score of computer.

Score of current series of rolls.

Computer strategy flag (0=stop rolling; 1=roll
again).

Cutoff threshold used in computer’s built-in
strategy.
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\% Score computer would have if it passed the dice.

Q,Q% Work variable, work string variable.

J,K Loop indices.

P$ String of name of current roller.

R1,R2 Outcome of roll for die 1, die 2.

R Outcome of a die roll.

F Result of roll (0=no frown; 1 =one frown; 2 =dou-
ble frown).

B,D,U CHRS arguments for border, divider, underline.

S Starting argument for CRT displays.

C1,C2 POKE address of die 1, die 2.

C POKE address of a die.

NT Argument for TAB function.

DL Delay Length

SUGGESTED PROJECTS

1.

The computer’s built-in strategy is contained from line 1000
on. Remember, after a no frown roll, the Commodore 64
must decide whether or not to continue rolling. See if you
can improve on the current strategy. You may use, but not
modify, the variables P, T, H, W. The variable X must be
set before returning. Set X =0 to mean the computer passes
the dice or X =1 to mean the computer will roll again.
Ask the operator for his/her name. Then personalize the
messages and scoreboard more.

Dig into the workings of the graphics routines connected
with the dice rolling. Then modify them to produce new,
perhaps more realistic, effects.
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JOT

PURPOSE

JOT is a two player word game involving considerable mental
deduction. The Commodore 64 will play against you. But be
careful! You will find your computer quite a formidable
opponent.

The rules of JOT are fairly simple. The game is played entirely
with three-letter words. All letters of each word must be
distinct — no repeats. (See the section on Easy Changes for fur-
ther criteria used in defining legal words.)

To begin the game, each player chooses a secret word. The re-
mainder of the game involves trying to be the first player to
deduce the other’s secret word.

The players take turns making guesses at their opponent’s
word. After each guess, the asker is told how many letters (or
hits) his guess had in common with his opponent’s secret word.
The position of the letters in the word does not matter. For ex-
ample, if the secret word was “own,” a guess of “who” would
have 2 hits. The winner is the first person to correctly guess his
opponent’s secret word.

HOW TO USE IT

The program begins with some introductory messages while
asking you to think of your secret word. It then asks whether or
not you wish to make the first guess. This is followed by you and
the Commodore 64 alternating guesses at each other’s secret
word.
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After the computer guesses, it will immediately ask you how it
did. Possible replies are 0, 1, 2, 3, or R. The response of R (for
right) means the Commodore 64 has just guessed your word cor-
rectly—a truly humbling experience. The numerical replies in-
dicate that the word guessed by the computer had that number
of hits in your secret word. A response of 3 means that all the
letters were correct, but they need to be rearranged to form the
actual secret word (e.g. a guess of “EAT” with the secret word
being “TEA”).

After learning how it did, the computer will take some time to
process its new information. If this time is not trivial, the Com-
modore 64 will display the message: “I'M THINKING” so you
do not suspect it of idle daydreaming. If it finds an inconsistency
in its information, it will ask you for your secret word and then
analyze what went wrong.

When it is your turn to guess, there are two special replies you
can make. These are the single letters S or Q. The S, for sum-
mary, will display a table of all previous guesses and correspond-
ing hits. This is useful as a concise look at all available informa-
tion. It will then prompt you again for your next guess. The Q,
for quit, will simply terminate the game.

When not making one of these special replies, you will input a
guess at the computer’s secret word. This will be, of course, a
three letter word. If the word used is not legal, the computer will
so inform you. After a legal guess, you will be told how many
hits your guess had. If you correctly guess the computer’s word,
you will be duly congratulated. The computer will then ask you
for your secret word and verify that all is on the “up and up.”
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SAMPLE RUN

70 V)
JUST A MOMEMT PLEASE

THANKS, MOW LET‘S EACH THINK
OF OUR SECRET HORD

(THIS TAKES ME A WHILE ...)
I/VE ALMOST GOT 1IT

0K, DO YOU WANT TD GO FIRST? M

The player and the computer each select their secret words. The com-
puter is given the first guess.

I/VE ALMOST GOT IT ...

0K, DO YOU WANT T0 GO FIRST? M

MY GUESS IS -- ROB
HOW DID I DO (B-3 OR R)? {

I’M THINKING ...
VOUR GUESS (OR S OR Q)7 RAT
S Is e

UE
300 Py H
YOUR GUESS (OR * 0OF 0,7

The computer and player exchange the first few guesses and their results
with each other.
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6
H
E
1
6
H
E
I

DU =C OV =C

YOUR GUESS (OR ‘. Ok G,7

Later in the same game, the player requests a summary before making
his guess.

MY GUESS IS -- FIB
HOKW DID I DO (8-3 OR R)?

YOUR GUESS (OR S OR Q)7 §

OR Q)7 HID

HOW DID I DO (GB% oK ¥ B
IT SURE FEELS GOOD
MY WORD WAS - DIP
HOW ABOUT AMOTHEP LAME” @

The computer, however, guesses correctly to win the game. After reveal-

ing its secret word, the computer offers another game but the player has
had enough.
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PROGRAM LISTING

READY.

188 REM: JOT

118 REM: COPYRIGHT 1283

111 REM: PHIL FELDMAM. TOM ELGE. AMD
118 REM: WESTERM SYSTEME GROLF

158 M= M= @ W=D

168 DIM RAE O BEH-N D

178 DIM GLECMD, G2EMI  HLOMY H2 M

208 Gl=0:Ga=0

218 LM R=RHDC-TI

258 FRIMT CHRE$C14F2EPCOLEN CHREEC1E T O T FRINMT
2E8 PRIMT"JUST A MOMEHT PLERSE wo..."
265 GOSUER 2888 : PRINT  (h=RMDCL k-1

2FE PRIMTYTHAMES, MO LETS EACH THIMK"
o]

3

VS PRIMNT"OF OUR SECRET WORD

SE FPRIMTPRIMT"(THIS TAKES ME A WHILE ...2"

2HA GOSUER 2208 GOSUER 2080 ME=QE PRIMT PRIMT"OK. "
298 IMPUT"DO YOU WAMT TO GO FIRET" QF

210 DE=LEFTECRE, 10 IF QF="H" THEM c@E

328 IF QF="%" THEWM 508

I PRIMT:PRIMT"YES OR MO PLEASE" :PRIMT:GOTO 3@0
SEE PRIMT: IMPUT"YOUR GUESE (OR 5 OR 20".P$

SEE OIF PE=USt THEM G0SUR 18689 G070 SEg

518 IF PE="0" THEM 1166

526 IF FE=ME THEW Gl=Gl+1GLE0G) i=FE

525 IF PesME THEM HLCOGL =D G070 34089

e GOsUE 180

3 IF F=8 THEM FRIMT"THAT S MOT A LEGAL WORED":

& IF F=8 THEW FRIMT" -~ TREY AGAIM":GOTO @8
RE=MEF0SUE 208 QE=FPE:GOIUE 15868

FRINT"# OF HITS IS5":0
GilemGl+1  GLECE] D=EE ML G el

IF Gls=k THEM ZE2e

GEE Gl COSUE RO GZ=0Ee ] GREGD 0 =0F

BlE PRIMTOPRIMT"MY SUESE IS - "I0%
SRE THFUT"HOW DID T DO @32 OR RY"IPE

EEE PE=LEFTECPF, 1D

S48 IF FE="R" THEM H2UG2I=5:0G0T0 3288

658 F=YALIPE)

5% IF P32 OR CP=0 AMD FEUE"D THEM GOSUE G
56 IF PR3 OR OP=H AMD PEOTE"Y THEM GOTO &1
TE GOTO Geg

EES PRIMT "EBAT AMSWER" RETLURH

EEE TR L3188 THEM FRIMT:FRIMT"I M THIMEIMG o..0"
EFE HECGE =P COSUE S0

Sl B oG)
2 & @

i

i

1]

Zhic
pe
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D00 00 0 5
o

o1 0

0 00 O

J o O Py &

O 00 O
[ By s I o B R s B s BRI Ax B BN e B w §
i i} i

LS s Wy}

)

33

s L0 L0 LD D AT

£

i,
o

A R

K

&
i
a3
4
=

L0 L0

i,

X% ]

FIEIE
lel@
las
1G58
1635
1648
1845
1858
1 &
1Ees
1BEE
1878
1873
1876
1 RIS
1825
1856
1168
1118
1128
1138
1566
1518
1528
16668
1618
168
1218
1328
1838

s

GOTD D@
C=GERECGE D HebE OGS T
L=l.~1:IF L1 THEM 286
J=Ja1 0 IF JEL THEM 78
Pa= T EOEUE 2990 COSUE 1569

iF Q= THEM S189
Rz Bl GOSUR 2408 L=l~1

IF L1 THEM 2688

IF LI=J THEM S28
RETIIRHM
FREIMT FRINT"SOMETHIMG S WROMG 11
FREIMT  THFUT"WHAT 5 YOUR SECRET WORD"FPE
GOEUE 1886

IF F=£ THEM PRIMT:PRIMT"ILLEGAL WORD";

IF F=@ THEM MRIMT" - I MEWER HAD A CHAMCE"
IF F=8 THEM GOTO 1188
FRIHT
FRIMT"YOU ZAVE A BAD AMSMNER SOMEMHERE --"
FRIMT"CHECK THE SUMMARY" :GOSUR 1088
GOTO 1188

FRIMT  (=G1:IF GakGE1 THEH
IF G= THEM FRIMT"H2 GU WET!" CRETURM
FOR J=1 T 38 PRIMT "0 CHERT (PRIMT "
FRIMT"YOUR SUESSES M CHRER L ELMMARY "
FRIMT CHREEOL & MY GUESSES"

FRIMT CHREEC1S "WORD" §SPCC20 5 "HITES"

FRIMT TRECZE); "WORD" jSRCOE0 "HITS"

FOR J=1 TO QiE=1:IF J>% THEM K=g

IF J2G1 THEW FRIMT SPCOLTHRD T SPOEN;

IF T3 THEM PRIMT GRECTHSPCOZIIHIOT

IF TGl THEM GOTO 1856

IF J23E THEM FRIMT SFCOLIG1E0T0 i 8P0CEY,
IF J2GE THEW FRIMT H1CT0: SPO0Ek 0T

IF J2GE THEM GOTO 18538

FRIMT SFCCLDiGLECT BPOCED SHL 0T SFCEek
FRIMNT JiSPCOE i GEECTI I ERCOEN I HET
HEWT : RETURM

PRIMT : IMPUT"HOM AROUT AMOTHER GAME" ., 0E
QFE=_EFTEE, 12 IF QF="Y" THEM 206

IF QF="H" THEW EMD

PRIMT :PRIMT"YES OR HO FLEASE":GOTO 1182
FE=LEFTERE, 1) Q=0 GOSUR 1688
PE=MIDEAE, 2,12 GOSUE 18a@
FE=RIGHTECE, 1 GOSUE 1686 RETURM

IF FPE=M1$ OR PE=MZF OF FFE=M3F THEM D=6+1
RETURH

Jeld  Fa=g

JeJ+l D IF JoH THEM RETURM

H=J:GOSUE 2000 IF QF{HPF THEM 1818
F=1:RETIURHM

P
o3
-]
1]
i
33
i3}
=
=

G
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=

X P31 BID

PRI DI I e =

R @ &

By )

B )

pox

3 P 03 1D

Zzaa
24E
2416
2420
2600
e

= hEs)
FEEG
SE1a
26
[51%]
B

DU FE I I R VY Y

PEAERRELMA

ENATENS,

IF Q@24 THEM GE=EEC0-4)  RETURM
RE=AFL  RETURM
IF PN THEM BEOF-W)=FE RETURH
AF (R =FE RETURM
FOR A=H TO 188 STEF ~1:B=IHTORMICLD$A )+
GOSUE 24068 NEXT
FRIMT:PRIMT"IVE ALMOST GOT IT ..."
FOR A=33 TO & STEF ~1:B=IMTORMIDCL &M +1
GOISUE 2490 HEST  RETLRM
CGOEUE 2E00: PE=0F: ek
ZREE PR GOSUER 2198 PE=is
P GOSUE Z 196 RETURH
M=l EFTEO0E, 10 M3E=MIDF0F. 2, 10
M= IGHTERE, 1) RETURM
RESTORE :FOR F=1 TO H:READ P
GOSUR 2108 HEXT RETURH
FRIMT FRIMT"IT SURE FEELS G000
FRIMT FRIMT"MY WORD WMAS - "iMF
GOTD 11868
FRIMT
FREIMT"COMGEATULATIOMS ~ THET WAS IT" PRIMT
THPUT"WHAT WAS YOUR WORD"FF: GOSUE 1868 =1
IF F=@ THEM FRIMT
IF Fe=f) THEM PRIMNT"ILLEGAL WORD":
IF Fa=@ THEM FRIHMT" - I HAD WO CHAHCE"
= THEM GOTO 11lae
L= GOSUE 2808
IF F THEH FRIMT FRIMT"MICE WORD
IF QF=F% THEMCGOTDO 1196

1 TmJ+l:IF Jo=L THEM 3430

FRIMT FRIMT"Y0U MADE AH ERRDRE SOMEMHERE"

3 PRIMT"—— CHECK THE SUMMARY"

56118
5028

GOSUE 18863070 110

HOPRIMT  FRIMT"SORREY., I-M CUT OF MEMORY" :FRIMT
HOFRIMT MY WORD WAS ~ "oMEGOTD 118

DATA ACE., ACT. ADE ., ADC. ADES, AFT . AGE
DATA AGOLAITDL AL, AIMALRE, ALE . AILF
DATH AMDL AT AMY  AFE. AFT AR
TETE AR ARM ART . FAEH . [AER, AS

SATE
DATEA FIME . AL FSE S AYE . BRI BAG BRAM
DETA BAR. BAT, BAY. BEDL BEG, BET. 21D

DATHA IR EIT . B BCOG. B0, B0k

I DATA BOY. BUD BUCG BUM, BUM ., BUZ. BUT

DATH EUY, BYE. CAB. CATDL. CAM, CAM . CAF

3ODAETH CAR, CAT . COE, SO0 COG, COM, COF
BODATA COT . oML oY . CRY . CUE, CUD ZUE

TATAE CUR, CUR CUT . DA TEM, TRY . DEH

EODATA DEMW. DI DIG, DIM DIM, DIF. DO

B DAETA DO0G, D0, DOT, DEY. DUE, DUE . TG
BODATA DYE, DUD. ERR. ERAT . EGD ELK, ELFM
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2 DATA EMDL EML ERAL FAED FAG, FAM, FAR
DATA FAT, FETDL. FEM. F;»JFIH.FIP FIT
TETA FIdE, FILY FOE, FOGD, FOR. FOR. FRY
3OTFTA FURMFUR . GAF GAY . GEM, GET
DATA ETM, G CDLJUUHJGDTJFUMJUUH
BODATEA GLT GLY GYF L HAT R HAM . HAS
DATA HAT. HAY . HEM, HES . I HIM HIF
JODETE MIS, HIT, MER . HEM O WO, O
TATHA HOT, HOK . HUE . HUE . HUG, L HHT
GODATH TICE, TSN TR TR TP, DOk, TR
TATEHE TREE, ITS, IV TR JAR THHJTJT
A DATACTOR, JOG, JOT..00M, JUG, TAG, TRM
HODATAE JET, JIE. JOG, JUTREG. KEY  KID
2EE DATA EIMEIT.LAB LA, LAE LAF . LEAL
SFE DATA LAY LA LED LEG LET LIDLLIE
BODATA LIRS LT L0E, LOG. LR LOT . L0
DODATA LYE . MATD FAR . MAF . MAR . MET . MAY
TATE PIEMET P IT MIOE . MO, MO U5
BODATA I, MUE HAR MAG MEF . HEY . HET
O DATA MER, ML HIF S HOT L WHOT . HOR . MO
BODATA MUAT . CAF CRkE SRR ORT . ODE, D11
1 DATA DT OHE OFT ORE  OUR DT, WA
DETA DR S DL DL FAT PR FER S PR
DATA FAT.FAER PAY ., PERLPEG, FEMLFET
BODATAH FPEM.PIEFIGFIT,FLY. PODL POT
4GU TATA POS, PER.FIM, PR, FRY ., PLIE, FURH
441U DATA PLUS, PUT.REAG, RAM, BAM. RAF . BAT
S428 DATA RAM. RAY. RED, RIBRIT, REY, RIG
5438 DATA RIMRIF,ROE, ROD.ROE. ROT, 800
F448 DATA FEUE RUE. RUG, RUM RUM . BT, BYE
5458 DATA SALLEAGE. SAF.SAT SR, SAY  SET
5458 DATA SEW. SEH. SHY ., SEM. h)'HFJ“J
54?':.3 DF‘ITI"“ '*-IFJM-IT-.,-I ':.'S,J.J'.V? T n.ﬂ:’p
54358 DATA S0T.50M, UH-@U¥~$PH,4P”JZT
S458 DATH SUE, UM S0 TAE. TATL TAG, TAM
STEE DATA TAF. TAS. TAR, TERA. TEM. THE ., THY
5518 DATA TIC.TIE. TIM.TIF, TOE. TOM. TOR
3320 DATA THH TOY, TE ?'T“w-T”D;TM“ IR
SOEE DATA USE, UPS WAM. YAT ., EH.JIH VIE
a548 DATA VIMJ?DMJ AR AN YEM L YESOYET
5558 DATA ?UU;HHD.UHU;HHHJHHR;MI-.HHA
DOEE DATA WAY ., WEE, MED  WET o WHD, WHY WG
S57E DATA NIH WIT . WO, MOM., MEY . ZIF.FIE

RERDY.
EASY CHANGES

1. It is fairly common for players to request a summary before
most guesses that they make. If you want the program to



JOT 173

automatically provide a summary before each guess, change
line 500 to read

500 GOSUB 1000:PRINT:INPUT“YOUR GUESS
(OR Q)";P$

and delete line 505.

2. The maximum number of guesses allowed, M, can be
changed in line 150. You may wish to increase it in conjunc-
tion with Suggested Project 2. You might decrease it to free
some memory needed for other program additions. The cur-
rent value of twenty-five is really somewhat larger than
necessary. An actual game almost never goes beyond fifteen
guesses. To set M to 15 change line 150 to read

150 M=15:N=406:V=250

3. Modifying the data list of legal words is fairly easy. Our
criteria for legal words were as follows: they must have three
distinct letters and not be

— capitalized

—abbreviations

—interjections (like “ugh,” “hey” etc.)

— specialized words (like “ohm,” “sac,” “yaw” etc.)
In line 150, N is set to be the total number of words in the
data list. The data list itself is from line 5000 on.

To add word(s), do the following. Enter them in data state-
ments after the current data (use line numbers larger than
5570). Then redefine the value of N to be 406 plus the
number of new words added. For example, to add the words
“ohm” and “yaw” onto the list, change line 150 to read
150 M =25:N=408:v=250
and add a new line
5580 DATA OHM,YAW
To delete word(s), the opposite must be done. Remove the
words from the appropriate data statement(s) and decrease
the value of N accordingly.

MAIN ROUTINES

150- 170 Dimensions arrays.
200- 330 Initializes new game.
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500- 570
600- 680
800- 870

900- 950
1000-1090
1100-1130
1500-1610
1800-1830
2000-2010
2100-2110
2200-2240
2400-2420
2600-2610
3000-3010
3200-3220
3400-3460
3600-3610
5000-5520

Human guesses at the computer’s word.
Computer guesses.

Evaluates human’s possible secret words. Moves
them to the front of A$-B$ array.

Processes inconsistency in given information.
Displays the current summary table.

Inquires about another game.

Compares a guess with key word.

Checks if input word is legal.

Sets Q$ to Qth element of A$-BS$ array.

