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BASIC Programs for the PET

AN IMPORTANT NOTE

The publisher and authors have made every effort to assure
that the computer programs and programming information in
this publication are accurate and complete. However, 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 program-
ming information. There is no warranty or representation by
either the publisher or the authors that the programs or pro-
gramming information in this book will enable the reader or

user to achieve any particular result.



Preface

You have bought yourself a Commodore PET 2001 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 PET is so small and portable that you can, say, take it
home from work over the weekend and let the kids play educa-
tional 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 PET (or
each other) at some fascinating games. The possibilities go on
and on.

All these things can be done with the PET, but the PET can-
not 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
program 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 PET itself.

2. Learn to program yourself. This is a nice alternative, but it
takes time. There are lots of programming books available —
some are good, some 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 programs.
Fach 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 gen-
eralized 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 the PET’s 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 PET. If you type them in exactly as shown,
they will work! No changes are needed. In addition, we show
you exactly what to change in order to make some simple
modifications that may suit your taste or needs. Plus, if you



Preface ix

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 PET, 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 PET 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 an 8K Commodore PET 2001 computer. Most will also
run on a 4K PET (see Appendix 1). 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 results.

. 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 information
provided in the previous two sections (Main Routines and
Main Variables).

To use any of these programs on your PET computer, 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 programs
in this book:

1. Read through the documentation that came with the PET to
learn the fundamentals of communication with the computer.
This will teach you how to turn the computer on, enter a
program, correct mistakes, run a program, etc.

2. 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 “Miscellaneous
Programs” first.

3. Read Sections 2 and 3 of the chapter (“How To Use It”” and
“Sample Run”) tolearn the details of what the program does.

4. Enter the NEW command to eliminate any existing program
that might already be in your PET’s memory. Using Section 4
of the chapter (“Program Listing™), carefully enter the pro-
gram into the PET. Be particularly careful to get all the punc-
tuation characters right (i.e., commas, semicolons, colons,
quotation marks, etc.).

5. After the entire program is entered into the PET’s memory,
use the LIST command todisplay 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 minute to note the
differences in these characters before you begin.

6. Before trying to RUN the program, use the SAVE command
to save the program temporarily on cassette. This could pre-
vent a lot of wasted effort in case something goes wrong
(power failure, PET malfunction, etc.).
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7.

10.

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.

.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 asemicolon. Maybe you typed a numeric
1 or O 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
PET 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 possi-
bility is that one or more lines were omitted entirely. In any
event, fix the problem and go back tostep 7.

If there are no error messages, but the program is not doing
the same thing as the Sample Run, there are two possibilities.
First, maybe the program isn’t supposed to do exactly the
same thing. Some of the programs are designed to do unpre-
dictable things to avoid repetition (primarily the game pro-
grams 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.
These are 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.

. Continue running the program, tryingto duplicate the Sample

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 (using the same name as the title of the
chapter), and VERIFY it.

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 probably
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want to give it a slightly different name from the original
version to avoid future confusion. For example, try SAVE
“YOCAB?2” instead of SAVE“VOCAB”.

A NOTE ON THE PROGRAM LISTINGS

A line on the screen of the PET is 40 characters wide. The
printer that was used to create the Program Listing section of
each chapter prints lines up to 80 characters long. For best
reproduction in this book, it is preferable that each published
line be no longer than 55 characters. This combination of facts
might cause you a little confusion when you are copying the
programs into your PET. Here’s the way it works.

Wherever there is a line in a program that is longer than 55
characters, it has been divided into two lines that are each no
more than 55 characters. You can recognize this easily because
the second part has no line number at the left-hand side. This
division is only for the purpose of printing the book. You should
think of a divided line like this as one long line and enter it
into your PET as a single line. Where possible, this division
is made in such a way that the first part of the line ends with
a colon so you can notice it more easily.

Don’t be fooled by the fact that the cursor on your PET
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 PET can help
us to do useful work. Here are six 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.

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.

By no means is the PET restricted to numerical type applica-
tions. STOPWATCH will turn your computer into a precise
sophisticated stopwatch with a variety of uses.

Often we are faced with difficult decisions. DECIDE trans-
forms the PET into a trusty advisor. Help will be at hand for
any decision involving the selection of one alternative from
several choices.

Before anything else, you might want to consult BIORHYTHM
each day. Some major airlines, and other industries, are placing
credence on biorhythm theory. If you agree, or *ust in case,”
simply turn on your PET and load this program.
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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
endurance. 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
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have greater success in learning new material and pursuing
creative, intellectual activities. During the second half, you are
supposedly better off reviewing old material rather than at-
tempting to learn difficult new concepts.

The ups and downs of these cycles are relative to each indi-
vidual. 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
potential problem can increase. As you might expect, a triple
critical day is one on which you are recommended to be es-
pecially careful.

Please note that there is quite a bit of controversy about
biorhythms. Most scientists feel that there is not nearly enough
evidence to conclude that biorhythms can tell you anything
meaningful. 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 PET computer.

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 biorhythm
chart. Enter it in the same way. Of course, this date cannot be
earlier than the birth date.