Sets Pth element of A$-B$ array to P$.
Shuffles A$-B$ array randomly.

Swaps elements A and B in the A$-BS$ array.
Breaks word QS into separate letters.

Fills A$-B$ array from data.

Post-mortem after computer wins.
Post-mortem after human wins.

Error routine—too many guesses.

Data.

MAIN VARIABLES

v

N

M

A$

B$
G1$,G2%
H1,H2

G1,G2
M3
M1§,M28,
M3$
P$,Q$

L

F
H
A,B
J,P,Q
K

Size of A$ array (250).

Total number of data words.

Maximum number of guesses allowed.

String array holding first V data words.

String array holding last (N-V) words.

String arrays of human’s, computer’s guesses.
Arrays of human’s, computer’s hits corresponding
to G13,G28S.

Current number of human’s, computer’s guesses.
Computer’s secret word.

First, second, and third letters of a word.

String temporaries and work variables.

Current number of human’s possible secret words.
Flag for input word legality.

Number of hits in last guess.

AS$-BS$ array locations to be swapped.
Temporaries; array and loop indices.

Formatting variable used in summary display.
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SUGGESTED PROJECTS

1.

Additional messages during the course of the game can per-
sonify the program even more. After the Commodore 64
finds out how its last guess did, you might try an occasional
message like one of these:

JUST AS I THOUGHT...
HMM, I DIDN'T EXPECT THAT. ..
JUST WHAT I WAS HOPING TO HEAR...

The value of L is the number of words to which the compu-
ter has narrowed down the human’s secret word. You might
check its value regularly and when it gets low, come out with
something like

BE CAREFUL, I'M CLOSING IN ON YOU.

Incorporate a feature to allow the loser to continue guessing
at the other’s word. The summary display routine will al-
ready work fine even if G1 and G2 are very different from
each other. It will display a value of “9” for the number of
hits corresponding to the correct guess of a secret word.
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OBSTACLE

PURPOSE

This program allows you and a friend (or enemy) to play the
game of OBSTACLE, an arcade-like game that’s one of our
favorites. A combination of physical skills (reflex speed, hand to
eye coordination, etc.) and strategic skills are needed to beat
your opponent. Each game generally takes only a minute or two,
so you’ll want to play a match of several games to determine the
better player.

HOW TO USE IT

The object of the game is to keep moving longer than your op-
ponent without bumping into an obstacle. When the program
starts, it asks in turn for the name of the player on the left and
on the right. Then it displays the playing field, shows the starting
point for each player, and tells you to press any key to start.

After a key is pressed, each player begins moving indepen-
dently in one of four random directions—up, down, left, or
right. As each player moves, he or she builds a “wall” inside the
playing field. The computer determines the speed of the move;
the player can only control his own direction. The player on the
left can change direction to up, down, left, or right by pressing
the key W, Z, A, or D, respectively. The player on the right does
the same by using the keys for @, / (slash), : (colon), and =
(equals). Find these keys on the Commodore 64 keyboard and
you will see the logic behind these choices.

The first time either player bumps into the wall surrounding
the playing field or the obstacle wall built by either player, he or
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she loses. When this happens, the program indicates the point of
impact for a few seconds and displays the name of the winner.
Then the game starts over.

The strategic considerations for this game are interesting.
Should you attack your opponent, trying to build a wall around
him that he must crash into? Or should you stay away from him
and try to make efficient moves in an open area until your oppo-
nent runs out of room on his own? Try both approaches and see
which yields the most success.

When pressing a key to change direction, be sure to press it
quickly and release it. Do not hold a key down —you might in-
hibit the computer from recognizing a move your opponent is
trying to make. Once in a while, only one key will be recognized
when two are hit at once.

SAMPLE RUN

NAME OF PLAYER OM LEFT? TOM
PLAYER ON RIGHT? PHIL

The program starts off by asking for the names of the two players.
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oM, YOU
IZI ’
‘D71

PHIL, YO

‘vz IS D
‘= IS R

I
HIT ANMY KEY TO START

The program tells each player which keys to use to change directions
and waits for a key to be pressed.

Ly )

:

o
g:n-----
§

'\W

AR

C

SIS ENNNITS AN -'-'-'-‘J-‘-'-'J-’h'&'c‘o‘c‘fo‘-‘n‘h':s:
PHIL HWINS!

The program draws the playing field and starts each player moving in a
random direction. Tom (on the left) doesn’t change direction soon
enough and crashes into the wall, making Phil the winner.
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PROGRAM LISTING
READY.

198 REM: OBSTACLE

118 REM: COPYRIGHT 1583

111 REM: TOM RUGE. PHIL FELDMAM., AMD

112 REM: WESTERM SYSTEMES GROUF

115 FRIMT CHRECS)

SE WmRMI-T T ISUE SER

125 FOKE S3281, 1 PRIMT CHREFCO14T 2 PRINMT

128 POKE 52329, 1 FOEE S3E81.4

138 PRINT TRAECLS CHREEC LS "ORETACLE"

148 FRIMT :FRIMT

141 FRIMT:PFRIMT A", YIURE ARE:"

142 PRIMT TRAECS: "W IS UF, TEC IS DOMML T
143 FRIMT TABCE "“A7 15 LEFT, 7D 15 RIGHT"
145 FRIMT:PRIWT BF: ", WOURES ARE:"

148 FRIMT TABCE: "-@° IS P, e LT T
147 FRIMT TARECSE: "7 I5 LEFT. =7 I3 RIGHT"
1560 PRIMTPRIMT TARCH"HIT AMY EEY TO STRRT"
158 GET R&:IF RF="" THEM 132

55 =30

16 AH=18 A= 18 Fe=2E BY=12 =35 B=102

185 S=1029  Es=LE7F  Als=IHT CgERMDCL D b1

167 EDR=IMT Ca@RMDCL Y 241 CO=0025  Al=E 1 BC=T

178 FEELLLPRIMT CHRECL4T 2 FORE S3381.49
158 T LR MEET

e SEE GODUR Es

2ED =1 T 19:GET RE:HEHET

= Wy T=ADS0SUE 18083

o=

228 R A
2TE W CDREDCGOSUT 1 GE

0, F it )

e 2 v Ty ey
245 IF AR=1 OR DBR=1 THEM 488
258 EOSUE Des

255 FOR J=1 TG 14

260 GET RE

260 TF Rd=s"l" THEM (5]

EVE IF RE="Z" THEM Al=Z

280 IF RE="A" THEM Q=3

el FE="7" THEM AD=d

T RgeEY THEM Bl

- R'.'i:"""'"."." THEH “‘.:; .-:Sf

© RE=""OTHEM BR=D

bt Ff="=" THEM BI=%
e MERT

23| GOTD 21

SEE GOSUD TEE: HeEE
418 IF BRE=1 THEM M=

=AY
W s
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$oE FOR
438 FOKE
Gheb

Jelo TG LD

e s
S Y

Fk

‘ FIOR

4R MEAT

486 FOR s

ST

3 POKE

THMLIT "

FREINT

THFUT"PLAYER OW RIGHT" . D¥

RETLIRH

FRIMT CHREECLR

FlkR J=1 T0O 12

FRIMHT CHESC1V ) CHERT

IF AR=1 AWND BRE=1 THEH
A P BlR=1 THEM R

calEs

95 HERT

TOOSECCET R HEAT

1.1 PRIMT CHREEC147 0 F
e DF PLAYER O LEFT"

3

FIMTUSOL BOTH LIEED"

TR

FRIMT Rfi" WIHg1";
RETLIRH

Pl
FOKE
FOKE

i

T

fax}

R I R
o

3]
= T

T e e L T e

S15 POKE ©S5+d@#EY-+EA
528 RETURHN
956 FOR H=@ TO 35

RS

POKE S+, POKE S+880+1, E
MEST (FOR Y=g TO 22
POKE £ S+dBu s B POKE £ S+400Y+350, E HEXT
RETURH
IF D=1 THEH Y=Y-1
IF D=2 THEH Y=Y+l
IF D=3 THEH M=

<1 Ty A o I
LR o il o) o I iy B R B cr oy B B It B

3]

ST

i,

s i iy i

D IRE) N

SE IF Ded THEM M=

R=g
IF FEEKS+4B#y+3 (332 THEM R=1
RETURH

=
X

N A N R N Py I S
fbodi i o R

= o

READY.

EASY CHANGES

1. To speed the game up, change the 10 in line 255 to a 5 or so.
To slow it down, make it 12 or 15.

2. To make both players always start moving upward at the
beginning of each game (instead of in a random direction),
insert the following statement:

168 AD=1:BD=1
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To make the players always start off moving toward each
other, use this statement instead:

168 AD=4:BD=3

3. To change the length of time that the final messages are dis-
played after each game, modify line 420. Change the 15 to 8
(or so) to shorten it, or to 25 to lengthen it.

4. Change the keys that are used to determine each player’s
direction by altering the appropriate values in lines 265
through 330. For example, to make the X key cause the
player on the left to go down, make this change:

270 IF R$=“X” THEN AD=2

Don’t forget to change the display in lines 141 through 147 to

agree.

MAIN ROUTINES

120- 150
152- 200
205- 250
255- 350
400- 490
600- 640
700- 760
900- 920

950- 990
1000-1060

Initializes variables. Gets players’ names. Displays
titles, playing field.

Waits for key to be pressed to start game. Re-
displays playing field.

Makes move for player A (on left side) and B (on
right). Saves results.

Accepts moves from keyboard and translates
direction.

Displays winner’s name at bottom of screen.
Flashes a diamond where collision occurred. Goes
back to start next game.

Subroutine that gets each player’s name.
Subroutine that displays winner’s name.
Subroutine that POKEs each graphics character of
each player’s obstacle on the screen.

Subroutine that displays playing field.

Subroutine that moves marker and determines if
space moved to is empty.

MAIN VARIABLES

AX,AY
BX,BY
A
B
S

Player A’s current coordinates.

Player B’s current coordinates.

A’s marker (numeric value of graphics character).
B’s marker.

Starting address of CRT memory area.
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AD,BD Current direction that A and B are going (1 =up,

2=down, 3 =left, 4 =right).

E Graphics character for edge of playing field.

R$ Character being read from keyboard; also work
variable.

CO Starting address of CRT color map.

AC Color of A’s marker.

BC Color of B’s marker.

X,Y Temporary work coordinates.

AR,BR Result of A’s and B’s moves (0= okay, 1 =loser).

A$,BS Names of players A and B.

Z Graphics character for collision.

J,K Subscript variables.

SUGGESTED PROJECTS

1.

2.

Keep score over a seven game (or so) match. Display the cur-
rent score after each game. Don’t forget to allow for ties.
Modify the program to let each player press only two keys —
one to turn left from the current direction of travel, and one
to turn right.

Instead of a game between two people, make it a game of a
person against the computer. Develop a computer strategy
to keep finding open areas to move to and/or to cut off
open areas from the human opponent.

Change the size of the playing field. The 39 in line 950 is the
width and the 22 in line 970 is the height. Note that line 160
has the starting coordinates of the two players (AX, AY,
BX, and BY). You may want to change these if you make
the field smaller.
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ROADRACE

PURPOSE

Imagine yourself at the wheel of a high-speed race car winding
your way along a treacherous course. The road curves unpre-
dictably. To stay on course, you must steer accurately or risk
collision. How far can you go in one day? How many days will it
take you to race cross-country? Thrills galore without leaving
your living room.

The difficulty of the game is completely under your control.
By adjusting the road width and visibility conditions, ROAD-
RACE can be made as easy or as challenging as you wish.

HOW TO USE IT

The program begins with a short graphics display. It then asks
you to hit any key to begin. Next you are requested to provide
two inputs: road width and visibility. The road width (in
characters) can be set anywhere between 3 and 12. The degree of
difficulty changes appreciably with different widths. A very nar-
row setting will be quite difficult and a wide one relatively easy.
Visibility can be set to any of four settings, ranging from “terri-
ble” to “good.” When visibility is good, the car appears high on
the screen. This allows a good view of the twisting road ahead.
When visibility is poor, the car appears low on the screen allow-
ing only a brief look at the upcoming road.

Having set road width and visibility, the race is ready to start.
The car appears on the road at the starting line. A five-step start-
ing light counts down the start. When the bottom light goes on,
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the race begins. The road moves continually up the screen. Its
twists and turns are controlled randomly. You must steer the car
accurately to keep it on track.

The car is controlled with the use of two keys near the lower
left and right corners of the keyboard. Pressing the Z will cause
the car to move to the left while pressing the / (slash) will cause a
move to the right. Doing neither will cause the car to continue
straight down.

The race proceeds until the car goes “off the road.” Each such
collision is considered to terminate one day of the race. After
each day, you are shown the number of miles achieved that day
along with the cumulative miles achieved for consecutive days of
the race.

After each collision, you can proceed by pressing either C, R,
or Q. Selecting C will continue the race for another day with the
same road conditions. Cumulative totals will be retained. R will
restart the race. This allows changing the road conditions and
initializing back to day one. Q simply quits the race and returns
the computer back to direct Basic. Either of the last two options
will produce a display of the average miles travelled per day for
the race.

There are several different ways to challenge yourself with the
program. You can try to see how far you get in a given number
of days. You might see how many days it takes you to go a given
number of miles—say 3000 miles for a cross-country trip. As
you become proficient at one set of road conditions, make the
road narrower and/or the visibility poorer. This will increase the
challenge. Different road conditions can also be used as a han-
dicapping aid for two unequally matched opponents.



ROADRACE 187

SAMPLE RUN

ROAD HWIDTH (3-12)7 7@

The program displays the logo and begins the short input phase. The
operator selects a course with a 7 character road width.

The operator selects a course with fair visibility.
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The car is on the starting line. The starting light counts down the begin-
ning of the race. When the last light goes on, the race will be off and
running. :

The operator, steering the car from the keyboard, finally crashes. A
distance of 118 miles is travelled on this leg for a total of 133 miles in 2
days. The options for continuing are displayed while the program waits
for the operator’s choice.
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PROGRAM LISTING
REMADY .
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PRINT" 4 -
THPLIT " 15
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FEIH*" S &
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RN IO E R
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AN RN O PRIMNT
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Gl &
FRIMT R
O S

OO HER

REATY.

EASY CHANGES

1. The keys which cause the car to move left and right can be
easily changed. You may wish to do this if you find that two
widely separated keys are less convenient. The changes are
to be made in line 150. Left and right movements are con-
trolled by the two string variables L$ and RS$. If, for exam-
ple, you wanted 1 to cause a left move and 9 to cause a right
move, change line 150 to read

150 L$ = “l”:R$ = “9”
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2. The amount of windiness in the road can be adjusted by
changing the value of LC in line 130. Maximum windiness is
achieved with a value of 0.5 for LC. To get a straighter
road, make LC smaller. A value of 0. will produce a com-
pletely straight road. LC should lie between 0. and 0.5 or
else the road will drift to one side and linger there. To get a
somewhat less winding road, you might change line 130 to

read

130 LC=0.3:RC=1-LC

MAIN ROUTINES

120-170
200-290
300-330
350-370
400-430
440-450
600-650
700-795
800-950

Variable initialization.

Gets road conditions from user.
Initializes the road.

Determines the next road condition.
Updates the car position.

Processes end of race day.

Draws next road segment.

Graphics to begin race.

Initial graphics display.

MAIN VARIABLES

Road width.

Visibility.

Miles driven on current day.

Number of days of the race.

Total miles driven for whole race.

Elapsed time during race.

String characters to move car left, right.
Position of left and right sides of road.
Random value cutoff to move road left, right.
Leftmost, rightmost allowable road position.
User replies.

Screen location of car.

Arguments of CHRS for road segments.

POKE arguments for graphics.

POKE arguments.

Array of POKE arguments for display message.
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JK,Q Loop indices and work variables.
Z,2C POKE arguments for car location.

SUGGESTED PROJECTS

1.

Write a routine to evaluate a player’s performance after each
collision. Display a message rating him anywhere from “ex-
pert” to “back seat driver.” This should involve comparing
his actual miles achieved against an expected (or average)
number of miles for the given road width and visibility. For
starters, you might use

Expected miles = W3 + (10*V) — 35
This formula is crude, at best. The coding can be done be-
tween lines 550 and 600.
Incorporate provisions for two players racing one at a time.
Keep cumulative totals separately. After each collision, dis-
play the current leader and how far he is ahead.
Add physical obstacles or other hazards onto the road in
order to increase the challenge. This can be done with ap-
propriate POKE statements before the various RETURNS in
lines 600-650. The program will recognize a collision if the
car moves into any non-blank square. WARNING — Be sure
the address arguments of any POKEs lie between 1024 and
2023. Anything else may result in hanging up your system or
other strange occurrences.
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PURPOSE

Wari is an old game with roots that are much older. Its origins
go back thousands of years to a variety of other similar games,
all classified as being members of the Mancala family. Other
variations are Awari, Oware, Pallanguli, Kalah, and countless
other offshots.

The program matches you against the computer. You are
probably going to lose a few games before you win one—the
computer plays a pretty good game. This may hurt your ego a
little bit, since Wari is purely a skill game (like chess or
checkers). There is no element of luck involved, as would be the
case with backgammon, for example. When you lose, it’s be-
cause you were outplayed.

HOW TO USE IT

When you start the program, the first thing it does is display
the Wari board and ask you if you want to go first. The board is
made up of twelve squares in two rows of six. Your side is the
bottom side, numbered one through six from left to right. The
computer’s side is on the top, numbered seven through twelve
from right to left.

At the start of the game, each square has four “stones” in it.
There is no way to differentiate between your stones and the
computer’s. They all look alike and will move from one side to
the other during the course of play.

The first player “picks up” all the stones in one of the squares
on his side of the board and drops them, one to a square, start-
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ing with the next highest numbered square. The stones continue
to be dropped consecutively in each square, continuing over
onto the opponent’s side if necessary (after square number 12
comes square number 1 again).

If the last stone is dropped onto the opponent’s side and leaves
a total of either two or three stones in that square, these stones
are captured by the player who moved, and removed from the
board. Also, if the next-to-last square in which a stone was
dropped meets the same conditions (on the opponent’s side and
now with two or three stones), its stones are also captured. This
continues backwards until the string of consecutive squares of
two or three on the opponent’s side is broken.

Regardless of whether any captures are made, play alternates
back and forth between the two players.

The object of the game is to be the first player to capture
twenty-four or more stones. That’s half of the forty-eight stones
that are on the board at the beginning of the game.

There are a few special rules to cover some situations that can
come up in the game. It is not legal to capture all the stones on
the opponent’s side of the board, since this would leave the op-
ponent with no moves on his next turn. By the same token, when
your opponent has no stones on his side (because he had to move
his last one to your side on his turn), you have to make a move
that gives him at least one stone to move on his next turn, if
possible. If you cannot make such a move, the game is over and
counted as a draw.

During the course of the game, it’s possible for a square to ac-
cumulate twelve or more stones in it. Moving from such a square
causes stones to be distributed all the way around the board.
When this happens, the square from which the move was made
is skipped over. So, the square moved from is always left empty.

It takes the computer anywhere from five seconds to about
forty seconds to make a move, depending on the complexity of
the board position. The word THINKING is displayed during
this time, and a period is added to it as each possible move is
evaluated in sequence (seven through twelve).
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SAMPLE RUN

WHAKI

COMPUTER
18 9 CAPTURED

4 COMPUTER @

4 You 8

3

HAMT TO GO FIRST? YES

The program starts off by drawing the playing board and asking who
should move first. The operator decides to go first.

COMPUTER
ie 3 CAPTURED

4 S COMPUTER 8

4 |4 You 8

3 4

YOUR MOVE? S
THIMKING. .