After a delay of about asecond, the program clears the screen
and begins plotting the biorhythm chart, one day at a time. The
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left side of the screen displays the date, while the right side dis-
plays 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 or 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.

Eighteen days of the chart are displayed on one screen, and
then the program waits for you to press a key. If you press the
E key, the current chart ends and the program starts over again.
If you press the SPACE key (or any other key except STOP or
SHIFT), the program clears the screen and displays the next
eighteen days of the chart.

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 confining for you.

SAMPLE RUN

BIORHYTHMS

ENTER BIRTH DATE

MONTH (4 TO 12)?
ng <1 1'0 31)3 381
YEAR? 47

1947 ASSUMED.

ENTER START DATE FOR CHART

YEAR? 7
1978 A

MONTH (3 TQ 12>2 7
Dvugogn.z

SUMED .

The operator enters his or her birth date and the date for the beginning of
the chart
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BIORHY THM
--DATE-- D OMWN

i

NN

NN N NN

NN NN NN

WD

Ve
s
7
7
7/
;
78
/
7/
7/
7/
7/
7/

m
0 OONOVAN
NANNN

D N\\N\N

h ]
o N\

‘E’ TO END, SPACE TO CONTINUE

The program responds with the first 18 days of the operator’s biorhythm
chart, then waits for a key to be pressed.

PROGRAM LISTING

100 REM?! BIORHYTHM

110 REM! COFYRIGHT 1978 BY TOM RUGG AND FPHIL FELDMAN
120 L=01Z=,9999!T=15IP=3,141539265

130 PRINT CHR$(147)5TAB(8)7"BIORHYTHMS"
140 GOSUR 1200 PRINTIFRINT

150 PRINTVENTER BIRTH LATE"

160 GOSUR 500

170 GOSUR 600

18¢ JB=JD

190 FRINTIFRINT"ENTER START DATE FOR CHART®
200 GOSUR 500

210 GOSUR 600

220 JC=JI

230 IF JC>=JB THEN 270

240 PRINT"CHART DATE CAN’T BE EARLIER"
250 PRINT"THAN BIRTH DATE. TRY AGAIN.”
260 GOTO 140

270 FOR J=1 TO 1000 iNEXT

280 GOSUR 700

300 N=JC-JB

310 V=23:GOSUE 800:GOSUR 830

120 y=281G0SUB 800I1GOSUR 850
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330
349
350
360
370
380
390
400
300
W5
10
320
330
540
350
360
570
a80
600
610
620
630
640
630
660
670
700
710
720
730
740
750
800
810
830
855
860
870
880
890
900
910
920
930
240
930
955
957
960

V=33:GOSUR 800 :GOSUR 830

GOSUR 1000

FRINT C$3TAB(B)iLS
JC=JCH+1iL=L41¢IF L<18 THEN 309
FPRINTIPRINT"FRESS ‘E’ TO ENDs SPACE TO CONTINUE"
GET R$!IF R$="" THEN 380

IF R&="E" THEN 120

L=0:C0T0 280

PRINT

INFUT"HMONTH €1 TO 12)"iH
M=INT{M)IIF <1 OR M>12 THEN 505
INPUT"DAY (1 TO 31)"iD

D=INTC(D)IIF Dl OR D>31 THEN 520
INFUT"YEAR"3Y

Y=INTCY)SIF Y<0 THEN 540

IF Y:99 THEN 580

Y=Y+1900 FRINT Y35"ASSUMED."”

RETURN

W=INTC(M-14)/1242)
Jo=INT(1461%(Y+48004W)/4)

B=367%( M-2-WX12)/12

IF B<0 THEN B=BR+Z

B=INT(R):JD=JIH4R
B=INTCINT(3X( Y+49004U )/100)/4)
JO=JI40-32075-B

RETURN

FRINT CHR$(147);

PRINT TAB(14);"BIORHYTHM"
PRINT$PRINT"--DATE~~"3iTAB(11 )3
FRINT®D O W N"STAB(23)i"0" 3 TAB(29)i"U P"
FRINT TAB(8)iU$ '

RETURN

W=INT{N/V)IR=N-W%V

RETURN

IF V<23 THEN 900

L$=CHR$( 32)IFOR J=1 TO 4

Lé=L $+LE INEXT

Lé$=L$HLEFT$(L$513)
L$=LEFT$(L$» T HCHR$( 194 JHRIGHTS(L$+T)
IF V=23 THEN C$="P"

IF V=28 THEN C$="E"

IF V=33 THEN C$="I"

W=R/V W=UX2XP

W=TKSINCW ) U=W+TH+1 .5
W=INT(W)IAS=MID$(LS$ UWs1)

IF A$="P" OR A$="E" OR A$="X" THEN C$="%"
IF W=1 THEN 980

IF W=31 THEN 990

L$=LEFT$(L$sU~-1 MHCE+RIGHTS( LS, 3I1-W)
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770 RETURMN
980 L$=CH+RICHT${L$s30 ) IRETURN
990 L$=LEFT${L$+30 )+C$ IRETURN

1900
1010
1020
10390
1040
1050
1040
1070
1080
1099
1100
1110
1129
1130
1140
1200
1219
F220
1239

W=JC+68569 tR=INT( 4XUW/146097)
W=W-INT((146097%R+3)/4)
Y=INT{4000X( W1 )/1461001)
W=W-INT( 1461%Y/4)+31
M=INT(BOXW/2447)

I=W-INT{ 2447%H/80)
W=INT(M/11 ) iM=H+2-12%W
Y=100X(R-49 }+Y+U
AF=ETR$( M) LU=LEN( A% )-1
Cé=MINSCAS» 25U " /"
AS=5TR$C I IW=LEN(AS$)-1
C=CHMIDSC A 25U " /Y
AE=5TR$CY )1 W=LEN( A% )-1
Co=CHHHIDS(ASUWI2)

RETURN

U$=CHR${ 210 )IFOR J=1 TO 4
Us=U$+U$ INEXT
Us=US$H+LEFT$(U$,13)

RETURN

EASY CHANGES

1. Want to see the number of days between any two dates?
Insert 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 18 in line 360. You might prefer 14, for
example.

MAIN ROUTINES

120- 140 Initializes variables. Displays titles.
150-180 Asks for birth date and converts to Julian date

format (i.e., the number of days since January 1,
4713 B.C.

190- 220 Asks for start date for chart and converts to Julian

date format.

230- 260 Checks that chart date is not sooner than birth date.
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270
280
300

310-330
340

350
360-400

500-580
600- 670
700- 750
800- 810
850-990
1000-1140

1200-1230

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.
Subroutine to plot a point in L§ based on V and R.
Subroutine to convert Julian date JC back into
month-day-year format.

Subroutine to create astring of 31 horizontal graphics
characters.

MAIN VARIABLES

L
Z
T

P
JB
ID
IC
J
N
\%

C$
L$
RS
M
D
Y

Counter of number of lines on screen.

Constant used in integer truncation.

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).
Us$ String of 31 horizontal graphics characters.
A$ Work variable.

SUGGESTED PROJECTS

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 emotional
and intellectual cycles when he wrote “The Gettysburg Address™?
Do a significant percentage of accidents befall people on critical
days?



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
statement with the checkbook. Fortunately, you have an advan-
tage—your computer. This program takes you through the
necessary steps to balance your checkbook, doing the arithmetic
for you, of course.

HOW TO USE IT

The program starts off by giving you instructions about how
to verify that the amount of each check and deposit are the
same on the statement as they are in your checkbook. Some-
times 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 sometimes 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.
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This will generally be the highest numbered check the bank has
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 pro-
gram 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.
Typically, this is just a monthly service charge, but there
might also be charges for printing new checks for you or some
other adjustment 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 processed 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. You have seven
options of what to do next which allow you to review the num-
bers you entered in case of a typing error. if you find an error,
go back to the beginning and try again. Of course, if it is a simple
error that precisely accounts for the amount by which you are
out of balance, there is no need to go through the whole thing
again.
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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
checkbook. 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 accidentially 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 Zast 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 entries you can
make in each category (checks outstanding, deposits outstanding,
etc.), but these can be changed easily. See “Easy Changes”
below.

NOTE: SEE DISCLAIMER IN FRONT PART OF BOOK.

SAMPLE RUN

CHECKBOOK BALANCER

FIRST, COMPARE THE BANK STATEMENT
WITH YOUR CHECKBOOK.

MAKE SURE THE STATEMENT AND THE
CHECKBOOK SHOW THE SAME FIGURES
FOR EACH CHECK AND DEPOSIT.

MAKE A MARK IN THE CHECKBOOK NEXT TO
EACH CHECK AND DEPOSIT LISTED
ON THE STATEMENT.

WHAT'S THE ENDING BALANCE SHOWN
ON THE STATEMENT?
? 520.16



14 BASIC Programs for the PET

NOW FIND THE MOST RECENT CHECK THAT
IS SHOWN ON THE BANK STATEMENT.

WHAT IS THE CHECK NUMBER OF
THIS CHECK? 1652

WHAT BALANCE DOES YOUR CHECKBOOK
SHOW AFTER CHECK NO. 1652
? L4L8g.12

ENTER THE AMOUNT OF EACH DEPOSIT
THAT IS SHOWN IN YOUR CHECKBOOK
PRIOR TO CHECK NO. 1652

BUT IS NOT ON THE STATEMENT.

WHEN NO MORE, SAY 'END'
? END

TOTAL = §

NOW ENTER THE AMOUNTS OF ANY CHECKS
THAT ARE IN YOUR CHECKBOOK PRIOR

TO CHECK 1652 BUT THAT

HAVE NOT BEEN SHOWN ON A BANK
STATEMENT YET.

WHEN NO MORE, SAY 'END'
? 35.04
2 10

? END
TOTAL = 45.04

NOW ENTER THE AMOUNTS OF ANY
SERVICE CHARGES OR DEBIT MEMOS.

WHEN NO MORE, SAY 'END'
? 2.35
? 2.65
? D

4

m
Z

\

TOTAL = 5

ENTER THE AMOUNT OF EACH DEPOSIT
THAT IS SHOWN IN YOUR CHECKBOOK
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AFTER CHECK NO. 1652 THAT IS
ALSO LISTED ON THE STATEMENT.