The program asks for the operator’s move. He or she decides to move
square number 5. The program alters the board accordingly, and begins
“thinking” about what move to make.
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HAFRI

COMPUTER
16 CAPTURED

3 COMPUTER 19

i You 8

YOUR MOVE? |
THIMKING .

Later in the same game, the computer is about to move square number
12, which will capture 7 more stones and win the game.

PROGRAM LISTING
READY.

188 REM: MWARI

118 RBEM: COFYRIGHT 15Es

111 REM: TOM RUGE. FPHIL FELIMAM. AMD

112 REM: MEZTERH SWGTEMS bFUHF

128 J=1IK=129~14 =13 =1

1859 PORE D228 SRR ETCﬁl-ﬂ FRIMT CHRFCD

138 TIM Ta.:.'..,.u-u,.wfaw [ N R N

198 WA=REMHDC =TI WE=RMEC L WE=WEAR

LS WA, 2540E lde—n~.4*ldT 1500

FWP J=1 T DRI =g WEST
i 1 mg HH«H hD*,E

3 IRPLT " WEAT T

2ECFRINT DFRE= lu

U THERM S5

LMY THER 188

GOSUE LEWmE PRIMNT T T TF  GOSUE 18ms

BEOPRIMTUTHIMEIME" ) G 518

[

LL 0
=
i

=E
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1325 IF ML THEM 22E3

28 GOSUER 1953 PRINT DE:GOSUR 1258

285 PRIMT"MY MOVE 1S"iM

218 FOoR J=1 T0 Q:TCTi=58 TE0EUE B0

3N
i
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bl
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WOLE LATIRY
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EASY CHANGES

1.

Want a faster moving game against an opponent who isn’t
quite such a good player? Insert the following two lines:

555 GOTO 600

665 E(A)=V(K):GOTO 690

In the standard version of the game, the computer looks at
each of its possible moves and each of your possible replies
when evaluating which move to make. This change causes
the computer to look only at each of its moves, without
bothering to look at any of your possible replies. As a result,
the computer does not play as well, but it takes only a few
seconds to make each move.

If you are curious about what the computer thinks are the
relative merits of each of its possible moves, you can make
this change to find out. Change line 690 so it looks like this:
690 PRINT E(A);:NEXT:M=0:FA= -F:FOR J=1TO 6
This will cause the program to display its evaluation number
for each of its moves in turn (starting with square seven). It
will select the largest number of the six. A negative value
means that it will lose stones if that move is made, assuming
that you make the best reply you can. A value of negative 50
indicates an illegal move. A positive value greater than one
means that a capture can be made by the computer, which
will come out ahead after your best reply.

MAIN ROUTINES

120- 155 Initializes variables. Displays board.
160- 180 Asks who goes first. Evaluates answer.
190- 220 Determines computer’s move. Displays new board

position.

230- 240 Determines if computer’s move resulted in a win.

Displays a message if so.

250- 300 Gets operator’s move. Checks for legality. Displays

new board position.

310- 320 Determines if operator’s move resulted in a win.
330- 340 Displays message if illegal move attempted.

350- 500 Subroutine to make move M in T array.

360- 390 Copies T array into Y array (inverts if computer is

making the move).

400- 430 Makes move in Y array.
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440- 450
460- 470
480- 500
510- 710
750- 800

810- 880
900- 970

990-1010

1050

1100-1110

1200-1280

2000-2020

Checks for captures. Removes stones. Checks
previous square.

Sees if opponent is left with a legal move.

Copies Y array back into T array.

Subroutine to determine computer’s move.
Subroutine to create graphics strings for board
display.

Displays ending message. Asks about playing again.
Subroutine to display stones on board and cap-
tured, and “cross-bars” of board squares.
Subroutine to move cursor to “YOUR MOVE”
position on screen.

Subroutine to move cursor to “MY MOVE” posi-
tion on screen.

Backspace cursor 1 space and display 1 blank
character.

Subroutine to display Wari board (without stones),
titles, and square numbers.

Displays message when computer has no legal
move.

MAIN VARIABLES

IK
Q,P,F,D
T.Y,W
\

E
B
WA,WB

MN
R$

Subscript variables.

Constant values of 14, 13, 50 and 12, respectively.
Arrays with temporary copies of the Wari board.
Array with evaluation values of operator’s six possi-
ble replies to computer’s move being considered.
Array with evaluation values of computer’s six
possible moves.

Array containing Wari board. Thirteenth element
has stones captured by operator. Fourteenth has
computer’s.

Weighting factors for evaluation function.

Move number.

Operator’s reply. Also used as switch to indicate
whose move it is (C for computer, H for human).
Move being made (1-6 for operator, 7-12 for com-
puter). Set negative if illegal.

Subscript used in dropping stones around board.
Last square in which a stone was dropped.
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FA

FB

FC

FD

FE

Stones on opponent’s side of the board after a
move.

Subscript used to indicate which of the six possible
computer moves is currently being evaluated.

First evaluation factor used in determining favora-
bility of board position after a move (indicates com-
puter’s number of occupied squares).

Second evaluation factor (total stones on
computer’s side of the board).

Third evaluation factor (number of squares with
two or less stones).

Fourth evaluation factor (number of stones in most
populous square on computer’s side).

Total stones on board.

AS$,B$,C$ String of graphics characters used to display the

D$

Wari board.
String of 32 blanks.

SUGGESTED PROJECTS

1.

Modify the program to declare the game a draw if neither
player has made a capture in the past thirty moves. Line 300
adds one to a counter of the number of moves made. To
make the change, keep track of the move number of the last
capture, and compare the difference between it and the cur-
rent move number with 30.

Modify the evaluation function used by the computer
strategy to see if you can improve the quality of its play.
Lines 600 through 660 examine the position of the board
after the move that is being considered. Experiment with the
factors and/or the weighting values, or add a new factor of
your own.

Change the program so it can allow two people to play
against each other, instead of just a person against the
computer.
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Section 4

Graphics Display
Programs

INTRODUCTION TO GRAPHICS DISPLAY PROGRAMS

The Commodore 64 is an amazing machine. It has very useful
color graphics capabilities in addition to its other capacities.
Programs in the other sections of this book take advantage of
these graphics to facilitate and “spice up” their various output.
Here we explore their use for sheer fun, amusement, and
diversion.

Ever look through a kaleidoscope and enjoy the symmetric
changing patterns produced? KALEIDO will create such effects
to keep you hypnotized.

Two other programs produce ever changing patterns but with
much different effects. SPARKLE will fascinate you with a
changing shimmering collage. SQUARES uses geometric shapes
to obtain its pleasing displays.

WALLOONS demonstrates a totally different aspect of the
computer. This program will keep you entertained with an ex-
ample of computer animation.
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KALEIDO

PURPOSE

If you have ever played with a kaleidoscope, you were prob-
ably fascinated by the endless symmetrical patterns you saw dis-
played. This program creates a series of kaleidoscope-like
designs, with each one overlaying the previous one.

HOW TO USE IT

There is not much to say about how to use this one. Just type
RUN, then sit back and watch. Turning down the lights and
playing a little music is a good way to add to the effect.

Have a few friends bring their Commodore 64’s over (all your
friends do have Commodore 64’s, don’t they?), and get them all
going with KALEIDO at once. Let us know if you think you
have set a new world’s record. Please note that we will not be
responsible for any hypnotic trances induced this way.
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SAMPLE RUN

One of the patterns generated by the KALEIDO program.

PROGRAM LISTING
READY .

AE REM: KALETTI
Y R i
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u_mm
1;11 ﬂ

16 RETURH

TMM 1

b= U1T" T ff T
1 To LH

THEM WaE=Y
aHrH

CRETURE

L TR

SEDTO REE

X THI:H 'T'._'-mw-u DED R W el T T o W B

rJ ”'l' T, 0

EASY CHANGES

1.

Change the first part of line 180 to say D= — D instead of
D =1. This will cause alternating inward and outward draw-
ing of the designs rather than always outward from the
center.
In line 795, change the constant of 2000 to 10000. This will
cause a delay of about fifteen seconds between the drawing
of successive design instead of three seconds. Or, remove
line 795 to eliminate the delay entirely.
Modify the range of graphics characters from which the
ones in the design are randomly selected. This is done by
modifying the values of M and T in lines 135 and 160. For
example, try
M= 5and T= 76
or M=30and T= 76
or M=12and T=116
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Experiment with other values. Be sure that M and T are both
positive integers, that T is at least 65, and that the sum of M
and T is no greater than 128.

Eliminate reverse graphics characters by deleting line 165.

Or, lower the frequency of use of the reverse graphics
characters by increasing the value of .5 in line 165 to, say, .8
or .9. Similarly, you can increase the frequency of use of
reverse graphics characters by lowering the .5 to .1 or .2.

You can change the designs into ones with only four point

symmetry by doing the following:

1. In lines 140 and 150, change the 6 to a 12.
2. In line 930, change the W to a J.

3. Insert this line

245 GOTO 790

MAIN ROUTINES

120- 140
150- 170
180

200- 790

795
900-1020

2000-2010

Housekeeping. Initializes variables, RND.

Picks seven random graphics characters.

Selects D, K, and L to draw patterns inward or
outward.

Mainline routine. Determines axes of pattern.
Delays about three seconds after drawing design.
POKESs graphics character into axes of design, then
determines coordinates of points between axes.
Generates random color.

POKEs characters and colors between axes
(subroutine).

MAIN VARIABLES

A,B

A H&Em Ogw
Z

Coordinates of center of design. Upper left corner
is considered to be (0,0).

Starting address of CRT memory map area.
Direction in which design is drawn (1 =outward,
— 1 =inward).

Array for the seven random graphics characters.
Subscript variables.

Numeric representation of lowest graphics
character to be used.

Inner and outer bounds of design (distance from
center).
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X,Y Coordinates of character being POKEd on horizon-
tal, vertical, or diagonal axes.

X2,Y2 Coordinates of character being POKEd between
horizontal, vertical, or diagonal axes.

M Number of possible graphics characters to choose
from, not counting reverses.
C Starting address of CRT color map.

Cl1 Random color of graphics character.
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SPARKLE

PURPOSE

This graphics display program provides a continuous series of
hypnotic patterns, some of which seem to sparkle at you while
they are created. Two types of patterns are used. The first is a set
of colored concentric diamond shapes in the center of the screen.
Although the pattern is somewhat regular, the sequence in which
it is created is random, which results in the “sparkle” effect.

The second type of pattern starts about two seconds after the
first has finished. It is a series of “sweeps” across the screen—
left to right and top to bottom. Each sweep uses a random
graphics color that is spaced equally across the screen. The spac-
ing distance is chosen at random for each sweep. Also, the
number of sweeps to be made is chosen at random each time in
the range from 11 to 30.

After the second type of pattern is complete, the program goes
back to the first type, which begins to overlay the second type.

HOW TO USE IT

Confused by what you just read? Never mind. You have to see
it to appreciate it. Just enter the program into your Commodore
64, then sit back and watch the results of your labor.
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SAMPLE RUN

|’ r"_'.r;l' It’\\\'
,'l,ﬁ\{&;r"—

One of the patterns generated by the SPARKLE program.

PROGRAM LISTING
REATY .

188 REM: SPARKLE

118 REM: COPYRIGHT 1383

111 REM: TOM RUGGE, FHIL FELDMAM. AMD
112 REM: HESTERM SYSTEMS GROUF

128 R=RHDC~TI) FRIMT CHREC147)

125 PORE 3328, 1:'POKE 33281.8

138 DIM ACLE . BOLEYA=15E=12 5= 1024 C1=S5529S
143 T=IMTOITHERMICL Y 2466

1568 FOR J=8 TO 12:ACT =T BT b=l MEST
168 FOR J=@ TO 12:R=INTCIZ3%RMICL )

A W=ACT) CACT =AY CACR =0 HERT

FOR Je=@ TO 12 R=THTC13#RHICL 00
W=BL I cBOTo=D0RD  BOR =0 HEST

FOR J=@ TO 12:'FOR k=2 TO 12
R=F0Y 0 =R O+ T
=R =R GOSUE 206

BIDIIY = e
oo D OO )
poUiice Ry Y R A
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[
b

ZEEE MERT

s b HE

1 HE
GOTO Lebd
THT

FEATY

EASY CHANGES
1. Make the second type of pattern appear first by inserting

this line:
135 GOTO 400

Or, eliminate the first type of pattern by inserting:
145 GOTO 400

Of, eliminate the second type of pattern by inserting:
360 GOTO 140

2. Increase the delay after the first type of pattern by increas-
ing the 2000 in line 350 to, say, 5000. Remove line 350 to
eliminate the delay.

3. Increase the number of sweeps across the screen of the sec-
ond type of pattern by changing the 10 at the right end of
line 410 into a 30 or a 50, for example. Decrease the number
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of sweeps by changing the 10 to a 1, and also changing the
21 in line 410 to S or 10.
Watch the effect on the second type of pattern if you change
the 22 in line 420 into various integer values between 2
and 100.
Change the value of N and M in line 400 to alter the graphics
characters used in the second type of pattern. For exam-
ple, try

M=5and N=76
Be sure N is at least 65 and the sum of N and M is no more
than 128.

MAIN ROUTINES

120-130 Initializes variables. Clears screen.
140-320 Displays square pattern in center of screen.
150-190 Shuffles the numbers 0 through 15 in the A and B

arrays.

200-320 POKEs graphics characters to the screen.

350

Delays for about 2 seconds.

400-480 Overlays the entire screen with a random graphics

character spaced at a fixed interval chosen at
random.

900-940 Subroutine to POKE graphics character C to loca-

tion (X,Y). Upper left corner of screen is location
(0,0).

MAIN VARIABLES

R
A,B

A,B
S
T
J,K

W
X,Y

Random integer. Also, work variable.
Arrays in which shuffled integers from 0 to 12 are -
stored for use in making first type of pattern.
Coordinates of center of screen (19 across, 12
down).

Starting address of CRT memory area.

Integer from 66 to 102, used in creating random
graphics characters. Also, work variable.

Work and loop variables.

Work variable.

Coordinates of a position on the screen for a
graphics character.
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Graphics character to be POKEd to screen at X,Y.
Lowest graphics character to be used in second type
of pattern.

Multiplier used in getting a random integer to add
to N.

Starting location of color map.

Color for current graphics character.

z zO

Q0
[\S I

SUGGESTED PROJECTS

Make the second type of pattern alternate between “falling
from the top” (as it does now) and rising from the bottom of the
screen.
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SQUARES

PURPOSE

This is another graphics-display program. It draws a series of
concentric squares with the graphics color used for each one
chosen at random. After a full set of concentric squares is
drawn, the next set starts again at the center and overlays the
previous one. They are actually rectangles, not squares, but let’s
not be nit-pickers.

HOW TO USE IT

As with most of the other graphics display programs, you just
sit back and enjoy watching this one once you get it started.
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SAMPLE RUN

LLLLLLLY.
ANV

One of the patterns generated by the SQUARES program.

PROGRAM LISTING
REATY.

199 REM: SOURRES
118 REM: COPYRIGHT 1983

111 REM: TOM RUGG. PHIL FELDMAM, FHD
112 REM: WESTERM SWSTEMS GROUF

128 J=RMIC=TID :FRINT CHR

121 POKE S3888.1:F

22 CLOBI=S5:iC10L0s
124 Clodi=1S8: 010

138 GOSUE S90:Me=]

148 Ca=IMTO258RHDY L

1568 FREIMT DHM$Q145};

1ed IF RHDCL22.S THEM FREIMT CHREECLS S
178w W=l =k 0SUE TEE

158 ek,

180 YeldB el EE kb GOSUE S8

SEE =157 G05UE 200

218 b= IH— 1
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W ] T Kk GOSUR SEE

CEmTHT CRMDC L FRINT CHREECDLODED 2
IF M2 THEN
EOTO LEE
FRINT CHEECD

5]
fix i

L]

fRx i)

=

PRIMT CHREECERY
FRINT CHRECLT N b

@

e

RETURH

5}
PEE FOR J=1 TO K
PR FRINT CHRES:

FR =1 TO R

FOR s

REATMY .

EASY CHANGES

1. To eliminate the variable speed feature of the program, in-
sert this line:

135 R=25

This will cause the speed to be fixed at about the level of the
average speed when the variable speed feature is active. In-
stead of 25, try 1 for high speed, or 50 or 100 for low speed.
2. To eliminate the use of reverse graphics characters in the
display, remove line 160.
3. To make the patterns less regular, try inserting these lines:

802 D=0:IF INT(J/2)=J/2 THEN D=1
804 X=X+D
815 X=X-D

MAIN ROUTINES

120-130 Initializes variables. Clears screen. Determines
speed for this set of squares.

140-160 Picks random graphics character.

170-220 Mainline routine. Draws a square using cursor con-
trol characters.

230-240 Determines if set of squares is done. If so, starts
over. If not, draws next square.

600-610 Subroutine to move cursor to center of screen.
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700-710

800-820

900

Subroutine to do K repetitions of printing CHRS of
Xand Y.

Subroutine to do K repetitions of printing CHRS of
X, Y, and Z.

Delay subroutine.

MAIN VARIABLES

JLK,W
N
R
C
X,Y,Z

Cl
C2

Work and loop variables.

Length of the side currently being drawn.
Random number from 0 to 49 for time delay.
ASCII values of graphics character.

ASCII values of characters being printed by
subroutines. Can be cursor control characters or
graphics characters.

Array of CRT ASCII colors to use for each square.
ASCII color code for current square.



WALLOONS

PURPOSE

The Commodore 64 is quite a versatile machine. This program
takes advantage of its powerful graphics capability to produce
computer animation. That’s right, animation! WALLOONS will
entertain you with a presentation from the Color Circus.

The Color Circus searches the world over to bring you the best
in circus acts and other performing artists. Today, direct from
their performance before the uncrowned heads of Europe, the
Circus brings you the Flying Walloons.

HOW TO USE IT

Just sit back, relax, and get ready to enjoy the show. Type
RUN and the Flying Walloons will be ready to perform. You
have a front row center seat and the show is about to begin.

Applause might be appropriate if you enjoy their perfor-
mance. Please note that the Walloons have been working on a
big new finish to their act which they haven’t yet quite perfected.
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SAMPLE RUN

PN

«
COMMODORE 64 9
PROUDLY

PRESENTS

NS

The billboard announces a new presentation of the (in)famous Com-
modore 64.

THE FLYING WALLOONMS

The Flying Walloons are to perform!
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The Walloons attempt a dangerous trick from their repertoire.

PROGRAM LISTING
RERATIY .

1688 REM:  WAELLCOMS

118 REM: COPYRIGHT 1583

111 REM: PFHIL FELIMAM., TOM RUGE, AMD
112 hEH MESTERM SYSTEMS GROUR

) TADDE, 2 PORE BIEs1.e

1536 FPIHT CHREECLIDE ) S CHREEC L 420
3 GOSLE LG CFOR =1 T OV IRRIMT CMEST

] 2 T T lu PﬂrE H4J 1:T
Tm=E TOO 1@
’ " AT LR g
S MEST CFOR =@ T LEPD E P EIR T, LET
S5E FOR =R T 18 PORE ARGREET . 187 MEST
SEE GOSUE 190
=VE PPIHF Tl .