WHEN NO MORE, SAY 'END'
? END

TOTAL = §

CONGRATULATIONS! IT BALANCES.

STATEMENT BALANCE + DEPOSITS OUTSTANDING

+ SERVICE CHARGES

CHECKBOOK BALANCE
+ RECENT DEPOSITS

525.16

+

CHECKS OUTSTANDING
525.16

DIFFERENCE = §

NEXT ACTION:

?

- LIST CHECKS OUTSTANDING

- LIST DEPOSITS OUTSTANDING

- LIST SERVICE CHARGES

- START OVER

END PROGRAM

- DISPLAY BALANCING INFO

- LIST DEPOSITS AFTER LAST CHECK

MmNV FWwWND =
|

READY.

PROGRAM LISTING

109
114
120
130
140
150
160
170
180
190
200
210

220

KEM; CHECKBOOK BALANCER

HEMS COFYRIGHT 1978 BY TUM RUGE anb PHIL FELIMAN
PRINT CHR$(147)

FRINT TABOL0)3"CHECKBOOK BALAMCER"
FRIMYEFRINT

MO=10 i MO=S1H5=91HR=0

DIH GO HC Y DRI ) o 5O ME ) s ROMRD
TC=03T=03T8=0 L TR=0INC=0 S NI=g S NE=0 (NR=0
E$="ERKUR, RE-ENTERs FLEASE."
PRINT"FIRST . COMPARE THE BANE STATERENTY
FRINT"WITH YOUR CHECKRBOGOK.”

FRINT

FRINT"HAKE SURE THE STATEMENT aNb THE®
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230
2490
5o
260
270
280
290
300
310
320
330
340
350
360
370
384
390
400
410
420
430
440
450
4460
470
480
499
900
510
520
330
5490
545
550
560
570
580
590
500
610
620
&30
640
4650
660
670
680
690
700
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FRINT"CHECKBOOK SHOW THE HAME FIGURES"

PRINT"FOR EACH CHECKR AND GEPOSIT.Y
FRINTIPRINTYHAKE A MARK IM THE CHECKBOOK NEXT TOY
FRINT"EACH CHECK AND DEFOSIT LISTED®

PRINT"ON THE STATEMENT.”

FRINTIPRINT'WHAT S THE ENDING BALANCE SHUWN"
FRINTYON THE STATERENTT" DINPUT 5B
PRINTIPRINTNOW FIND THE MOST RECENT CHECK THAT"
FRINT"IS SHOWN OM THE BaNK olﬁfEﬁENT;"

FRINT

FRINT"WHAT IS5 THE CHECK MUMBER OF"

INFUT"THIS CHECK"$LC

IF LC=INT{LC) THEN 380

FRINT NGO, NOT THE ARMOUNT OF THE CHECK."

GOTO 300

PRINT

FRINT"WHAT BALANCE DOESD YOUR CHECKBGOR"
FPRINT"SHOW AFTER CHECK NO."3sLC

INFUT CB

FRINTIPRINT

FRINTYENTER THE AMOUNT OF EACH DEFOSIY
PRINT"THAT I5 SHOWHN IN YOUR CHECKBOGR®
FRINT"PRIOR TO CHECK NOJ"5LC
FRINT"BUT I5 NOT ON THE STATENENT."
A="WHEN NO HORE. S&Y ENDCUIFRINTIFRINT a%
INPUT R%

IF R$="END" THEN Jéh

IF VALCR$):0 THEN 520

FRINT (FRINT E4: GUIU 470

NO=NIEL LI MD )=VALCRS DI TI=TRHD{ NG

IF NDB<HMD THEN 480

FRINT DPRINT MO HORE ROOH."
PRINTOPRINT"TOTAL =" TDUPRINT

FRINT"NOW ENTER THE AMOUNTS OF ANY CHECRE"
FRINT"THAT aRE IN YOUR CHECKROOK PRIOK"
PRINT"TO CHECR" LG "RUT THAT®

FRINT"HAVE NOT BEER SHOWN ON A BANKRY
PRINT"STATEMENT YET.®

PRINTIFRINT A%

INFUT R3

IF R$="END" THEN &90

IF VAL(R$ >0 THEN &80

FRINTIPRINT E%

GOT0 609

NC=NCH1 tCOHE =VaLIRE 1ITC=TCHCINE

IF NC<MC THEN 610
FRINT(PRINTONG WORE R ﬁﬁ H
FRINTIPRINT"TUOTAL ="
FRINT"NOW ENTER THE Hﬁud“ 5 OOF ANY"
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710 PRINT"SERVICE CHARGES OF DEEIT HMEHOS.M
720 PRINTIFRINT A%

730 INFUT K%

740 IF Re="END" THEN g0
790 IF VALIR$ )= THEM 770
760 FRINTIFRINT E$:GUTO 720

770 HS=NS+1I8I NS =VALIRS 71 TE=TE4+B{ NS )

780 IF NSIHMS THEM 730

790 PRINTIPRINT"HO HMORE ROOH®IPRINT

800 PRINTIPRINT"TOTAL =" s THIFRINT

805 GOSUR 2000

810 W=S8R4+TIHTE-CR-TC-TRIW=ABEIW )

815 IF W 001 THEN =0

817 IF W<x0 THEM 840

820 FRINTHFRINT"CONGEATULATIONG: 1T BALANCES.”
830 GOTO 850

840 PRINTIPRINT'SORRY . IT75L OUT OF HALANCE

850 FRINT
860 PRINT"STATEMENT BALANCE + bE 175 0
870 PRINT"+ SERVICE CHARGES ="i5B4TI4TS
880 PRINT

820 PRINT"CHECKBOOR RALANCE + CHECKZ OuUv!
200 PRINT"4 RECENT DEFOSITD =":CBHTCH+TR
910 FRINT

920 FRINT"DIFFERENCE ="3U

930 PRINT

940 PRINT"NEXT ACTIOMG"

950 FRINT® - LIST CHECKS OUTST#H
2480 FRINT® - LIST DEPOSITS OUTS
970 FRINT - LIST SERVICE CHARGER
980 FRINT" - START OQVER"

990 FRINT" - ERO FROGREMH"
1000 FRINT" &6 - DISFLAY BQLHN 1
1010 PRINT" 7 - LIST DEFOSITS A
1020 INFUT R$iR=VALIRS:)

1030 IF R<1 OKR Rx7 THEN 1050
1040 ON R GOTO 1100120064300 3400 15008501709
1050 PRINTIFRINT E$: GGTG G 30

1100 PRINTIPRINTIFRINTYCHECKS QUTSTANDINGY

1110 FOR J=1 TO NC

1120 PRINT COJMIMEXT

1130 GOTO %3¢

1200 PRINTIPRINTIFRINTYRBEROSRITE QUTS
1210 FOR J=1 T4 NI

1220 FPRINT O0J)INEXT

1230 GOTO 930

1300 PRINTIFRINTIPRINTYSERVICE CHARGER®
1310 FOR J=1 TO H&

1320 PRINT S{J)IHEXT

STANDING

STANDING”

5 s Ed P b

o
i

NG I
FTER

i
L 57 CHECK
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1330 GOTO 730

1400 CLK

1410 GOTO 120

1500 END

1700 PRINTIPRINTIPRINT"RECENT DEFOBITS®
171¢ FOR J=1 T0 NK

1720 PRINT R{J)HEXT

1730 GOTO 730

2000 PRINT

2010 PRINT"ENTER THE AMOUNT OF EACH DEPOSIT®
2020 PRINTTHAT I5 SHOWN IN YOUR CHECKBOOR”
2030 PRINT"AFTER CHECK NO."5LCs"THAT I8"
2040 PRINT"ALS0 LISTED ON THE STATEMENT.”
2050 PRINTIFRINT A%

2060 INPUT R%

2070 IF R$="END" THEN 2130

2080 IF VAL(R$):0 THEN 2100

2090 FRINTIPRINT E$:GOTO 2050

2100 NR=NR+1IR({NR)=VALIR$ IITR=TRR{NK)

2110 IF NR<MR THEN 2080

2120 PRINTIPRINT"NO HORE ROOH.®

2130 PRINTIPRINT"TOTAL =" TRIFRINT

2140 RETURN

EASY CHANGES

Change the limitations of how many entries you can make in
each category. Line 150 establishes these limits. If you have
more than ten checks outstanding at some time, change the
value of MC to 20, for example. The other three variables can
also be changed if you anticipate needing more than five entries.
They are: the number of deposits outstanding (MD), the number
of service charges and debit memos (MS), and the number of
recent deposits and credit memos (MR).

MAIN ROUTINES

120- 290
300-370
380-410

420- 545
550-690

Initializes variables and displays first instructions.
Gets most recent check number.

Gets checkbook balance after most recent check
number.

Gets outstanding deposits.

Gets outstanding checks.
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700 - 800
805
810-920
930- 1050

1100- 1130
1200- 1230
1300- 1330

1400- 1410
1500

1700 - 1730
2000- 2140

19

Gets service charges and debit memos.

Gets recent deposits and credit memos.

Does balancing calculation. Displays it.

Asks for next action. Goes to appropriate sub-
routine.

Subroutine to display checks outstanding.
Subroutine to display deposits outstanding.
Subroutine to display service charges and debit
memaos.

Clears variables and restarts program.

Ends the program.

Subroutine to display recent deposits.

Subroutine to get recent deposits.

MAIN VARIABLES

MC

Maximum number of checks outstanding.
Maximum number of deposits outstanding.
Maximum number of service charges, debit memos.
Maximum number of recent deposits, credit
memos.

Array for checks outstanding.

Array for deposits outstanding.

Array for service charges and debit memos.

Array for recent deposits and credit memos.
Total of checks outstanding.

Total of deposits outstanding.

Total of service charges and debit memos.

Total of recent deposits and credit memos.
Number of checks outstanding.

Number of deposits outstanding.

Number of service charges and debit memos.
Number of recent deposits and credit memos.
Error message.

Statement balance.

Number of last check on statement.

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

Amount by which checkbook is out of balance.
Numeric value of reply for next action.