30 COMMODCRE &4 PRINT
P EROUDLY " FRINT

BN

—«1

NES} TH lJ'PrlHT 4HP$’*M'; HMEST

528 FOR
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438 FOR J=1 TO L3:FRIMT"-";

435 FOR K=l TO 308 HEAT:HEH

440 DOSUE 1520 GOSUE 1592

450 OOSUE 1589 FOR J=1 TO 18 FRINT CHREC17);

G M
X
S

=168

CPRIMT TABCLEN "THE FLYIMG MALLOOME"

LBEE GO

Ui 1E

EENRCR
FOR Gs=r 108 TO A+ L7 PORE G 250 HEST
FoR =1 TO SE6E6:HE

AN R

M

§ T i1EE

CECELIT

1605 5
2 E0EE 18

B HEH
ETEF 46

T

FGOTO
FlseFi-

SR
114

o

B 1226 GOSUE 12E8: GOSUR 1389

i,

it
X3
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1828 FOR J=1 TO0 S:PRIMT CHRE$OL1VD MEST
1188 PRIMT Tﬁf'ln,i"uLHIS" GOSUE 1228
1118 GOSUE 1229 G050 15928 EMD

1588 PUR 1411U;‘Q?PUKE A+l11l.682

1618 FORE A+L12, 83 POKE A+113.67

1az@ PORE ALl @ PORE A+115.78

lesd PORE A+116, B2 POKE R+117. 190

ledd POk H+1wn;”q1”UKE AF155, a0
156 EOR+FLER, A+1El .87
i PORE 1*155-_w~5PUVV A+ 158, 285
d RETLIREM

Fl+123, 18 FORE A+1E4, 82
A+1ES. Ve PO "E Al
H+12?,6.1m
A 128, & “
: ﬁ+139;f"1PPIE H+1h“;rﬁ
A+181, 853 POKE A+1e2, 93
ok ﬂ*lu#-:d‘ FORE A+185, 223 RETURMN
7 POKE 32, 64 POKE P48, 21
TkE ﬂ+w1,ﬁ4 FOKE FA-+30, 53
A+ 152, 78 PORE A+121 PP RETURM
4 E e PUVE 4+““;32'PP}E M348 32
¥ M+ ], 52 FOKE A+S38, 3
FA+112, 32  PORE P+l¢1;3?5RETURH
FORE SEESLLLIPRIMT CHRECLST
; PHVE SIESL. P RETURM
Qe FOR L”l TO 1EEE: MEXT RETURN

FORE

4
o

EASY CHANGES

1. If you wish to have the Walloons perform more (or less)
jumps during their performance, change the value of NJ in
line 150 accordingly. To get five jumps, use

150 NJ =35

2. Timing delays are used often in the program. To change the
length of the delay, alter the 1000 in line 1920 to a different
value. Values larger than 1000 will lengthen the delays, while
values smaller than 1000 will shorten the delays.

3. You might want to personalize the title placard and make
yourself the presenter of the Walloons. This can be done by
altering the string literal, “COMMODORE 64” in line 270 to
something else. However, you cannot use a string with a
length of much more than 14 characters or it will print
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beyond the end of the placard. To say, for example, that
Simon Fenster presents the Walloons, change line 270 to:

270 PRINT TAB(13);“SIMON FENSTER”:PRINT

MAIN ROUTINES

150 Sets NJ.

200- 290 Displays title placard.

400- 470 Removes “proudly,” displays rest of title.

500- 530 Moves first Walloon into view.

600- 760 Second Walloon enters from the high platform.
800- 980 Flying Walloons perform.
1000-1110 Concludes Walloon’s performance.
1600-1670 Subroutine to draw lever with right side down.
1700-1760 Subroutine to draw lever with right side up.
1800-1820 Subroutine to draw Walloon with head at Poke

location A.

1850-1870 Subroutine to erase Walloon with head at A.
1900-1901 Subroutine to clear screen.
1920 Time delaying subroutine.

MAIN VARIABLES

NJ Number of jumps to make.
A Reference Poke location.
R Jump Counter.

J,K,L,Q Loop indices.

SUGGESTED PROJECTS

1. There are many possibilities for “spicing up” the Walloons’
act with extra tricks or improved ones. Perhaps you would
like to change their finish to something less crude.

2. If you add some alternate tricks or endings as suggested in
the previous project, try randomizing if and when they will
be done. Thus, the Walloon’s performance will be different
each time the program is run. At least their ending may be
variable.

3. Scour the world yourself for other acts to include in the
Commodore 64 Circus. Maybe someday we will have a com-
plete software library of performing artists.



Section 5

Mathematics Programs

INTRODUCTION TO MATHEMATICS PROGRAMS

Since their invention, computers have been used to solve
mathematical problems. Their great speed and reliability render
solvable many otherwise difficult (or impossible) calculations.
Several different numerical techniques lend themselves naturally
to computer solution. The following programs explore some of
them. They will be of interest mainly to engineers, students,
mathematicians, statisticians, and others who encounter such
problems in their work.

GRAPH takes advantage of the Commodore 64’s graphic
powers to draw the graph of a function Y = f(X). The function is
supplied by you. INTEGRATE calculates the integral, or “area
under the curve,” for any such function.

Experimental scientific work frequently results in data at dis-
crete values of X and Y. CURVE finds a polynomial algebraic
expression to express this data with a formula.

Theoretical scientists (and algebra students) often must find
the solution to a set of simultaneous linear algebraic equations.
SIMEQN does the trick.

Much modern engineering work requires the solution of dif-
ferential equations. DIFFEQN will solve any first-order ordi-
nary differential equation that you provide.

STATS will take a list of data and derive standard statistical
information describing it. In addition, it will sort the data list
into ranking numerical order.
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CURVE

PURPOSE AND DISCUSSION

CURUVE fits a polynomial function to a set of data. The data
must be in the form of pairs of X-Y points. This type of data oc-
curs frequently as the result of some experiment, or perhaps
from sampling tabular data in a reference book.

There are many reasons why you might want an analytic for-
mula to express the functional relationship inherent in the data.
Often you will have experimental errors in the Y values. A good
formula expression tends to smooth out these fluctuations.
Perhaps you want to know the value of Y at some X not ob-
tained exactly in the experiment. This may be a point between
known X values (interpolation) or one outside the experimental
range (extrapolation). If you wish to use the data in a computer
program, a good formula is a convenient and efficient way to
do it.

This program fits a curve of the form

Y=Co+C, X' +CX2+ ... +CpX"?

to your data. You may select D, the degree (or power) of the
highest term, to be as large as 9. The constant coefficients,
Co-Cp, are the main output of the program. Also calculated is
the goodness of fit, a guide to the accuracy of the fit. You may
fit different degree polynomials to the same data and also ask to
have Y calculated for specific values of X.

The numerical technique involved in the computation is
known as least squares curve fitting. It minimizes the sum of the
squares of the errors. The least squares method reduces the
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problem to a set of simultaneous algebraic equations. Thus these
equations could be solved by the algorithm used in SIMEQN. In
fact, once the proper equations are set up, CURVE uses the
identical subroutine found in SIMEQN to solve the equations.
For more information, the bibliography contains references to
descriptions of the numerical technique.

HOW TO USE IT

The first thing you must do, of course, is enter the data into
the program. This consists of typing in the pairs of numbers.
Each pair represents an X value and its corresponding Y value.
The two numbers (of each pair) are separated by a comma. A
question mark will prompt you for each data pair. After you
have entered them all, type

999,999

to signal the end of the data. When you do this, the program will
respond by indicating how many data pairs have been entered. A
maximum of 100 data pairs is allowed.

Next, you must input the degree of the polynomial to be
fitted. This can be any non-negative integer subject to certain
constraints. The maximum allowed is 9. Unless your data is well
behaved (X and Y values close to 1), the program will often not
produce accurate results if D is greater than S or so. This is
because the sums of powers of X and Y are calculated up to the
powers of 2*D. These various sums are several orders of
magnitude different than each other. Errors result because of
the numerous truncation and round-off operations involved in
doing arithmetic with them. Also, D must be less than the
number of data pairs. You will get an error message if you input
an illegal value of D.

A few notes regarding the selection of D may be of interest. If
D =0, the program will output the mean value of Y as the coeffi-
cient Co. If D=1, the program will be calculating the best
straight line through the data. This special case is known as
“linear regression.” If D is one less than the number of data
pairs, the program will find an exact fit to the data (barring
round-off and other numerical errors). This is a solution which
passes exactly through each data point.
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Once you have entered the desired degree, the program will
begin calculating the results. There will be a pause while this
calculation is performed. The time involved depends on the
number of data pairs and the degree selected. For twenty-five
data pairs and a third degree fit, the pause will be about half a
minute. Fifty data pairs and a fifth degree fit will take about a
minute.

The results are displayed in a table. It gives the values of the
coefficients for each power of X from 0 to D. That is, the values
of Co-C, are output. Also shown is the percent goodness of fit.
This is a measure of how accurately the program was able to fit
the given case. A value of 100 percent means perfect fit, lesser
values indicate correspondingly poorer fits. It is hard to say
what value denotes satisfactory fit since much depends on the
accuracy of data and the purpose at hand. But as a rule of
thumb, anything in the high nineties is quite good. For those in-
terested, the formula to calculate the percent goodness of fit is

LY. -Yy
L(Y.-Yy

P.G.F.=100* 1-

where Y, are the actual Y data values, Y, are the calculated Y
values (through the polynomial expression), and Y is the mean
value of Y.

Next, you are presented with three options for continuing the
run. These are 1) determining specific points, 2) fitting another
degree, 3) ending the program. Simply type 1, 2, or 3 to make
your selection. A description of each choice now follows.

Option 1 allows you to see the value of Y that the current fit
will produce for a given value of X. In this mode you are contin-
ually prompted to supply any value of X. The program then
shows what the polynomial expression produces as the value for
Y. Input 999 for an X value to leave this mode.

Option 2 allows you to fit another degree polynomial to the
same data. Frequently, you will want to try successively higher
values of D to improve the goodness of fit. Unless round-off er-
rors occur, this will cause the percent goodness of fit to increase.

Option 3 simply terminates the program and with that we will
terminate this explanation of how to use CURVE.
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SAMPLE PROBLEM AND RUN

Problem: An art investor is considering the purchase of
Primo’s masterpiece, “Frosted Fantasy.” Since 1940, the paint-
ing has been for sale at auction seven times. Here is the
painting’s sales record from these auctions.

Year Price

1940 $ 8000.
1948 $13000.
1951 $16000.
1956 $20000.
1962 $28000.
1968 $39000.
1975 $53000.

The painting is going to be sold at auction in 1983. What price
should the investor expect to have to pay to purchase the paint-
ing? If he resold it in 1986, how much profit should he expect to
make?

Solution: The investor will try to get a polynomial function
that expresses the value of the painting as a function of the year.
This is suitable for CURVE. The year will be represented by the
variable X, and the price is shown by the variable Y. To keep the
magnitude of the numbers small, the years will be expressed as
elapsed years since 1900, and the price will be in units of $1000.
(thus a year of 40 represents 1940, a price of 8 represents $8000.)
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SAMPLE RUN

- LEAST SQUARES CURVE FITTING -

EMTER A DATA PAIR IN
QUESTION MARK. E
AMD A Y VALUE SEP

DATA IS EMTERED, TYPE
E TO THE LAST QUESTION MARK.

T TO ACCEPT

The program displays an introduction and waits for the operator to
begin entering the data.

AND A Y VALUE SEPARATED BY A COMMA.

DATA 1S EMTERED, TYPE
TO THE LAST QUESTION MARK.

T0 ACCEPT

X
X
X
X
X
X
X
X

’
’
’
’
’
’
’
’

7

Y
Y
Y
Y
Y
Y
Y
Y

2 48
2?2 48
2?2 54
2?2 96
2?2 62
? 68
2 73
? 99
DATA

DEGREE OF POUYROMIAL 10 BE FITIED? ia

After the operator enters the data, he tries a first degree fit.
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DEGREE OF POLYMOMIAL TO BE FITTED? {

GOODMESS OF FIT= 9951014122
-- COMTIMUATION OPTIONS

PECIEIC POIMTS
DEGREE TO SAME DATA

The operator obtains a goodness fit of 95.1%. He wants to do better, so
he tries for another fit by selecting option 2.

HWHAT MEXT? 2
DEGREE OF POLYMOMIAL TO BE FITTED? 2

X POMER COEFFICIENT
(-] 38.475484

1 -1.83492574
.8276347154

GOODNMESS OF FIT= .998971767
—— CONTIMUATION OPTIONS --
1 - DETERMINE SPECI

- EIT AN 3

2 OTHER
3 - END PROGRAM

HHAT NEXT? 1

DEG

This second degree has a very high goodness of fit. The operator then

wants to extrapolate his data to the years 1983 and 1986. He selects op-
tion 1.
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ENTER 999 TO LEAVE THIS MODE

X=?_ 83
¥= 72.4187974

X=? 86
¥= 886.62662085
X=? 999

HHAT NEXT? 38

The operator found that he should expect to pay about $72,400 to buy
the painting in 1983. Around an $8200 profit could be expected upon
resale in 1986. The operator ends the program.

Of course, the investor did not make his decision solely on the
basis of this program. He used it only as one guide to his deci-
sion. There is never any guarantee that financial data will per-
form in the future as it has done in the past. Though CURVE is
probably as good a way as any, extrapolation of data can never
be a totally reliable process.

PROGRAM LISTING

FEMIM

RN E

FYREIGHT 1!
T FELTMA TOM RLGE, AMD
WMESTERM SYETEMS GRIOUP
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fx IHT i
EIHTEMTER
[, ""”“r'”'f”“ HHF‘I

[ HT ERDT Y WRLUE S

E TO EACH"
A WRILUE”

r—rthT1“[«'::1!"IT"'F'4I':T'EFT:I Fli TRTH
FRIMNT EF."
FRINTYIM RE S TE

Lm

~.*1 THPLIT i, ¥ RT3, YT

CXa=EF AMD 0T =ER ; PO
THEM FRINT FRIMT'HE MIRE TRTR AL
THEM GOTO 458

I IITL,. G1E
P F‘EIIHT
IF M
IF M
R T

e
vu’l*T'll

PRINT: PR

'Tl J..[: I'".L.T‘CT".

; ::}'D”rl:l b
FRIMT

FETURR

I'w:H s ]"l T

COMUET BE e 8

g e MOT EMGUGH DATE

AT TR TR T

T ”W wpmmw] %W
FRIMT -~ DEGREE TGO HIGH" G070
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VOTHER ERD

THER SCL dsmRO D L. Ly T RETURM

T ke
BOTHEM =]
A B T T I

. TUmF T, T CE R, T T
IF T4 THEM I=I+1:00T0 2116

B DOUFDR I=M-l TOO1 STER -1
FI'JF. Twl'-r l T M= 1 !
PRIV ECDS DRI R g S DA I SO

RETURHM

READY .

EASY CHANGES

1. The program uses 999 as the flag number to terminate
various input modes. This may cause a problem if your data
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include 999. You can easily change the flag number by
modifying the value of EF in line 160 to any value not
needed in your data. To use 10101, for example, make this
change:

160 EF =10101
To allow fits of higher degrees of 9, set the value of MD
appropriately:
170 MD =10

However, it must be stressed that it can be unreliable to at-
tempt high degree fits. Unless your data is well behaved (X
and Y values close to 1), the program will often not produce
accurate results if D is greater than 5 or so. This is because
sums of powers of X and Y are calculated up to powers of
2*D. These various sums are several orders of magnitude
different from each other. Errors result because of the
numerous truncation and round-off operations involved in
doing arithmetic with them. A practical limit for MD is 7.

The absolute limit of MD is 14.

MAIN ROUTINES

150- 170
200- 220
300- 380
400- 470
500- 550

600- 670

700- 780
800- 860
900- 940
2000-2180

Initializes constants.

Dimensions arrays.

Displays introductory messages.

Gets X-Y input data from the user.

Gets degree of polynomial from the user, deter-
mines if it is acceptable.

Sets up equations for the simultaneous equation
solver and calls it. _

Calculates goodness of fit, displays all results.
Gets user’s continuation option and branches to it.
Determines Y value corresponding to any X value.
Subroutine to solve simultaneous linear algebraic
equations.

MAIN VARIABLES

MX Maximum number of data pairs allowed.
MD Maximum degree allowed to fit.
EF Ending flag value for data input and X point mode.
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X,Y Arrays of X and Y data points.

NP Number of data pairs entered.

D Degree of polynomial to fit.

D2 2*D, the maximum power sum to compute.

N D + 1, number of simultaneous equations to solve.
ARV Arrays for simultaneous linear equation solver.
P Array for holding sums of various powers of X.
LJLLK,L Loop indices.

Q,G Work variables.

M Mean value of Y.

T Percent goodness of fit.

XV Specific X point to calculate Y for.

YV Y value corresponding to XV.

SUGGESTED PROJECTS

1. No provision for modifying the data is incorporated into the
program. Often it would be nice to add, subtract, or modify
parts of the data after some results are seen. Build in a capa-
bility to do this.

2. You may desire other forms of output. A useful table for
many applications might include the actual X values, calcu-
lated Y values, and/or percentage errors in Y.

3. Sometimes certain points (or certain regions of points) are
known to be more accurate than others. Then you would
like to weight these points as being more important than
others to be fit correctly. The least squares method can be
modified to include such a weighting parameter with each
data pair. Research this technique and incorporate it into
the program. (Note: you can achieve some weighting with
the current program by entering important points two or
more times. There is a certain danger in this, however. You
must only ask for a solution with D less than the number of
unique data points. A division by zero error may result
otherwise.)

4. Often you wish to try successively higher degree polynomials
until a certain minimum goodness of fit is obtained. Modify
the program to accept a minimally satisfactory goodness of
fit from the user. Then have the program automatically try
various polynomial fits until it finds the lowest degree fit, if
any, with a satisfactory goodness of fit.
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DIFFEQN

PURPOSE

Differential equations express functions by giving the rate of
change of one variable with respect to another. This type of rela-
tion occurs regularly in almost all the physical sciences. The
solution of these equations is necessary in many practical engi-
neering problems.

For many such equations, a closed form (or exact analytical
expression) solution can be obtained. However, for just as
many, no such “simple” solution exists. The equation must then
be solved numerically, usually by a computer program such as
this.

There are many types and classes of differential equations.
This program solves those of a simple type; namely, first order,
ordinary differential equations. This means the equation to be
solved can be written in the form

dy .

ax (any function of X,Y)
Here, X is the independent variable and Y is the dependent vari-
able. The equation expresses the derivative (or rate of change) of
Y with respect to X. The right-hand-side is an expression which
may involve X and/or Y.

To use the program, you must supply it with the differential
equation to be solved. The procedure to do this is explained in
the “How To Use It” section.

A technique known as the “fourth-order, Runge-Kutta”
method is used to solve the equation. Space limitations prevent
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any detailed explanation of it here. However, it is discussed well
in the numerical analysis books referenced in the bibliography.

HOW TO USE IT

The first thing you must do is enter the differential equation
into the program. This must be done at line 3000. Currently this
line contains a REM statement which you must replace. The
form of line 3000 should be:

3000 D = (your function of X,Y)

D represents dY/dX. GOSUBs are made to line 3000 with X and
Y set to their current values. Thus, when each RETURN is
made, D will be set to the appropriate value of dY/dX for that
given X and Y. If necessary, you may use the lines between 3000
and 3999 to complete the definition of D. Line 3999 already
contains a RETURN statement so you do not need to add
another one.

The program begins by warning you that you should have al-
ready entered the equation at line 3000. You acknowledge that
this has been done by hitting the C key to continue.

Now the various initial conditions are input. You are
prompted for them one at a time. They consist of: the initial
values of X and Y, the stepsize interval in X at which to display
the output, and the final value of X.

With the input phase completed, the program initializes things
to begin the output. A question mark will be displayed in the
lower left of the screen, telling you the program is waiting for
you to hit any key to begin the output.

The two-column output is displayed at each interval of the
stepsize until the final value of X is reached. Output may tem-
porarily be halted at any time by simply hitting any key. This
will stop the display until you hit any key to resume the output.
The output may be started and stopped as often as desired, thus
enabling you to leisurely view intermediate results before they
scroll off the screen.

SAMPLE PROBLEM AND RUN

Problem: A body, originally at rest, is subjected to a force of
2000 dynes. Its initial mass is 200 grams. However, while it
moves, it loses mass at the rate of 1 gram/sec. There is also an
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air resistance equal to twice its velocity retarding its movement.
The differential equation expressing this motion is:

dY = (2000-2Y) where Y = velocity (cm./sec.)
dx (200 - X) X =time (sec.)

Find the velocity of the body every 10 seconds up through two
minutes. Also, plot this velacity as a function of time.

Solution and Sample Run: The solution and sample run are il-
lustrated in the accompanying photographs.

DIFFERENTIAL EQUATION SOLVER

The operator hits a key to exit from the program. Then he enters the dif-
ferential equation into line 3000. He types RUN to restart the program.
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The operator has hit the Ckey. The program responds by beginning the

input phase.
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The operator has completed the input. The program signals with a ques-

tion mark that it is waiting for him to hit any key. It will not continue

the run until he does so.
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The operator hits a key and the program responds with the tabulated
output. X is time in seconds and Y is velocity in cm./sec.

PROGRAM LISTING
REATM .

188 REM: DIFFERH

118 REM: COPYRIGHT 1983

111 REM: FHIL FELDMAM. TOM RLGE, AHD
118 REM: MESTERM SYSTEMS GROUR

158 CLR

168 FRIMT CHRFC1470

ZEE FRIMT" DIFFEREMTIAL "

218 FRIMTUEQUATION SOLVER"

GOSUE 2500 FRINT

PRIMT"  THE EOUATION MUST v;
FRIMT"EE DEFIHED"

FRIMT"AT LIME 3898, THE "
PRIMT"FORMAT 1%

IEEE o= CwDUR M
FRIMT'FUMCTION OF H,70"
FRIMTWMHERE Tt = IM-Tid, "
FRINT"  IF THIS HAS BEEM "
PRIGT"DIOHE. HIT"

FRIMTYTHE <0 KEY TG "

3 FRINTCOHT IHUE, "




246 More than 32 BASIC Programs for the Commodore 64 Computer
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) REM sk MRKE LIME 3088 THE FIRST
REM ##% LIME OF THE DEFIMITION.
G REM

3 REM D = (THE FUMCTION OF M.73
RETURE

RERDY .

EASY CHANGES

1. If you have already entered the differential equation and
wish to skip the introductory output, add this line:

190 GOTO 500

This will immediately begin the input dialog.
2. If you wish to use negative stepsizes, line 920 must be
changed to:

920 IF Q< XF—-1.E-5 THEN END

MAIN ROUTINES

200- 390 Displays initial messages.

400- 540 Gets user’s inputs.

600- 740 Displays additional messages.

800- 830 Initializes output display.

900- 990 Computes each step.
1600-1640 Stops and starts output.
2500-2510 Subroutine to display a dashed line.
3000-3999 User supplied routine to define D.

MAIN VARIABLES

D Value of dY/dX.

X,Y Values of X,Y on current step.
XX, YY Values of X,Y on last step.
DX Stepsize in X.

XF Final value of X.

KO0,K1, Runge-Kutta coefficients.
K2,K3

RS User entered string.

Q Work variable.

J Loop index.
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SUGGESTED PROJECTS

1.
2.

Modify the program to display the output in graphical form.
The value of dY/dX as a function of X is often a useful
quantity to know. Modify the program to add it to the col-
umnar display.

The inherent error in the calculation depends on the stepsize
chosen. Most cases should be run with different stepsizes to
insure the errors are not large. If the answers do not change
much, you can be reasonably certain that your solutions are
accurate. Better yet, techniques exist to vary the stepsize
during the calculation to insure the error is sufficiently small
during each step. Research these methods and incorporate
them into the program.

The program can be easily broadened to solve a set of
coupled, first order, differential equations simultaneously.
This would greatly increase the types of problems that could
be solved. Research this procedure and expand the program
to handle it.



GRAPH

PURPOSE

Is a picture worth a thousand words? In the case of mathe-
matical functions, the answer is often “yes.” A picture, i.e. a
graph, enables you to see the important behavior of a function
quickly and accurately. Trends, minima, maxima, etc. become
easy and convenient to determine.

GRAPH produces a two-dimensional color plot of a function
that you supply. The function must be in the form Y =(any
function of X). The independent variable X will be plotted along
the abscissa (horizontal axis). The dependent variable Y will be
plotted along the ordinate (vertical axis). You have complete
control over the scaling that is used on the X and Y axes.

HOW TO USE IT

Before running the program, you must enter into it the func-
tion to be plotted. This is done as a subroutine beginning at line
5000. It must define Y as a function of X. The subroutine will be
called with X set to various values. It must then set the variable
Y to the correct corresponding value. The subroutine may be as
simple or as complex as necessary to define the function. It can
take one line or several hundred lines. Line 5999 is already set as
a RETURN statement, so you need not add another one.

Having entered this subroutine, you are ready to run the pro-
gram. The program begins by warning you that it assumes the
function has already been entered at line 5000. It will then ask
you for the domain of X, i.e. the lowest and highest values of X
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that you wish to have plotted. Values can be positive or negative
as long as the highest value is actually larger than the lowest one.

Now you must choose the scale for Y. To do this intelligently,
you probably need to know the minimum and maximum values
of Y over the domain of X selected. The program finds these
values and displays them for you. You must then choose the
minimum and maximum values you wish to have on the Y scale.
Again, any two values are acceptable as long as the maximum
scale value of Y is larger than the minimum scale value of Y.

The program will now display the plot of your function. Each
axis is twenty characters long, with the origin defined as the min-
imum scale values of both X and Y. Ten tick marks appear on
each axis. The locations of the lower, middle, and upper values
on each scale are displayed appropriately. Note: The program
may not be able to display all six scaling numbers if you input
some scaling having a large number of significant digits. If this
occurs on the X axis, the program may use one or more of the
expressions “XL”, “XM” or “XU” instead of the actual numbers.
This stands respectively for “Xlower”, “Xmid” and “Xupper”.
Similarly, “YL”, “YM” and “YU” may be used on the Y axis.

The actual plot is drawn with twice the resolution shown on
the axis. That is, forty values of X and Y are plotted. This is ac-
complished by using the various 2x2 graphic characters
available on the Commodore 64.

If a value for Y should be off-scale, a special orange colored
point is displayed at the appropriate value of X. If the actual
value of Y is too large, it is plotted just above the maximum Y
value. If this actual value of Y is too small, it is plotted just
below the Y axis.

After the plot is drawn, the program will tell you to hit any
key to continue. When you do so, information about the plot
scaling is provided. For both X and Y, you are given the low,
mid, and upper values on each axis.

You now have the option of hitting G to draw the graph again
or any other key to terminate the program.
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SAMPLE RUN

Y=SIN(X)

After loading the program, the operator enters line 5000 to request the
graph Y =SIN(X). RUN is typed to begin the program.

HARNING ! ey
THE SUBROUTIME AT LIMES
56006-5999 IS ASSUMED TO DEFINME
¥ AS A FUNCTION OF X

LOKEST VALUE OF X? 8

HIGHEST VALUE OF X? 6.28
OVER THIS RAMGE OF X
= .999999683
MINIMUN ¥ =-.999937146
NOW CHOOSE THE SCALE FOR Y
HINIMUM ¥ SCALE VALUE? -{
MAXIMUN ¥ SCALE VUALUE? 1B

The input dialog transpires. The operator asks that the domain of X be
0-6.28. The program responds by showing the maximum and minimum
value of Y over this domain. The operator chooses an appropriate scale
for the Y axis.
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HIT ANY KEY
TO CONTINUE

68—

The graph is displayed as requested. The program waits for the operator
to hit any key to continue.

.314

Relevant scaling information is shown. By pressing G, the operator can
see the graph again.
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PROGRAM LISTING

RERADY.

180 REM: GREAFH
118 REM: COPYRIGHT 13873
111 REM: FHIL FELDMAM. TOM RNGG, FAHD
112 REM: WESTERM SWITEMS GROUP
1568 C=lava k=12 POKE 33280, 1:FOKE S3281.48
1&m 20T i O] D=
17 !
EQE PORE TIZE1L L FRIMT CHREFO14V Y PORE S3E81.,8
bl F‘FJIHI" TEHECLED JCHRE LS S "GF.FIF‘H" CFRIMT
218 PRIMT (GOSUE 109

A FREIET  PRIMT  THPUTLCMEST WALIE OF &Y EL
= F‘F'THn IHFUT"HIGHEST VALUE OF H"ixl
. THI’H FRIMT: T"F'TfJT" e BT E FEMIGE

THEM 07D 2EG

: 1T 20 E0EUE S
L3 ! Ho FRIMT  PRIMT D PRIMT FRIMT

e IHT"H;T FIRY BEY" CFRIMT D PRIMTTD COMTIHLE"
: F Gt THIZM S

TR LB E ]

ot e
Hf R -ar.F'Z"'r'
W »'"T

sl M OHED TR -

'T' !... "

| OFOR Tl TOOEEPRINT CHRECLTY; HEXT
FRIMT TRABCTED;A$: RETURM
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EASY CHANGES

1. You may want the program to self-scale the Y axis for you.
That is, you want it to use the minimum and maximum Y
values that it finds as the limits on the Y axis. This can be ac-
complished by adding the following line:

835 YU=MX:YL =MN:RETURN
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2. Do you sometimes forget to enter the subroutine at line 5000
despite the introductory warning? As is, the program will
plot the straight line Y =0 if you do this. If you want a more
drastic reaction to prevent this, change line 5000 to read

5000 Y=1/0

Now, if you don’t enter the actual subroutine desired, the
program will stop and print the following message after you
enter the X scaling values.

?DIVISION BY ZERO ERROR IN 5000

MAIN ROUTINES

150- 170
200- 210
220- 280

300- 486
500- 670
700- 740
800- 880

900- 980

1000-1100
5000-5999

Initializes constants.

Displays introductory warning.

Mainline routine—gets X scaling from user and
calls various subroutines.

Subroutines to draw graph axes and scale labeling.
Subroutine to plot the function.

Subroutine to determine the plotting position for Y.
Subroutine which determines the minimum, max-
imum Y values; gets Y scale from user.
Subroutine which displays the scaling parameters,
asks user if he wants the graph re-plotted.
Subroutines to display the introductory warning.
User supplied subroutine to evaluate Y as a func-
tion of X.

MAIN VARIABLES

C1

Co

C2

C3
XL,XM,
XU

YL, YM,
YU
DX,DY
X, Y

Base Poke argument for color setting.
Color for current graph point.

Color for normal graph point.

Color for error graph point.

Lower, middle, upper scale values of X.

Lower, middle, upper scale values of Y.

Scale increments of X,Y.
Current values of X,Y.
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C Poke argument for the plot origin.
PC Poke argument for normal plotting.
PB Poke argument for off-axis plotting.
PK Peek value.

w CHRS$ argument.

TB,XV Tab arguments.

F Y position flag (0 =down, 1 =up).
\Y Value of X or Y in scale units.

D Integer value of V.

MN,MX  Minimum, maximum values of Y.
AS$ String representation of axis numbers.
A Length of AS.

NL Number of lines to print.

Qs User reply string.

J Loop index.

SUGGESTED PROJECTS

1. Determine and display the values of X at which the mini-
mum and maximum values of Y occur.

2. After the graph is plotted, allow the user to obtain the exact
value of Y for any given X.

3. Expand the graph to a 30 character width in the X direction.
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INTEGRATE

PURPOSE AND DEFINITION

The need to evaluate integrals occurs frequently in much
scientific and mathematical work. This program will numeri-
cally integrate a function that you supply using a technique
known as Simpson’s rule. It will continue to grind out successive
approximations of the integral until you are satisfied with the ac-
curacy of the solution.

Mathematical integration will probably be a familiary term to
those who have studied some higher mathematics. It is a funda-
mental subject of second-year calculus. The integral of a func-
tion between the limits x=/ (lower limit) and x = u (upper limit)
represents the area under its curve; i.e. the shaded area in
Figure 1.

We may approximate the integral by first dividing up the area
into rectangular strips or segments. We can get a good estimate
of the total integral by summing the areas of these segments by
using a parabolic fit across the top. For those who understand
some mathematical theory, Simpson’s rule may be expressed as

X=U

j f(x)dxs% £(7) + f(u)

X

N/2 (N-2)/2

+4 Y fl+AQ - DI+2 Y, fl/+24]]

j=1 j=1

Here N is the number of segments into which the total interval is
divided. N is 4 in the diagram.
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<

S

!\_ _— y = f(x)

Figure 1. The Integral of f(x).

For a good discussion of the numerical evaluation of integrals
see: McCracken, Dorn, Numerical Methods and Fortran Pro-
gramming, New York, Wiley, 1964, pp. 160. Don’t let the word
“Fortran” scare you away. The discussions in the book are inde-
pendent of programming language with only some program ex-
amples written in Fortran.

HOW TO USE IT

The program begins with a warning! This is to remind you
that you should have already entered the subroutine to evaluate
Y as a function of X. This subroutine must start at line 7000.
More about it shortly.

You will then be asked to provide the lower and upper limits
of the integration domain. Any numerical values are acceptable.
It is not even necessary that the lower limit of X be smaller than
the upper one.
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The program will now begin displaying its numerical evalua-
tions of the integral. The number of segments used in the calcu-
lation continually doubles. This causes the accuracy of the in-
tegral to increase at the expense of additional computation time.
For most functions, you should see the value of the integral con-
verging quickly to a constant (or near constant) value. This, of
course, will be the best numerical evaluation of the integral at
hand.

When you are satisfied with the accuracy of the solution, you
must hit the RUN/STOP key to terminate the program. If not,
the program will run forever (assuming you can pay the electric
bills). The amount of computation is approximately doubled
each step. This means it will take the computer about the same
amount of time to compute the next step that it took to compute
all the previous steps. Thus, it will soon be taking the Com-
modore 64 hours, days, and weeks to compute steps. Eventually,
round-off errors begin degrading the results, causing a nice, con-
stant, converged solution to change. However, the high preci-
sion of the computer’s floating point arithmetic will postpone
this for quite a while. You will probably lose patience before see-
ing it.

The function to be integrated can be as simple or as compli-
cated as you desire. It may take one line or a few hundred lines
of code. In any case, the subroutine to express it must start at
line 7000. This subroutine will be continually called with the
variable X set. When it returns, it should have set the variable Y
to the corresponding value of the function for the given X. The
subroutine must be able to evaluate the function at any value of
X between the lower and upper bounds of the integration
domain.

If your function consists of experimental data at discrete
values of X, you must do something to enable the subroutine to
evaluate the function at intermediate values of X. We recom-
mend one of two approaches. First, you could write the subrou-
tine to linearly interpolate the value of Y between the ap-
propriate values of X. This will involve searching your data table
for the pair of experimental X values that bound the value of X
where the function is to be evaluated. Secondly, the program
CURVE presented elsewhere in this section can produce an ap-
proximate polynomial expression to fit your experimental data.
This expression can then be easily entered as the subroutine at
line 7000.
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By the way, Simpson’s rule is exact for any polynomial of
degree 3 or less. This means that if the function can be written in
the form

Y=A*X*X*X+B*X*X +C*X+D
where A, B, C, D are constants, the program will calculate the
integral exactly even with only two segments.

SAMPLE RUN
The sample run illustrates the following integration
x=1
4
x=0 1 + Xz

This integral has the theoretical value of « (pi) as the correct
answer! Pi, as you may know, has the value 3.1415926535.. ..
Before the run is started, the above function is entered at line
7000.

80 Y=4/(1+%xnX)

The operator enters the integrand function at line 7000 and types RUN
to start the program.
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IMTEGRAL BY SIMPSONM’S RULE

HARNING !
THE SUBROUTINE AT LIMES
7888-7999 IS ASSUMED TO
DEFIME Y AS A FUMCTION OF X

The upper and lower bounds of X are entered as requested.

7806-7999 IS ASSUMED TO
DEFIME Y AS A FUMCTIOM OF X

NTEGRAL

WWWWWWWWWW
e e e S o

2
4
8
16
32
64
12
25
51
16
RE
EA

The results are computed up to 1024 segments. Then the RUN/STOP
key is pressed to terminate the . :culation.
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PROGRAM LISTING
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EHTER SUBROUTINE AT
T HED VR

Wom [Fodd GOES HERE

REFIY

EASY CHANGES

1. You might want the program to stop calculation after the in-
tegral has been evaluated for a given number of segments.
Adding the following line will cause the program to stop
after the integral is evaluated for a number of segments
greater than or equal to 100.

815 IF N> =100 THEN END

Of course, you may use any value you wish instead of 100.

2. Perhaps you would like to see the number of segments
change at a different rate during the course of the calcula-
tion. This can be done by modifying line 820. To increase
the rate of change, try

820 N=N*4
to change it at a constant (and slower) rate, try
820 N=N+50

Be sure, however, that the value of N is always even.

3. You can experiment with the border used around the intro-
ductory warning by changing the CHR$ argument used in
line 210. This might be particularly desirable if you are using
a black and white TV. To get a pleasing asterisk border,
which looks good on a black and white set, try

210 C$ =CHR$(42)

MAIN ROUTINES

150- 160 Initializes constants.

200- 360 Displays introductory messages and warning.
400- 440 Graphics display subroutines.

500- 510 Gets integration limits from operator.

550- 560 Displays column headings.
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600- 620
650- 680
700- 730
800- 830

7000-7999

Computes integral contribution from end points.
Adds contribution from one summation.

Adds contribution from other summation.
Completes integral calculation and displays it. In-
creases number of segments and restarts
calculation.

Operator supplied subroutine to evaluate f(x).

MAIN VARIABLES

Number of segments.

Loop index.

Lower, Upper integration limit of x.
Width of one segment.

Partial result of integral.

Number of summations.

Subtotal of summations.

Value of integral.

Current value of x.

Current value of the function y = f(x).
String used in messages.

SUGGESTED PROJECTS

1. Research other similar techniques for numerical integration
such as the simpler trapezoid rule. Then compute the in-
tegral with this new method. Compare how the two methods
converge toward the (hopefully) correct answer.



SIMEQN

PURPOSE

This program solves a set of simultaneous linear algebraic
equations. This type of problem often arises in scientific and
numerical work. Algebra students encounter them regularly —
many “word” problems can be solved by constructing the proper
set of simultaneous equations.

The equations to be solved can be written mathematically as
follows:

AnXi+ARXo+ ... +AnXy=R,
A X +AnX,+ ... +AnnXy=R;

ANIXI+ AN2X2+ N ANNXN'= RN

N is the number of equations and thus the number of unknowns
also. The unknowns are denoted X, through X,.

Each equation contains a coefficient multiplier for each un-
known and a right-hand-side term. These coefficients (the A
matrix) and the right-hand-sides (R, through Ry) must be con-
stants — positive, negative, or zero. The A matrix is denoted with
doubled subscripts. The first subscript is the equation number
and the second one is the unknown that the coefficient
multiplies.

HOW TO USE IT

The program will prompt you for all necessary inputs. First, it
asks how many equations (and thus how many unknowns) com-
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prise your set. This number must be at least 1. If it is too large,
an OUT OF MEMORY or BAD SUBSCRIPT error will im-
mediately result.

Next, you must enter the coefficients and right-hand-sides for
each equation. The program will request these one at a time,
continually indicating which term it is expecting next.

Once it has all your inputs, the program begins calculating the
solution. This may take a little while if the value of N is high.
The program ends by displaying the answers. These, of course,
are the values of each of the unknowns, X, through X,.

If you are interested, the numerical technique used to solve the
equations is known as Gaussian elimination. Row interchange to
achieve pivotal condensation is employed. (This keeps maximum
significance in the numbers.) Then back substitution is used to
arrive at the final results. This technique is much simpler than it
sounds and is described well in the numerical analysis books
referenced in the bibliography.