20 BASIC Programs for the PET

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.

7. Allow the operator to modify any entries that have been
discovered to be in error. This could be done by adding
another option to the “NEXT ACTION” list, which would
then ask the operator which category to change. This would
allow the operator to correct an error without having to
re-enter everything from the beginning.

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 con-
dition.

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.



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 PET computer of course.

This program can help you make decisions involving the
selection of one alternative from several choices. It works by
prying relevant information from you and then organizing it in
a meaningful, quantitiative 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 individual 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 to indicate which type of decision is
facing you. (It is not necessary to hit the RETURN key.) 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 question
mark will prompt you for each one. When the list is complete,
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 important
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 factor 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
importance 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 ohe of the decision possi-
bilities. 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
canary only about two thirds as affectionate as a cat. (No
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slighting of bird lovers is intended here, of course. Your actual
ratings may be entirely different.)

Armed with all this information, the program will now
determine which choice seems best for you. The various possi-
bilities 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
insights. 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

DECIDE

I CAN HELP YOU MAKE A DECISION. ALL
I NEED TO DO IS ASK SOME QUESTIONS AND
THEN ANALYZE THE INFORMATION YOU GIVE.

WHICH OF THESE BEST DESCRIBES THE TYPE
OF DECISION FACING YOU?

1) CHOOSING AN ITEM FROM VARIOUS
ALTERNATIVES.

2) CHOOSING A COURSE OF ACTION FROM
VARIOUS ALTERNATIVES.

3) MAKING A 'YES' OR 'NO' DECISION.
WHICH ONE (1, 2, OR 3)? 1

WHAT TYPE OF ITEM MUST YOU DECIDE UPON
? VACATION

I NEED TO HAVE A LIST OF EACH
VACATION UNDER CONSIDERATION.

INPUT THEM ONE AT A TIME
IN RESPONSE TO EACH QUESTION MARK.

THE ORDER IN WHICH YOU INPUT THEM
HAS NO PARTICULAR SIGNIFICANCE.

TYPE THE WORD 'END' TO INDICATE
THAT THE WHOLE LIST HAS BEEN ENTERED.
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MOUNTAIN CAMPING
AFRICAN SAFARI

TRIP TO WASHINGTON D.C.
END

.K. HERE'S THE LIST YOU'VE GIVEN ME:

1) MOUNTAIN CAMPING
2) AFRICAN SAFARI
3) TRIP TO WASHINGTON D.C.

IS THIS LIST CORRECT (Y OR N) ? YES

NOW, THINK OF THE DIFFERENT FACTORS
THAT ARE IMPORTANT TO YOU IN CHOOSING
THE BEST VACATION.

INPUT THEM ONE AT A TIME IN RESPONSE
TO EACH QUESTION MARK.

TYPE THE WORD 'END' TO TERMINATE

THE LIST.

? RELAXATION

? AFFORDABILITY

? CHANGE OF PACE

? END

HERE'S THE LIST OF FACTORS YOU GAVE ME:
1) RELAXATION

2) AFFORDABILITY
3) CHANGE OF PACE

DECIDE WHICH FACTOR ON THE LIST IS
THE MOST IMPORTANT AND INPUT ITS NUMBER.

(TYPE § IF THE LIST NEEDS CHANGING.)
? 2

NOW LET'S SUPPOSE WE HAVE A SCALE OF
IMPORTANCE RANGING FROM @-14.

WE'LL GIVE AFFORDABILITY A
VALUE OF 1§ SINCE AFFORDABILITY
WAS RATED THE MOST IMPORTANT.

ON THIS SCALE, WHAT VALUE OF
IMPORTANCE WOULD THE OTHER FACTORS HAVE?

RELAXATION
? 5.5

LICEEIV IV IR

O
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CHANGE OF PACE
2 9

EACH VACATION
MUST NOW BE COMPARED WITH RESPECT TO
EACH IMPORTANCE FACTOR.

WE'LL CONSIDER EACH FACTOR
SEPARATELY AND THEN RATE
EACH VACATION IN TERMS
OF THAT FACTOR ONLY.

LET'S GIVE MOUNTAIN CAMPING
A VALUE OF 1§ ON EVERY SCALE.

THEN EVERY OTHER VACATION
WILL BE ASSIGNED A VALUE HIGHER OR
LOWER THAN 1@. THIS VALUE DEPENDS ON
HOW MUCH YOU THINK IT IS BETTER OR
WORSE THAN MOUNTAIN CAMPING

CONSIDERING ONLY RELAXATION AND
ASSIGNING 18 TO MOUNTAIN CAMPING
WHAT VALUE WOULD YOU ASSIGN TO

AFRICAN SAFARI? 3
TRIP TO WASHINGTON D.C.? 9

CONSIDERING ONLY AFFORDABILITY AND
ASSIGNING 1f TO MOUNTAIN CAMPING
WHAT VALUE WOULD YOU ASSIGN TO

AFRICAN SAFARI? 1
TRIP TO WASHINGTON D.C.? 8

CONSIDERING ONLY CHANGE OF PACE AND
ASSIGNING 1§ TO MOUNTAIN CAMPING
WHAT VALUE WOULD YOU ASSIGN TO

AFRICAN SAFARI? 6§
TRIP TO WASHINGTON D.C.? 25

;

.
’

;

TRIP TO WASHINGTON D.C. COMES OUT BEST
BUT IT'S VERY CLOSE.

HERE IS THE FINAL LIST IN ORDER.
TRIP TO WASHINGTON D.C. HAS BEEN

25
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GIVEN A VALUE OF 1f@ AND THE OTHERS
RATED ACCORDINGLY.

194 TRIP TO WASHINGTON D.C.
98.6587184 MOUNTAIN CAMPING
78.8375559 AFRICAN SAFARI

READY.

PROGRAM LISTING

100 REM BECIDE

110 REM COPYRIGHT 1978 EY PHIL FELDMAN AND TOM RUGG
160 DIM L$(10)yF$(10)yV{10)sCC10910) 1010 ), Z(10)

180 E$="ENDI"

190 FOR J=1 TO 10IGET R$INEXT

200 GOSUER 2000

210 PRINT® I CAN HELF YOU MAKE & DECISION. ALLY

220 PRINT"I NEED TO IO IS ASK S0ME QUESTIONS AND”

230 PRINT"THEN ANALYZE THE INFORMATION YOU GIVE."IFRINT
240 PRINT®  ———mmmeemeesm e e e o " {FRINT

250 PRINT"WHICH OF THESE BEST DESCRIRES THE TYFE"

260 PRINT"OF DECISION FACING YOUT" IFRINT

270 PRINT" 1) CHOOSING AN ITEM FROM VARIOUZ®

280 PRINT® ALTERNATIVES." IFRINT

290 FRINT" 2) CHOOSING & CGURSE OF ACTION FROM"

300 PRINT" VARIOUS ALTERNQTIUE "IFRINT

310 PRINT" 3) MAKING A “YES' OR NG’ DECIBION." tFRINT
320 PRINT"WHICH ONE 1, 2y OR 3)7"j

330 GET R$:IIF R$="" THEN 330

340 T=VAL(R$)IIF T<1 OR Tx3 THEN 330

350 PRINT TiGOSUR 2000

400 FOR J=1 TO 9iGET R$INEXTION T GUTU 41054404470

410 PRINT"WHAT TYPE OF ITEM MUST YOU DECIDE UPON

420 INFUT T$160TO 500

440 T$="COURSE OF ACTION"IGOTO S00

470 T$="’YES’ OR ‘NO""

480 NI=2 L$(1)‘"hECIﬂINb TES" $L4{ 2)="DECIDING NO”

490 GOTO 730

500 GOSUR 20003NI=0

510 PRINT" I MEED TO HAVE & LIST OF EﬁCH"

520 PRINT T$3" UNDER CONSIDERATION." (PRINT

530 PRINT®  INFUT THEM ONE AT A TIHE“

540 PRINT"IN RESPONSE TO EACH QUESTION MARK." IFRINT
£50 PRINT*  THE ORDER IN WHICH YOU INFUT THENT

560 PRINT"HAS NO PARTICULAR SIGNIFICANCE."IFRINI
570 FRINT"  TYPE THE WORD 7 ";E$:"° TO INDICATE"




DECIDE 27

580 PRINT"THAT THE WHOLE LIST HAS BEEN ENTERED."FRINT
590 NI=NI+LIINFUT L$(NI)
600 IF L$(NI):E$ THEN 5390
610 NI=NI-1
620 IF NI>=Z THEN 630
430 PRINTIPRINT"YOU MUST HAVE AT LEAST 2 CHOICES" IPRINT
640 PRINT"TRY AGAIN"IGOSUER 2100:1G0TO 500
630 GOSUR 20003
PRINT"O.K. HERE'S THE LIST YOU'VE GIVEN MEI"IFRINT
660 FOR J=1 TO NIIFRINT" "sJsCHR$(157)5") "iLs{Jn
NEXT{FRINT
670 FOR J=1 TO 9iGET R¥INEXTS
FRINT"IS THIS LIST CORRECT (Y OR N) 7 *j
680 GET R$:IIF R$="" THEN 480
690 IF R$="Y" THEN FRINT"YES" 16070 750
700 IF R$="N" THEN FRINT"NO"
710 IF R$="N" THEN FRINT:
PRINT"THE LIST MUST BE RE-ENTERER"
720 IF R$="N" THEN GOSUR 2100:GOSUR 500
730 GOTO 680
750 GOSUR 2000:FOR J=1 TO 7:GET R$INEXT
760 PRINT"  NOW» THINK OF THE DIFFERENT FACTORS"
770 IF T<3 THEN
FRINT"THAT ARE IWPORTANT TO YOU IN CHOOSING"
780 IF T<3 THEN PRINT"THE BEST "s5T¢i"."
790 IF T=3 THEN PRINT"THAT ARE IMFORTANT TO
YOU IN DECIDING" IFRINT"YES OR NO"
800 PRINT:
FRINT"  INFUT THEM ONE AT A TIME IN REBFONSE"
810 PRINT"TO EACH QUESTION MARK," IFRINT
820 PRINT"  TYPE THE WORD “"3E$3"" TO TERMINATE"