SAMPLE PROBLEM AND RUN

Problem: A painter has a large supply of three different colors
of paint: dark green, light green, and pure blue. The dark green
is 30% blue pigment, 20% yellow pigment, and the rest base.
The light green is 10% blue pigment, 35% yellow pigment, and
the rest base. The pure blue is 90% blue pigment, no yellow pig-
ment, and the rest base. The painter, however, needs a medium
green to be composed of 25% blue pigment, 25% yellow pig-
ment, and the rest base. In what percentages should he mix his
three paints to achieve this mixture?

Solution: Let X, = percent of dark green to use,
X, = percent of light green to use,
X3 = percent of pure blue to use.

The problem leads to these three simultaneous equations to
solve:

0.3 X,+0.1 X;+0.9 X;=0.25

0.2 X, +0.35 X, =0.25

X+ X+ X3=1.0

The first equation expresses the amount of blue pigment in the
mixture. The second equation is for the yellow pigment. The
third equation states that the mixture is composed entirely of the
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three given paints. (Note that all percentages are expressed as
numbers from 0-1.) The problem leads to the following use of
SIMEQN.

SAMPLE RUN

A SIMULTAMEOUS LIMEAR EQUATIONM SOLVER
NUMBER OF EQUATIONS ? 3

THE 3 UMKMOMWMS WILL BE DENOTED
X1 THROUGH X3

The operator chooses to solve a set of three simultaneous equations and
then enters the coefficients for the first equations.
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X1 THROUG6H X3

The coefficients for the remaining two equations are entered.

THE SOLUTION IS
.549999999
18500080001

The computer provides the solution. Rounded to the nearest percent,
the painter should use a mixture of 55% dark green, 40% light green,
and 5% pure blue.



SIMEQN 271

PROGRAM LISTING
REATDT .

188 REM: STMEDH
118 REM: COPYRIGHT 1983
111 REM: FHIL FELDMAM, TOM RUGE, AMD
11 REM: MESTERM SYSTEMS GROUP

3 LR
FRIMT CHREEC L 47
FRIMT" M OSIMULTAMECLS v
FRIMT"LIMEAR EQUATION SOLVER"
FRIMT
THFLIT"HUMBER OF ERUSATIOMS "M
Blom THTCMI TR Moo 8 THEM 466
FRIMT FRIMT " $# ERROR | dum
FRIMT"THERE MUST BE AT LEARST 1"
GOTD S
DIM Frobl o s Rk ek

FIMT
; PPIH*"THr",H."HHVHnwh: WILL BE DEHOTED"
1 OFRIMHT M1 THREOUGH W
FRIMT MIDECSTRE M 8
GUSURE SEEFOR T = 1 TD M
1 FRIMTYEMTER WALUES FOR FERUATION" T
S FRIMTOFOR K o= 1 TO M

I FRIMT COEFFICIEMT OF " MIDECSTRECK Y 80
THFLT HoT k2 HEST
THFLUT"RIGHT HAMD SIDE "iRoI)

A GOSLE A ERT

B OGOSUE DR
SEE PRIMTYTHE SOLUTION IS¢

1 OFRIMTOFOR T o= 1 TO M
FRIMT" @ MIDNECSTRECT 20
3 OFRIMT =" 0T
MEST  EMD
3R FRIMTOFOR L o= 1 To 39

BOPRIMNT " HESET  PRIMT  RETURM
3 OIF Mo 1 THEM Z@2e
LA WO1d = ROLDAFACL. L RETUIRM

g rwr r =] T Me1:1 = ke

S TR I = ) L = o I Pl D
] #2OTHEM |-

IF T < M THEHW I
= THEM 2118

CONUIE I A W R o I 1 P ]

(E L I I = DY N G HERT

By o= ROLDRILD = o0

l
T41 0307 SE3ae

ks i oE
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CT.d0 = GEERECKL T HERT
- R
HEM T o= T+ :GOTD 21E6

3RO M
LT 1 HTEF-]

- I+l TOOM

T
ARG T HERT

REFRDY.

EASY CHANGES

You may be surprised sometime to see the program fail com-
pletely and display this message:

?DIVISION BY ZERO ERROR IN 2180

This means your input coefficients (the A array) were ill-
conditioned and no solution was possible. This can arise from a
variety of causes; e.g. if one equation is an exact multiple of
another, or if every coefficient of one particular unknown is
zero. If you would like the program to print a diagnostic
message in these cases add these lines.

2172 IF A(N,N)< >0 THEN 2180

2174 PRINT “BAD INPUT -7;

2176 PRINT “NO SOLUTION POSSIBLE”
2178 STOP

MAIN ROUTINES

200- 240 Clears screen and displays program title.
250- 550 Gets input from user and calculates the solution.
600- 640 Displays the solution.
900- 910 Subroutine to space and separate the output.
2000-2330 Subroutine to calculate the solution; consisting of
the following parts:
2000-2010 Forms solution if N=1.
2020-2170 Gaussian elimination.
2030-2110 Interchanges rows to achieve pivotal condensation.
2180-2230 Back substitution.
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MAIN VARIABLES
LJ,K,L Loop indices and subscripts.

N

Lo<=>

Number of equations (thus number of unknowns
also).

Doubly dimensioned array of the coefficients.
Array of right-hand-sides.

Array of the solution.

Work variable.

SUGGESTED PROJECTS

1.

The program modifies the A and R arrays while computing
the answer. This means the original input cannot be dis-
played after it is input. Modify the program to save the in-
formation and enable the user to retrieve it after the solution
is given.

Currently, a mistake in typing input cannot be corrected
once the RETURN key is pressed after typing a number.
Modify the program to allow correcting previous input.
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STATS

PURPOSE

Ever think of yourself as a statistic? Many times we lament at
how we have become just numbers in various computer memo-
ries, or we simply moan at our insurance premiums. To most
people, the word “statistics” carries a negative connotation. To
invoke statistics is almost to be deceitful, or at least de-
humanizing. But really, we all use statistical ideas regularly.
When we speak of things like “she was average height” or the
“hottest weather in years,” we are making observations. in
statistical terms. It is difficult not to encounter statistics in our
lives, and this book is no exception.

Of course, when used properly, statistics can be a powerful,
analytical tool. STATS analyzes a set of numerical data that you
provide. It will compile your list, order it sequentially, and/or
determine several statistical parameters which describe it.

This should prove useful in a wide variety of applications.
Teachers might determine grades by analyzing a set of test
scores. A businessman might determine marketing strategy by
studying a list of sales to clients. Little leaguers always like to
pore over the current batting and pitching averages. You can
probably think of many other applications.

HOW TO USE IT

First, your data list must be entered. The program will prompt
you for each value with a question mark. Two special inputs,
*END and *BACK, may be used at any time during this data in-
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put phase. To signal the end of data, input the four character
string, *END, in response to the (last) question mark. You must,
of course, enter at least one data value.

If you discover that you have made a mistake, the five charac-
ter string, *BACK, can be used to back up the input process.
This will cause the program to re-prompt you for the previous
entry. By successive uses of *BACK you can return to any
previous position.

With the input completed, the program enters a command
mode. You have four options to continue the run:

1) List the data in the order input
2) List the data in ranking order
3) Display statistical parameters
4) End the program

Simply input the number 1, 2, 3, or 4 to indicate your choice. If
one of the first three is selected, the program will perform the
selected function and return to this command mode to allow
another choice. This will continue until you choose 4 to termi-
nate the run. A description of the various options now follows.

Options 1 and 2 provide lists of the data. Option 1 does it in
the original input order while option 2 sorts the data from
highest value to lowest.

The lists are started by hitting any key when told to do so.
Either list may be temporarily halted by hitting any key while the
list is being displayed. This allows you to leisurely view data that
might otherwise start scrolling off the screen. Simply hit any key
to resume the display. This starting and stopping can be repeated
as often as desired. When the display is completed, you must
again hit a key to re-enter the command mode.

Option 3 produces a statistical analysis of your data. Various
statistical parameters are calculated and displayed. The follow-
ing is an explanation of some that may not be familiar to you.

Three measures of location, or central tendency, are provided.
These are indicators of an “average” value. The mean is the sum
of the values divided by the number of values. If the values are
arranged in order from highest to lowest, the median is the mid-
dle value if the number of values is odd. If it is even, the median
is the number halfway between the two middle values. The
midrange is the number halfway between the largest and smallest
values.
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These measures of location give information about the
average value of the data. However, they give no idea of how the
data is dispersed or spread out around this “average.” For that
we need “measures of dispersion” or as they are sometimes call-
ed, “measures of variation.” The simplest of these is the range
which is just the difference between the highest and lowest data
values. Two other closely related measures of dispersion are
given: the variance and the standard deviation. The variance is
defined as:

N
Y (V.- My
V A — i=1
N-1

Here N is the number of values, V, is value i, M is the mean
value. The standard deviation is simply the square root of the
variance. We do not have space to detail a lengthy discussion of
their theoretical use. For this refer to the bibliography. Basi-
cally, however, the smaller the standard deviation, the more all
the data tends to be clustered close to the mean value.

One word of warning—the first time option 2 or 3 is selected,
the program must take some time to sort the data into numerical
order. The time this requires depends upon how many items are
on the list and how badly they are out of sequence. Average
times are fifteen seconds for twenty-five items, about one min-
ute for fifty items, about four minutes for a hundred items. The
Commodore 64 will pause while this is occurring, so don’t think
it has hung up or fallen asleep! If you have several items on your
list, this is the perfect chance to rob your refrigerator, make a
quick phone call, or whatever.
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SAMPLE RUN

STATS
ER A DATA VALUE AFTER EACH QUESTIONM

The program prompts the operator to begin entering the input data
values.

STATS
ER A DATA VUALUE AFTER EACH QUESTION

ATUN,
NTERED, TYPE =EMD TO

ANWO=IW Tw=e MM
[2,13,]

33333
MO=J=N0 MW

T
A
A
[
A
A
A
con
1)
2)
3)
4)
HHA

T

The operator completes entering the scores of those who took a pro-
gramming aptitude test. The actual test was given to many people, but
for demonstration purposes, only five scores are used here. The special
string, *END, is used to signal the end of the data. The operator then re-
quests that the list be sorted into numerical order.
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THE DATA IM RAMKING ORDER
5 TOTAL EMTRIES
llﬂl.E THE LIST
0U CAM HIT ANY K
EH'ORMW HALT. T
ESUME WHEM YOU H
IT ARY KEY TO START
VALUE

IS
EY
HE
IT

Y
T
R
H
4
i
2
3
3
S
1

HIT ANY KEY TO CONTINUE

The operator hits a key to start the display and is shown the data list in
ranking order. The program waits for a key to be pressed to continue.

STATISTICAL ANMALYSIS

ﬂl!!ﬁER OF VUALUES = 5

9 POSITIVE, 8 MEGATIVE, 8 ZERO
UE 6
UE 9

9
8
= 422

.9
83.5
N = 12.96823084
68.174993

Later in the run, the operator selects continuation option 3. This
calculates and displays the various statistical quantities.
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PROGRAM LISTING
REATY.

188 REM: STATS

118 REM: COFYRILGHT 1383

111 REM: PHIL FELDMAM. TOM RELGEE. AT

118 BREM: WMESTERM SMITEMZ GROUF

148 LR

156 EF = "EREACK" CEF o EEHD

e w= o LEIED

A IR L Pt G K]

o

FRIMT CHREECLAT 2 PRIMNT TRDCLEY"S T A T oS¢
FRIMT CFRIMT"  EMTER M IETAM
FRIHET" WALLE AFTER EﬂlH"i
FOFRIMTY GUESTION MERK.
§FRIMT FRIMT" IF WO MARE":
FREIMHT" A MISTAEE., TYFC
FRIMT DE." TO RE~EHTER".
FRIHT"™ THE LAST",

AOFREIETY TETM " RRTHT

FREIMHT"  bHEMN THE L T:-T PR
‘ EMTERED . TYFE "
FRIMT Bk T "'rr’f”HﬂTT“"i
FRIMT" THE THFUT." FRIMT
b= 1

IF H < 1 THEM H = 1
FRIMNT"WALLE #" M

THPLIT B E:IF BF = BEF THEH T8

IF RE = RBE THEM M = MH-1:307T0 518
WD = WRELTRE

IF kol M THEM e

FRTIHT" S MO MORE TIETHA"

‘T ‘” " HL.I OWED Vo b pe]

XX
1
Fox B By s s ]

O L L2 Dy =3B
xx]

4
FRx R g J o 3

X X
GEE B H+1 GUTU =5
TEE Moo= el
e IF M ox @ THEW 286
TEA PRIMT "% MO .I.JHTH - R
FTIE PREIMTY ABORTIIN D o#"
Ve LMD
SRR PRIMT
18 FPREIMTCOMTIHUATION OFTI0HS"
SEE FRIMT" Ly LIST DETH IH";

3
el
it

s B i

FREIHT" ORIEIHAL ORDER"
FRIMFT" &3 LIST DATA IH"I
FEIHMT" RAMEING ORIER"

B OFRIMTY 3 DISFLAY STATIZM
SVE PREIMT" 43 EMD PROGREAM"
SEE THPUT"WMHAT HEST "iRE

3
FCR Y
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3R o= IHTOVELCREY D
FEEOTF R <21 DR R o4 THEM S8
218 IF B o= 4 THEM ZHD
S UH F GRS 1R, 128, 158

L:,'HFiiE nlaT 1F‘E11P'1'T"Tl"ﬂ33 CRIGIMAIL"
JIHTH (X .T‘EF’" F‘F'Ii

gt
TO HEFOR

k.

ETURN
HT CHRE1575PRINTTHE DRTA TN
4" RANKING ORDER" :PRINT

r'l
5 r'r;HT
THT YETH

=

rr LH TUMUMEBER OF VALUES = "M

N Y W Y R S S T S

SR TN T XV ]

& OTHEM HF

) D THEM Rk

5 “r‘ L T EOTHERM ME

ki ME T Moo= b B
=] THERM 1

-1
Fibd-+ 1
HE+1

i

Lf 1*' i SR

by SEUIF VA = 8 THEHM 1658
COE FOR T = LT RS

SR BT s ST
FRIMT MHFEFOSITIVG, .
FREINHT MM, "HEZATIVE. ",
FRINT M "EERD"

| £ SOSUE 27e0

1E5E FPRIMT"MIN WALUE =
17FEE PRIMT"MAY WALUE =
TFLE G == MO D am CE )

17E8 FRIMTY"RAMGE = ",

1738 FPRIMT"SUM OF "FILHE~ = "o
1748 PRIMT:FRIHT"MEAM = ",M
175
1

L VOE G o= IMTOMCZ0+1 M = "’f“'l'l,,
FEE IF MSZ2 o THTOMAEY THEM 17
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T
DTS !

o wETURh

IHTY  WHILE THE LIZT IS
PR IMTY BTSPLAYIHE, "
RIHTOU SR HIT BHY EEY"
B ORRIMTT TO CAUSE RY
45 FRIMTTEMPORERY HELT. THE";
i FRIMT" DISPLAY WILL"

I PRIMT"RESUME WHEH wOU HIT";
B OPRIMT" AMOTHER KEY. " PRIMT
N FRIMTHIT FHY
o GET R

3 OIF R o= " THEM 2808
RETURH
. SET

IF R = "' THEN RETURN

18 FORT = 1 T RMiZoTs = JREET
HOIF M o= 1 THEM RETURN

B o= M-10FOR R = 1 TOOH

S OFOR T o= L T MMiML o= Z0T0
AE = ZO LD

IF MWokiy
ZoJ+ly = Ml
FEST CHEST 2082

U FRIMT

FRIMT"HIT AMY EEY")
FRIMT" TO COMTIHUE"
CET RF

iIF BE o= "' THEM 2236
FRIMT  RETLIRH

EASY CHANGES

1. The program arrays are currently dimensioned to allow a
maximum of 100 data items. To achieve up to 1000 data
items, make this change:

160 MX = 1000
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You may wish to change the special strings that signal termi-
nation of data input and/or the backing up of data input.
These are controlled by the variables E$ and BS$, respec-
tively. They are set in line 150. If you wish to terminate the
data with /DONE/ and to back up with /LAST/ for exam-
ple, line 150 should be:

150 B$ =“/LAST/”:E$ =“/DONE/”

You may wish to see your lists sorted from smallest value to
largest value instead of the other way around, as done now.
This can be accomplished by changing the “greater than”
sign (>) in line 2760 to a “less than” sign (<). Thus:

2760 IF V(N1)< V(N2) THEN 2780

This will, however, cause a few funny things to happen to
the statistics. The real minimum value will be displayed
under the heading “maximum” and vice-versa. Also, the
range will have its correct magnitude but with an erroneous
minus sign in front. To cure these afflictions, make these
changes also:

1690 PRINT “MIN VALUE =“;V(Z(1))
1700 PRINT “MAX VALUE =“,V(Z(N))
1710 Q=V(Z(N)) - V(Z(1))

MAIN ROUTINES

140- 180
200- 320
500- 600
700- 740
800- 930

1000-1080
1200-1280
1500-1830
2000-2110
2500-2540

2700-2780
2900-2950

Initializes constants and dimensioning.

Displays messages.

Gets data from the user.

Checks that input contains at least one value.
Command mode — gets user’s next option and does
a GOSUB to it.

Subroutine to list data in the original order.
Subroutine to list data in ranking order.
Subroutine to calculate and display statistics.
Subroutine to display various messages.
Subroutine to allow user to temporarily start and
stop display listing.

Subroutine to sort the list in ranking order.
Subroutine to detect if user has hit a key to
continue.



284 More than 32 BASIC Programs for the Commodore 64 Computer

MAIN YARIABLES

MX
V(MX)
Z(MX)
N

B$

ES$

RS
NM

R

NP
NN
NZ

w

SQ

M

MD
VA
SD
IK
N1,N2

Q

Maximum number of data values allowed.
Array of the data values.

Array of the sorting order.

Number of data values in current application.
Flag string to back up the input.

Flag string to signal end of the input.
User input string.

N-1.

Continuation option.

Number of positive values.

Number of negative values.

Number of zero values.

Sum of the values.

Sum of the squares of the values.

Mean value.

Median of the values.

Variance.

Standard deviation.

Loop indices.

Possible data locations to interchange during
sorting.

Work variable.

SUGGESTED PROJECTS

1. The sorting algorithm used in the program is efficient only
when the number of list items is fairly small—less than
twenty-five or so. This is because it does not do checking
along the way to see when the list becomes fully sorted. If
your lists tend to be longer than twenty-five items, you
might wish to use another sorting algorithm more ap-
propriate for longer lists. Try researching other sorts and in-
corporating them into the program. To get you started, try
these changes:

2730 Q=0: FOR J=1 TO N—1:N1 =Z(J)
2740 N2=2Z(J +1)

2750 IF V(N1)> = V(N2) THEN 2780
2760 Z(J +1)=N1:Z(J)=N2

2770 Q=1

2780 NEXT:IF Q=1 THEN 2730

2790 Z(0)=1:RETURN
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If your lists are short, this routine will probably be a little
slower than the current one. However, for longer lists it will
save proportionately more and more time.

2. Many other statistical parameters exist to describe this kind
of data. Research them and add some that might be useful
to you. One such idea is classifying the data. This consists of
dividing the range into a number of equal classes and then
counting how many values fall into each class.




Section 6

Miscellaneous Programs

INTRODUCTION TO MISCELLANEOUS PROGRAMS

These programs show how simple programs can do interesting
things. Most of them have a mathematical flavor. They are short
and, as such, would be useful for study for those just learning
BASIC in particular or programming in general.

Monte Carlo simulation involves programming the computer
to conduct an experiment. (It doesn’t involve high-stakes gam-
bling!) PI shows how this technique can be used to calculate an
approximation to the famous mathematical constant pi.

PYTHAG will find all right triangles with integral side
lengths. A clever algorithm is utilized to do this.

Have you ever looked around your classroom or club meeting
and wondered if any two people had the same birthdate?
BIRTHDAY will show you what the surprising odds are.

Very high precision arithmetic can be done on the Com-
modore 64 with the proper “know-how.” POWERS will
calculate the values of integers raised to various powers; not to
the computer’s standard nine digit precision, but up to 250 full
digits of precision.

Your computer can play music! TUNE allows you to enter
tunes into your computer in a simple, convenient manner. Then
your computer will play them for you.
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BIRTHDAY

PURPOSE

Suppose you are in a room full of people. What is the proba-
bility that two or more of these people have the same birthday?
How many people have to be in the room before the probability
becomes greater than 50 percent? We are talking only about the
month and day of birth, not the year.

This is a fairly simple problem to solve, even without a com-
puter. With a computer to help with the calculations, it becomes
very easy. What makes the problem interesting is that the correct
answer is nowhere near what most people immediately guess.
Before reading further, what do you think? How many people
have to be in the room before there is better than a 50-50 chance
of birthday duplication? 50?7 100? 200?

HOW TO USE IT

When you RUN the program, it starts by displaying headings
over two columns of numbers that will be shown. The left col-
umn is the number of people in the room, starting with one. The
right column is the probability of birthday duplication.

For one person, of course, the probability is zero, since there
is no one else with a possible duplicate birthday. For two people,
the probability is simply the decimal equivalent of /465 (note that
we assume a 365 day year, and an equal likelihood that each per-
son could have been born on any day of the year).

What is the probability of duplication when there are three
people in the room? No, not just %46s. It’s actually

1 — (35465 times 36¥4¢5)
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This is simply one minus the probability of no duplicate
birthdays.

The probability for four people is

1 —(364/365 times 363465 times 362/365)

The calculation continues like this, adding a new term for
each additional person in the room. You will find that the result
(probability of duplication) exceeds .50 surprisingly fast.

The program continues with the calculation until there are 60
people in the room. You will have to RUN/STOP the program
long before that to see the point where the probability first ex-
ceeds 50 percent.

SAMPLE RUN

°
re
mT|

0
E
1
2
3
4
2
6
7
8
9

M e o
SWN®

D
>m
oD

After the probability of 14 people with the same birthday is shown, the
RUN/STOP key is pressed to terminate the run.
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PROGRAM LISTING

REFMDY .

1 LIRTHIAY

1 COPYRTGHT 1283

1 FHIL FELDMAM. AHD
118 REM: E STIEMS GROLE

128 PRIWNT CHRE ;

138 PRIMT"HO. PROB. OF 2 OR MORE"
148 PRIMNT"FEOFLE WMITH SAME BIRTHIAY"
R

168 FOR M=l

178 PRIMT ¢

1 g

1-.

EASY CHANGES

Change the constant value of 60 at the end of line 160 to alter
the range of the number of people in the calculation. For exam-
ple, change it to 100 and watch how fast the probability
approaches 1.

MAIN ROUTINES

120-140 Displays headings.

150 Initializes Q to 1.

160-190 Calculates probability of no duplication, then dis-
plays probability of duplication.

MAIN VARIABLES

N Number of people in the room.

Q Probability of no duplication of birthdays.
SUGGESTED PROJECTS

Modify the program to allow for leap years in the calculation,
instead of assuming 365 days per year.
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Pl

PURPOSE AND DISCUSSION

The Greek letter pi, 7, represents probably the most famous
constant in mathematical history. It occurs regularly in many
different areas of mathematics. It is best known as the constant
appearing in several geometric relationships involving the circle.
The circumference of a circle of radius r is 2#r, while the area
enclosed by the circle is #r2.

Being a transcendental number, pi cannot be expressed exactly
by any number of decimal digits. To nine significant digits, its
value is 3.14159265. Over many centuries, man has devised
many different methods to calculate pi.

This program uses a valuable, modern technique known as
computer simulation. The name “simulation” is rather self-
explanatory; the computer performs an experiment for us. This
is often desirable for many different reasons. The experiment
may be cheaper, less dangerous, or more accurate to run on a
computer. It may even be impossible to do in “real life.” Usu-
ally, however, the reason is that the speed of the computer
allows the simulation to be performed many times faster than
actually conducting the real experiment.

This program simulates the results of throwing darts at a
specially constructed dartboard. Consider Figure 1 which shows
the peculiar square dartboard involved. The curved are, outlin-
ing the shaded area, is that of a circle with the center in the lower
left hand corner. The sides of the square, and thus the radius of
the circle, are considered to have a length of 1.
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\

o
—_—

Figure 1. The Pi Dartboard.

Suppose we were able to throw darts at this square target in
such a way that each dart had an equal chance of landing any-
where within the square. A certain percentage of darts would
result in “hits,” i.e. land in the shaded area. The expected value
of this percentage is simply the area of the shaded part divided
by the area of the entire square.

The area of the shaded part is one fourth of the area the entire
circle would enclose if the arc were continued to completely
form the circle. Recall the area of a circle is #r2 where r is the
radius. In our case, r=1, and the area of the entire circle would
simply be 7. The shaded area of the dartboard is one fourth of
this entire circle and thus has an area of n/4. The area of the
square is s2, where s is the length of a side. On our dartboard,
s=1, and the area of the whole dartboard is 1.
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Now the expected ratio of “hits” to darts thrown can be
expressed

# hits _ shaded area _#/4 =

RATIO = # thrown entirearea 1 4

So we now have an experimental way to approximate the value
of w. We perform the experiment and compute the ratio of “hits”
observed. We then multiply this number by 4 and we have
calculated 7 experimentally.

But instead of actually constructing the required dartboard
and throwing real darts, we will let the Commodore 64 do the
job. The program “throws” each dart by selecting a separate ran-
dom number between 0 and 1 for the X and Y coordinates of
each dart. This is accomplished by using the built-in RND func-
tion of Basic. A “dart” is in the shaded area if X2 + Y2<1 for it.

So the program grinds away, continually throwing darts and
determining the ratio of “hits.” This ratio is multiplied by 4 to
arrive at an empirical approximation to .

HOW TO USE IT

The program requires only one input from you. This is the
“sample size for printing,” i.e. how many darts it should throw
before printing its current results. Any value of one or higher is
acceptable.

After you input this number, the program will commence the
simulation and display its results. A cumulative total of “hits,”
darts thrown, and the current approximation to 7 will be dis-
played for each multiple of the sample size.

This will continue until you press the RUN/STOP key. When
you are satisfied with the total number of darts thrown, press the
RUN/STOP key to terminate the program execution.
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SAMPLE RUN

A DARTBOARD PI CALCULATOR

SAMPLE SIZE FOR PRINTING? 1568

The operator selects 150 for the printing sample size.

A DARTBOARD PI CALCULATOR

TS # THROWM
156

O=IAN | T
N® W 1

WL LWWW W W W W
badebatabataataiaba
e RO e e AR GO I W)

DHWN=

DN

DO

e e o o fote (0 = O S WO
NNWNDDNDND
NONONDDDDD
(- 1--1-1- 1. J

[}
1
83
96
ie
i1
13
RE
EA

OD =MW
<R WON

After 1650 darts are “thrown”, the user presses the RUN/STOP key to
terminate the run.
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PROGRAM LISTING

FEMATY .

e
116

B D 0 D 0

i
= ) P O P T O

I
N

3 0y O Y LR O

5 IHF'I T
P THTOMF D D MFCL THER BEE

REM: FI
COPYRIGHT 19683

PHIL FELDMAM. TOM RUGH, AHD
FWESTERN SYETEMS CROP

'"-iHHI‘LF‘ SIEE FOR PRIMTIMGY HF

GOSUE &R

3 PRIMT"# HITS # THF'HHH".TFILHC"J,;I HREECZET

FOR J=1 T &: CGCH TR MEST

FRIMT THECD

FOR J=1 T SCG0EUE VAR MHEST PRIMT TRECZD
B T8 FRIMT

GOREE SEE s TH=THA M T=T e Fad i THT
FREIHT TH.T.F

GOTD S

fAH==E) ¢ rnr Jalo T P

IR = ) o o

A L THEM MH==REA- 1

HEWT : RETURH

FREIMT CHEFECLAF D TARCE S

FREIHT"A DARTREOARD FI CALCULATIOR"
FRIWHT (FRIMT  RETUREH

3 FRIMT CHREECL3E ) RETURM

READY.

EASY CHANGES

1.

If you want the program to always use a fixed sample size,
change line 310 to read

310 NP =150:GOTO 370

Of course, the value of 150 given here may be changed to
whatever you wish.

If you want the program to stop by itself after a certain
number of darts have been thrown, add the following two
lines:

315 INPUT“TOTAL # DARTS TO THROW”;ND
415 IF T> =ND THEN END
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This will ask the operator how many total darts should be
thrown, and then terminate the program when they have
been thrown.

MAIN ROUTINES

150-160 Initializes constants.

300-380 Gets operator input, displays column headings.
400-420 Calculates and displays results.

500-530 Throws NP darts and records number of “hits.”
600-620 Clears screen and displays program title.

700

Draws underlining characters.

MAIN VARIABLES

Total darts thrown.

Total “hits.”

Sample size for printing.

Number of hits in one group of NP darts.
Calculated value of pi. '
Work variable.

Random-valued coordinates of a dart.
Loop index.

SUGGESTED PROJECTS

1.

Calculate the percentage error in the program’s calculation
of pi and display it with the other results. The percentage er-
ror, PE, can be calculated as:
PE = 100*ABS(P — 7)/w

The accuracy of this simulation is highly dependent on the
quality of the computer’s random number generator. Try re-
searching different algorithms for pseudo random number
generation. Then try incorporating them into the program.
Change line 510 to use the new algorithm(s). This can actu-
ally be used as a test of the various random number genera-
tors. Gruenberger’s book, referenced in the bibliography,
contains good material on various pseudo random number

generators.
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PURPOSE

By now you have probably learned that the Commodore 64
keeps track of nine significant digits when dealing with numbers.
For integers less than one billion (1,000,000,000), the
Commodore 64 can retain the precise value of the number. But
for larger integers the Commodore 64 only keeps track of the
most significant (leftmost) nine digits, plus the exponent. This
means, of course, that there is no way you can use the computer
to deal with precise integers greater than one billion, right?

Wrong.

This program calculates either factorials or successive powers
of an integer, and can display precise results that are up to 250
digits long. By using a “multiple-precision arithmetic” tech-
nique, this program can tell you exactly what 973 to the 47th
power is, for example.

HOW TO USE IT

The program first asks you how many digits long you want the
largest number to be. This can be any integer from 1 to 250. So,
for example, if you enter 40, you will. get answers up to forty
digits long.

Next you are asked for the value of N. If you respond with a
value of 1, you are requesting to be shown all the factorials that
will fit in the number of digits you specified. First you will get
one factorial, then two factorial, and so on. In case you have
forgotten, three factorial is 3 times 2 times 1, or 6. Four factorial
is 4 times 3 times 2 times 1, or 24.
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If you enter an N in the range from 2 through 100,000, you are
requesting the successive powers of that number up to the limit
of digits you specified. So, if you provide an N of 23, you will
get 23 to the first power, then 23 squared, then 23 cubed, and
SO on.

Finally, after it has displayed the largest number that will fit
within the number of digits you entered, the program starts
over. The larger the number of digits you ask for, the longer it
will take the program to calculate each number. If you enter
zero, the program ends.

SAMPLE RUN

PORE R ANRD

WNUMBER OF DIGITS? 35
N? 98789
PglERS 0

NN=ON

MWW

MUMBER OF DIGITS?

The operator wants answers up to 35 digits long in the calculations of
the powers of 98789. The program calculates numbers up to 987897 and
then asks for the number of digits again (in preparation for the next
calculation the operator requests).
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PROGRAM LISTING
REFADY.

18 REM: FOWERS
118 REM: COFYRETGHT 155
111 REM: ToOM RUGE, FHIL FELDMAM. AMHD
112 REM: MESTERM SYSTEMS GROJF
FPRIWT CHREEC147 5
FRIMT TABCLE i CHREEC 1S,
FRIMT"FOMERS AMD FACTORIALS"
FRIHT  FRIMNT
TIM Ho2E5
THFL |T"H| IMEER Dr DIGITE" .M
. Ma=THT M D TF MRS THEM 176
25OIF M oD L THEHM EHI‘
L3 PRIMT  IHPUT"M" M
SRR R=TMTORD
218 IF MH1e8ess THEH 156
215 IF Mol L THER 153
A OFRIMT
IoF=E L el THEM F=l  PRINT"FRACTORIALSY
IF F=@ THEM FRIMT"FOMERS OF".H
Teell k] 8=
FOR J=8 TO M
IF HCTsT THEM H8E
S “*IHTCHﬁJDKT?ZH 0T LT
5 H’ BN O I O S AT D B B R

QO A b RS
[ B e Bou I x|

= THEMH J=J-1:307T0 328
Jlwpl THEM D60
d D=0 PREINT ESTRABCT
5 hr*’TPI MOT s R L GHTE M, 10
i D 10 IF D/“@ THEM D=1 :FRIMT PRIMT TRECY
FIMT M o Tmlel 0 TF Jom@ THEM 356
i ;F Famd THEM e
ﬁan Bl L FRIMT
SEE FOR JI=@ TO MM Dm0 T sk HEST
G168 GOTO 2el

[

SOH FOR J=1 TO 255:H(Ii=8:HEKT
5109 PRINT:GOTO 178

FREATIY .
EASY CHANGES
1. To change the program so that it always uses, say, fifty digit
numbers, remove lines 170 and 180, and insert this line:
170 M =50
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2. Toclear the screen before the output begins being displayed,
insert this line:

220 PRINT CHR$(147)

MAIN ROUTINES

120-160
170-240

250
260-300

310-320

330

340-370

380-390
400-410

500-510

Displays title. Sets up array for calculations.

Asks for number of digits and N. Checks validity of
responses. Displays heading.

Initializes variables for calculations.

Performs “carrying” in N array so each element has
a value no larger than 9.

Scans backwards through N array for first non-zero
element.

Checks to see if this value would be larger than the
number of digits requested.

Displays counter and number. Goes to second line
if necessary.

Prepares to multiply by N to get next number.
Multiplies each digit in N array by N. Goes back to
line 260.

Zeroes out N array in preparation for next request.
Goes back to 170.

MAIN VARIABLES

z 2z

U O=x-m
€

Z
&

Array in which calculations are made.

Number of digits of precision requested by
operator.

Starting value. If 1, factorials. If greater than 1,
powers of N.

Set to zero if powers, 1 if factorials.

Constant value of 10.

Counter of current power or factorial.

Subscript variable.

Temporary variables used in reducing each integer
position in the N array to a value from 0 to 9.
Number of digits displayed so far on the current

- line.

String variable used to convert each digit into dis-
playable format.
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SUGGESTED PROJECTS

1.

Determine the largest N that could be used without errors
entering into the calculation (because of intermediate results
exceeding one billion), then modify line 210 to permit values
that large to be entered.

Create a series of subroutines that can add, subtract, multi-
ply, divide, and exchange numbers in two arrays, using a
technique like the one used here. Then you can perform high
precision calculations by means of a series of GOSUB
statements.
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PYTHAG

PURPOSE

Remember the Pythagorean Theorem? It says that the sum of
the squares of the two legs of a right triangle is equal to the
square of the hypotenuse. Expressed as a formula, it is a2 + b?
=¢2. The most commonly remembered example of this is the
3-4-5 right triangle (32 + 42 = 52). Of course, there are an infinite
number of other right triangles.

This program displays integer values of a, b, and c that result
in right triangles.

HOW TO USE IT

To use this program, all you need to do is RUN it and watch
the “Pythagorean triplets” (sets of values for a, b, and c) come
out. The program displays twenty sets of values on each screen,
and then waits for you to press any key (except RUN/STOP)
before it continues with the next twenty. It will go on indefinitely
until you press the RUN/STOP key.

The left-hand column shows the count of the number of sets
of triplets produced, and the other three columns are the values
of a, b, and c.

The sequence in which the triplets are produced is not too ob-
vious, so we will explain how the numbers are generated.

It has been proved that the following technique will generate
all primitive Pythagorean triplets. (“Primitive” means that no set
is an exact multiple of another.) If you have two positive integers
called R and S such that:
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o

R is greater than S,

2. R and S are of opposite parity (one is odd and the other is
even), and

3. Rand S are relatively prime (they have no common integer
divisors except 1),
then a, b, and ¢ can be found as follows:
a=R2-82
b=2RS
c=R2+$2
The program starts with a value of 2 for R. It generates all
possible S values for that R (starting at R —1 and then decreas-
ing) and then adds one to R and continues. So, the first set of

triplets is created when R is 2 and S is 1, the second set when R is
3 and S is 2, and so on.

SAMPLE RUN

wwxx PYTHAGOREAN TRIPLETS max
COUNT --a-- --B-- -g¢--
13
25
17
41
3

DO ~INUNH WN =
[T TORT. YO0 17, IR o0 WRISTR IS T IS TT TR)
=0~ UN IS NBUNNWW N LN
Il ke AR LR N A OIS
2RONLODDDOLNDD FN

HON D NWD P LN A= b

[}
1
2
3
4
15
6
?
8
9
]

1

PRESS AMY KEY TO COMTINUE

The program shows the first screen of Pythagorean triplets.
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PROGRAM LISTING

FEATDN .

fix ]

REM: P THE

REM: COFYRIGHT 1983
REM: TOM RUGE, PHIL F
REM: WESTERM SWHTEMS

TMFM L. AR

DR I

02

Fx i I AR 8 S n e ]

= T L0

RIE O I8 T8 U B ST S T S e
B i

iR GOTE 18

Els
Th IEH EE

PEL=RLGOTO EEd

R 1470

deel FOTHRGORERAN TRIFLETS s
5 PRINT

B PR THT 0T ety 1 o B 1 e o
RETLIRH

4B IF DOEB THEM 248

410 FRINT

) PRINT" PR

S ORMY KEY TD COMTIMUE";
Rt THEM 4538

g LJUTH 248

READNY.

EASY CHANGES

1. Alter the starting value of R in line 130. Instead of 2, try 50

or 100.
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If you want, you can change the number of sets of triplets
displayed on each screen. Change the 20 in line 400 to a 10,
for example. You probably won’t want to try a value greater
than 20, since that would cause the column headings to roll
off the screen.

To make the program continue without requiring you to
press a key for the next screen of values, insert either of
these lines:

or

405 GOTO 440

405 GOTO 450

The first will display headings for each screen. The second
will only display the headings at the beginning of the run.

MAIN ROUTINES

130
150
180
190-210
220-230
240

250-300
350-390
400-460

Initializes variables.

Displays the title and column headings.

Calculates first value of S for current R value.
Calculates A, B, and C.

Displays one line of values. Adds to counters.
Calculates next S value. If no more, calculates next
R value.

Determines if R and S are relatively prime.
Subroutine to display title and column headings.
Checks if screen is full yet. If so, waits for key to be
pressed.

MAIN VARIABLES

R,S

K

D
A,B,C
S1,Bl,
R1,N
RS

See explanation in “How To Use It.”

Count of total number of sets displayed.

Count of number of sets displayed on one screen.
Lengths of the three sides of the triangle.

Used in determining if R and S are relatively prime.

Key pressed by operator to continue.
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SUGGESTED PROJECTS

1.

In addition to displaying K, A, B, and C on each line, dis-
play R and S. You will have to squeeze the columns closer
together.

Because this program uses integer values that get increas-
ingly large, eventually some will exceed the Commodore 64’s
integer capacity and produce incorrect results. Can you
determine when this will be? Modify the program to stop
when this occurs.
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TUNE

PURPOSE

The Commodore 64 has tremendous sound capabilities. This
program allows you to experiment with simple computer tune-

playing.

HOW TO USE IT

As shown in the Program Listing, TUNE currently plays a
familiar portion of Puff, The Magic Dragon. We’ll explain how
to enter other tunes in a moment.

When you RUN the program, it displays the title of the pro-
gram at the top of the screen and immediately begins playing its
tune. Of course, you have to be using a television with a speaker,
and its volume control needs to be set loud enough for you to
hear the music.

As each note is played, a character is plotted on the TV screen,
starting from the left and moving to the right. The vertical posi-
tion of the point corresponds with the pitch of the note—high
notes are near the top, and low notes near the bottom. If the
tune has more than 20 notes, the display goes to the right edge of
the screen and begins overlaying the notes at the left edge. The
characters displayed are: W = whole note, D = dotted half note,
H = half note, Q =quarter note, E = eighth note, and R =rest.

This graphics display gives you something to watch while the
tune is being played, and for many tunes it clearly shows you the
patterns and symmetry that make music enjoyable.

After you get tired of hearing Puff, you will undoubtedly
want to enter some tunes of your own choosing. With only a lit-
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tle musical training, you can translate a simple piece of sheet
music into the notation needed by this program. We may be
crazy, but we think we can give you enough of an introduction
to reading music in the next few paragraphs that you will be able
to figure out how to understand simple musical notation and
copy a tune into this program. For more details on reading
music, refer to an introductory music text.

First, turn to Appendix M of your Commodore 64 User’s
Guide manual. The main thing to learn from Appendix M is the
frequencies for each musical note. These frequencies will be used
as POKE values within the program.

The next thing we need to know is the duration of each note.
A quarter note is represented by a solid black oval (note-head)
with a “stick” (stem) attached. The most common notes in most
music are whole notes, half notes, quarter notes and eighth
notes. The duration of each of these notes, relative to the others,
is just as you would expect from their fraction-like names. For
example, a quarter note lasts twice as long as an eighth note, but
only half as long as a half note.

A half note looks like a hollow quarter note (i.e., an oval on a
stick). A whole note is an oval with no stick. An eighth note
looks like a quarter note with a flag on the stick. If two eighth
notes are next to each other, they are usually connected by one
bar rather than having individual flags.

A chord is several notes played simultaneously. It looks like a
stack of ovals on one stick. The Commodore 64 can play chords,
but we have chosen to make that one of your special projects.
For our example, we will play the top note on the stack when we
encounter a chord. This is the simplest way to follow the melody
like a one-finger piano player.

And now a word about sharps and flats. The white keys on a
piano are the natural notes. The black keys are the accidentals
(sharps and flats). On a musical score, sharps are indicated by
the pound sign (“#”), and flats by a symbol that resembles a
lower case “b.” Naturals are assumed when neither the sharp or
flat symbol is used. When a particular note is always sharp, for
example, in a tune, this is indicated at the far left of the musical
staff (the five parallel lines upon which the notes are drawn),
rather than next to every occurrence of the note. This applies to
any octave the note is played in. For example, if F sharp is in-
dicated at the left of the staff, all F’s are sharp, whether on that
same line of the staff or not. When an F should be a natural in-
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stead of a sharp, the natural symbol is used next to the F. The
natural symbol is drawn in various ways, but generally looks like
a little rectangle.

With these fundamentals in mind, let’s look at how we enter
music into the TUNE program. The DATA statements that rep-
resent the tune to be played are located between lines 1000 and
2999 of the program. To enter your own music, delete those lines
so you can begin entering yours. Leave line 3000 as it is.

For each note of your tune, the computer needs to know two
things: the note to be played and its duration. The DATA
statements you enter after line 1000 provide this information.
Each entry you make is separated by commas, and indicates high
frequency, low frequency and duration. For each note to be
played, 3 data items are supplied; high frequency (0 for rest),
low frequency (0 for rest) and duration. Duration is specified as;
4 =whole note, 3 for a dotted half note, 2 for a half note, 1 for a
quarter note, and .5 for an eighth note. The other items the
Commodore 64 requires to make music are ATTACK/DECAY,
SUSTAIN/RELEASE, WAVEFORM and VOLUME. VOL-
UME is set at the beginning of the program in line 200. AT-
TACK/DECAY is set at 136 (ATK4(128) and DEC4(8)). SUS-
TAIN/RELEASE is set at 136 (SUS4(128) and REL4(8)). The
WAVEFORM is set at 17 (Triangle). These values are arbitrary
on our part and you will probably want to experiment with them
(See EASY CHANGES). The Commodore 64 User’s Guide
(Chapter 7) contains an extensive discussion on creating sound
with the Commodore 64.

That covers all the rules. All you need to do is enter the DATA
statements for your tune after line 1000. It is generally a good
idea to leave some space between your line numbers, in case you
discover later that you need to add some more lines. Starting
with line 1000, and adding 10 or 20 for each new line number is a
good approach.

Note that we used a separate DATA statement for each bar (or
measure, the space between two vertical lines 'on the staff),
which helps keep things organized in case we have to go back to
fix a mistake.

There is a great deal more about music that we cannot cover in
this limited space, but we hope this introduction has been
enough to get you going. Be sure to read the Easy Changes sec-
tion of this chapter to see several useful modifications you can
easily make.
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Computer

SAMPLE RUN

The program begins playing its tune and displaying a letter for each note

sounded.

PROGRAM LISTING

READY.

196 REM: TUME
COFYRIGHT 1583
, FHIL FELDMAM, AHD

A
T

j 4!71

218 REAT HI Lu nn

28 IF WL O 3o THEM 2320

TOPOKE S42%6, 0 FORE D328, 14 FOKE S32al.
i FRIMT CHREEC 1470 EHD
AT = DLEEDT
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BT

wo g THEM RETLIRM

J.Hl'l.."'-.)'
= T

“HWIfl:JJ”FUFF”IHQQ

 RETURM
|

DT WA T L B T
DETE .1
TETA T,

| TIATH

DATA E
TATH 2
TATH
PHERNC!
THETH
THTHA
TR
AT
THATH
THATH
IHTH 2
LT
IERRE]
TATH
AT
TETH
LHATE
DT
THTA 21,
TETE 2, 7

TETH B, 75, 1. 28

K 1-...?".“1

T T T v O v TP B S B B - P

S I A e i |

ik P T A B

TaFEL L. EALTEL

rh]4 132,94, 5,34, 70, 1.5

e lama, FELL

LATA
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TATH L

AT 4 : ”-"'“ e W
THETH ] :

TATH
THETH &
5OTHATA E
3 DATH 2

3
-3
-3
N

¢ Ll Ay
I e |
[

Sr 1 ag, T, . m

B TATA HE

A TETH

3 DATR 559,580, 4

RERDMY.

EASY CHANGES

1.

To change the tempo (speed) of the tune, change the value
of DT in line 190. Larger values cause all the notes to be held
longer, slowing down the tune. For example, to make the
tune go faster, change line 190 to look like this:

190 DT =200
To make it go slower, use:

190 DT =400
Lines 240, 250 and 280 set the ATTACK/DECAY, SUS-
TAIN/RELEASE and WAVEFORM settings, respectively.
Using Appendix P of the Commodore 64 User’s Guide, ex-
periment with these settings to see if a more pleasing sound
can be obtained.

MAIN ROUTINES

120- 200 Initializes variables, clears screen, sets background

color.

210- 220 Reads DATA statements. Determines if at end of
tune.

230 Calculates duration of note.

235 Performs subroutines to set graphics character and

color of note to be played.

240- 290 Plays note and holds for calculated duration.
300- 360 Stops playing note and returns to get next note.
400- 440 Subroutine to get graphic for note to be played and

color to be used for graphic.

500- 540 Subroutine to determine graphic position on screen.

Also tests for screen overflow and resets with title.

1000-3000 DATA statements for tune being played.
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MAIN VARIABLES

N
C

X
Y
NO
CO
DT

DL
HI
LO
DU
D
S

C

Array of graphics characters.

Array of color codes associated with each graphics
character.

Current screen position (X-axis).

Current screen position (Y-axis).

Current graphics character.

Current graphics color.

Base number for calculation of duration of each
note.

Duration of current note.

High frequency of current note.

Low frequency of current note.

Basic duration of current note.

Loop variable.

Start of CRT area for graphics.

Start of CRT area for color.

SUGGESTED PROJECTS

1.

Write your own tune, using the format supplied. Add sup-
port for sixteenth notes to the program and graphics
display.

As shown, this program only uses VOICE 1. Modify the
program to use VOICE 2 and VOICE 3 as well and add
some chords to the music.

Improve the graphics to actually display the note being
played instead of just the descriptive letter.
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STOPWATCH

PURPOSE AND DISCUSSION

If you are only using your Commodore 64 for making calcula-
tions or other “normal” computer work, you are missing out on
something. The Commodore 64 has a very accurate internal
timer, which can be very useful. This progam uses it in a very ob-
vious way—as a stopwatch. Using a computer as a stopwatch
gives you the advantage of leaving the last few timings on the
screen for reference while you are making the next timing. Of
course, the computer is “smart” enough to allow you to get “lap”
times as well as the final time.

HOW TO USE IT

The opening messages from the program show you your two
options. Pressing the S key causes the stopwatch to start (or
restart, if you had already started it). Pressing the F key a second
time causes the program to show you both the time since the
start and the time since the last F was pressed. This lets you see
interim or “lap” times. Pressing the E key ends the program.

For example, suppose you want to time a one-mile race that is
run as four laps around a quarter-mile track. Before the race
begins, start the program running with the RUN command.
When the starting gun is fired to start the race, press the S key.
At the end of the first lap around the track, press the F key. This
causes the program to show the time since the race started.
When the second lap is completed, press the F key again. The
program will show the time of the second lap. Press the F key
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again when the third and fourth laps are finished to get the time
since start and lap times. Of course, the time since start at the
end of the fourth lap is the final time of the race, even though
the stopwatch keeps running. At that time, you can either press
S to restart the stopwatch (when the next race begms) or press
the E key to stop the program.

The internal timer of the Commodore 64 is accurate to one
sixtieth (Y%0) of a second. The program displays the time as
though it is accurate to .01 seconds. As a result, the second
decimal place is not precise. The actual time is within plus or
minus .02 seconds of the time that is shown. Also, because of the
computation time required to display each timing, wait at least
.4 seconds between consecutive F suppressions.

SAMPLE RUN

First the operator presses S to start the stopwatch. After about one
minute and 22 seconds, he or she presses F. After another 43.46
seconds, F is pressed again.
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PROGRAM LISTING

RERA

188
11e
111
112
12@

=
o3
=

DRI (AT Ch I el S e
P R R O S B (0 R PO
DT AR ERODDARDER

i

D+

REM: STOFMATCH
REM: COPYRIGHT 1383
REM: TOM RUGGE, FHIL FELIMAM. AMHD
REM: WESTERM SYSTEMS GROUP
FRIMT CHEE1470
FRIMT TABCLD  CHREECLE) ) "ETOPWATCH" (FRIMT :FRIM]
FRIMT" & = START OF RESTART"
FRINT" F = FIMISH CIMTERIM OR FIHALM"
FRIWT" = EMD PROGREAM"
FRIMT: PPIHT"” "
ﬁET Rg: IF RE="" THEH 1v&
d=TIFRIMT R$:5§ = R¥
IF Fg="5" THEM 3@
IF RE="F" THEM 4@@
IF REg="[E" THEM EMD
GOTO 1V
Labd Sl PRIMTYSTARTERD "
GOTO Le
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EASY CHANGES

1.

To always display the time in seconds (instead of minutes
and seconds when the time is greater than 60 seconds), delete
line 510.

To eliminate blank lines on the screen (thus allowing more
timings to be retained on the screen), eliminate the first
PRINT and colon on line 160.

To display the time to the nearest tenth of a second (instead
of the nearest hundredth), change the four constant values
of 100 in lines 500 and 530 to 10.
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MAIN ROUTINES

120-150
160-170

180-210
300-310

400-450
500-540

Displays the title and two options.

Displays question mark and waits for a key to be
pressed.

Saves time of key suppression. Checks which key
was pressed.

Saves starting time and displays STARTED.
Displays total and lap times.

Subroutine to convert “jiffies” in J into minutes and
seconds in R$.

MAIN VARIABLES

R$

Rewnr g

Keyboard character pressed by operator. Also used
when displaying minutes and seconds as a string.
Work variable for saving current time.

Time that last S or F was pressed.

Starting time.

Elapsed time (in jiffies) to be displayed.

Number of minutes to be displayed when elapsed
time is greater than 60 seconds.

SUGGESTED PROJECTS

1. Instead of displaying only the last lap time, display the last
two or three lap times. Or, display al/l lap times since the
start by saving each time in an array. Allow for at least
twenty entries.

2. Allow for the possibility of the time automatically resetting
to zero during a timing (by passing midnight or 24 hours
since the Commodore 64 was turned on). Allow 24 hours
worth of jiffies to W if W is less than S.



WEEKDAY

PURPOSE AND DISCUSSION

Weekday is a simple program that provides the day of the
week for any date in the twentieth century. Its basis is an old
parlor trick described by Scot Morris in the GAMES section of a
1981 issue of OMNI magazine.

HOW TO USE IT

The program starts by displaying its title and asking for the
month, day and year for which the conversion is desired. You
enter the three items separated by commas and then press the
RETURN key. The program then validates that a good date was
entered and then calculates the day of the week and displays it. It
then asks if you wish to enter another date or end the program.
If you reply Y, it prompts you for another date. If you reply N,
the program ends.
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- SAMPLE RUN

MEEKDAY

The program requests that a date be entered and the operator replies
with December 7, 1941.

MD YEAR
S (m,0b,vv).

SUMDAY
DATE (Y OR N)?

The program calculates that December 7, 1941 was a Sunday, then asks
if another date is to be entered.



WEEKDAY 325

PROGRAM LISTING

REATY.
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EASY CHANGES

1. To have the program immediately request another date in-
stead of asking if you want another, delete lines 430, 440
and 450. Also, change line 460 to:

460 GOTO 310

MAIN ROUTINES

120-210
300

310-330
340-365
370-420
430-460

500-510

540-650

Initializes variables and sets up arrays.

Displays title.

Gets month, day and year from operator.
Validates input date.

Computes and displays day of the week.

Prompts operator for option to end program or
supply another date.

Issues error message and ends program, if input
date is invalid.

Subroutine to validate date in February, allowing
February 29 if it is a leap year.

MAIN VARIABLES

DW$§
MI

MO
DA
YR

WO
WS
Cs

wY

Array of valid days of the week.

Array of numeric values used to adjust calculation
depending on month.

Month entered by operator.

Day entered by operator.

Year entered by operator.

Work variable.

Work variable.

Input string from operator for continuation option.
Work variable.

SUGGESTED PROJECTS

1. Modify the program to work for other centuries. Research
formulas that are more precise and don’t require ad-
justments.

2. Read about the differences between the JULIAN and
GREGORIAN calendars. This program is based on the
GREGORIAN calendar. Write one that uses the JULIAN
calendar as its basis.
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Errata Offer

All of the programs in this book have been tested carefully
and are working correctly to the best of our knowledge. How-
ever, we take no responsibility for any losses which may be suf-
fered as a result of errors or misuse. You must bear the responsi-
bility of verifying each program’s accuracy and applicability for
your purposes.

If you want to get a copy of an errata sheet that lists correc-
tions for any errors or ambiguities we have found to date, send
one dollar ($1.00) and a self addressed stamped envelope (SASE)
to the address below. Ask for errata for this book (by name). We
hope we won’t have any errors to tell you about, in which case
we'll try to send you some other worthwhile information about
the Commodore 64.

If you think you’ve found an error, please let us know. If you
want an answer, include a SASE.

Please keep in mind that the most likely cause of a program
working incorrectly is a typing error. Please check your typing
very carefully before you send us an irate note about an error in
one of the programs.

Western Systems Group

Errata— Commodore 64 Programs
P.O. Box 162896

Sacramento, CA 95816






MORE HELPFUL WORDS
FOR YOU

Computers for Everybody, 2nd Edition

Jerry Willis and Merl Miller

In a clear, understandable way, this new edition explains
how a computer can be used in your home, office or at
school. If you're anxious to buy a computer, use one, or just
want to find out about them, read this book first.

ISBN 0-88056-094-0 $7.95

The Tenderfoot’s Guide to Word Processing
Barbara Chirlian

This informative book introduces word processing and its
many uses. Described in great detail is a specific word pro-
cessing program called Executive Assistant.

ISBN 0-918398-58-4 $10.95

Nailing Jelly to a Tree
Jerry Willis and William Danley, Jr.

This is a book about software. The emphasis is on learning to
use the thousands of available programs that have already
been written, and adapting them to your machine.

ISBN 0-918398-42-8 $15.95

Small Business Computer Primer

Robert McCaleb

Delta Group, Inc.

Here is a solid overview of computer selection in layman'’s
business language. The book contains unbiased information
which tells you how to successfully evaluate and select a
small computer system.

ISBN 0-88056-067-3 $14.95

dilithium Press, P.O. Box E, Beaverton, OR 97075
Call our toll-free number—800-547-1842—to charge your order on VISA or M/C.
Send to: dilithium Press, P.O. Box E, Beaverton, OR 97075

Please send me the book(s) | have checked. | understand that if I'm not fully satisfied, | can return the
book(s) within 10 days for full and prompt refund.

— Computers for Everybody, 2nd Ed. ___ A Tenderfoot's Guide to Word Processing
— Nailing Jelly to a Tree ____ Small Business Computer Primer
0O Checkenclosed $_____ O Piease charge my

Payable to dilithium Press O VISA 0O Mastercharge
O Send me your catalog of books. #. Exp. Date.

Signature

Name
Address

City, State, Zip







O Yes, send me your free catalog,
BRAINFOOD, which lists over 90
microcomputer books covering
software, hardware, business
applications, general computer literacy
and programming languages.

NAME
ADDRESS

CITY, STATE. ZIP

O Yes, send me your free catalog,
BRAINFOOD, which lists over 90
microcomputer books covering
software, hardware, business
applications, general computer literacy
and programming languages.

NAME
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CITY, STATE, ZIP
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and programming languages.
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COMMODORE USERS TAKE
NOTE . . .

If you like More Than 32 BASIC Programs for the
Commodore 64 Computer, you will appreciate having
the programs on a cassette or diskette which is ready
to run on your Commodore 64 computer. The soft-
ware has a ‘forever guarantee’ (any problems, simply
return the disk with $5 and we will send you a new
one). Not only will it save your typing time, the
cassette will save you time fretting about errors that are
so easy to make. Interested?

O You bet I’m interested! Please send me the 5V4
diskette___ cassette__ for my Commodore 64.

0O Please find my check in the amount of $19.95 and
rush my Commodore 64 software to the address below.

[J Please charge my VISA_____ M/C
and send to the address below.

ACCT # Exp. Date
Signature
Name O Please send me
your catalog
Address entitled Brain
Food.

City, State, Zip
(To expedite your order, phone 1-800-547-1842 and charge
to your VISA or M/C)
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NO POSTAGE
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If you are a Commodore user, this
book is chock full of programs
designed specifically for your
machine. The book includes games,
applications, educational pro-
grams, graphics, mathematics, and
various miscellaneous programs.
Each of the chapters fully docu-
ments each program by providing a
complete source listing of the pro-
gram, its purpose, and how to use
it. The authors also tell you how to
adapt the programs by making sim-
ple modifications.

The programs are fully tested and
ready to run!

Software available in the book/soft-
ware package of the same name.
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