830 PRINT"THE LIST." IFRINTINF=0
840 NF=NF+11INFUT F$(NF)
850 IF F(NF)<>E$ THEN 840
860 NF=NF-1:iPRINT
870 IF NF<1 THEN
FRINT"YOU MUST HAVE AT LEAST ONE! ~ REDO IT"
880 IF NF<1 THEN GOSUR 2100:GOTO 730
890 GOSUE 2000:FRINT"HERE’S THE LIST OF
FACTORS YOU GAVE HMEI" IPRINT
900 FOR J=1 TO NF:
FRINT" "§J3CHR$CIS7)5" ) "iF$(JIINEXTLFRINT
910 PRINT®  DECIDE WHICH FACTOR OM THE LIST Ig®
920 PRINT"THE MOST INMPORTANT AND' INFUT ITS NUMBER."
930 PRINT"(TYPE 0 IF THE LIST NEEDS CHANGING.)" !FRINT
240 INFUT AA=INT(A)IIF A=0 THEN 730
950 IF A:NF THEN 890
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1000 GOSUE 20001IF NF=1 THEN 120¢
1010 PRINT"  NOW LET’5 SUFFOSE WE HAVE A SCALE OF"
1020 PRINT"IMPORTANCE RANGING FROM O-10." iPRINT
1030 PRINT" WE‘LL GIVE "sF®{AX:" A"
1040 PRINT*VALUE OF 10 SINCE "iF3${A)}
1050 PRINT"WAS RATED THE MOST IMFPORTANT." IFRINT
1060 PRINT"  ON THIS SCALE, WHAT VALUE OF"
1070 PRINT"IMPORTANCE WOULDR THE OTHER FACTORE HAVET"
1080 FOR J=1 TO NFIIF J=A THEN 1110
1090 PRINTIPRINT F${J)LINPUT V(D)
1100 IF V(J)0 OR V{J)>10 THEN
FRINT" IWMPOSSIBLE VALUE - TRY AGAIN"IGOTO 1090
1110 NEXT
1200 V(A)=1010=0FOR J=1 TO NFIQ=Q+V{JIINEXT
FOR J=1 TO NF
1210 V(J)=V(J)/RINEXT (GOSUR 2000
1220 IF T<»3 THEN PRINT"  EACH "iT%
1230 IF T=3 THEN FRINT"  DECIDING YES OR DECIDING WNO"
1240 PRINT"MUST NOW BE COMPARED WITH RESFECT TO"
1250 PRINT"EACH IMPORTANCE FACTOR."IPRINT
1260 PRINT"  WE’LL CONSILDER EACH FACTOR"
1270 PRINT*SEPARATELY ANI THEN RaTE"
1280 IF T<»3 THEN PRINT"EACH "3#T4:" IN TERWZ"
1290 IF T=3 THEN
PRINT"DECIDING YES OR DECIDING NO IN TERWG
1300 PRINT"OF THAT FACTOR ONLY,” (FRINT
1310 PRINT" LET’S GIVE "iL%(1)
1320 PRINT"A VALUE OF 10 ON EVERY SCALE." IFRINT
1330 IF T<»3 THEN FRINT"  THEN EVERY OTHER "iT#
1340 IF T=3 THEN PRINT"  THEN DECIDING RO”
1350 PRINT"WILL BE ASSIGNED A VALUE HIGHER OR"
1360 PRINT"LOWER THAN 10. THIS VALUE LEFENDS ON"
1370 PRINT"HOW MUCH YOU THINK IT IS BETTER OR"
1380 PRINT"WORSE THAN "iL${1)
1390 PRINTIFOR J=1 TO NF
1400 PRINT®  ~-——=—-e—emm—eeee !
1410 PRINT"  CONSIDERING ONLY “3F${J 3" AND"
1420 PRINT"ASSIGNING 10 TO "#L$(1)" 3"
1430 PRINT"WHAT VALUE WOULD YOU ASSIGN TO"
1440 PRINTIFOR K=2 7O NI
1450 PRINT L$CK)# $INFUT COK»J)IFRINTS
IF C{RyJ)e=0 THEN 1470
1460 PRINT" --NEGATIVE VALUES NOT LEGAL--"1GOTO 14ud
1470 NEXTIPRINTIC(150)=10 NEXT
1500 FOR J=1 TO NFi@=01FOR K=1 TO NI
1510 G=Q+C(KyJ JINEXTIFOR K=1 TO NI
1520 C{KsJ)=CRsJ )/ QINEXTINERT
1530 FOR K=1 TO NI:D{K)=0IFOR J=1 TO NF
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1540
15590
1360
1570
1600
16190

1620
1630

1700
17190
1720

1730

1740
1750
1800

1810
18290
1830
1840
18590
1860
2000
2010

2100

DCK =D K HCCK »d JRVC T ) ENEXT $NEXT
MX=0$FOR K=1 TO NI
IF DK ):MX THEN HX=D(K)
NEXTIFOR K=1 TO NIIDCK)=DOK DE100/HXINEXT
FOR K=1 TO NI{Z(K)=KiNEXTiNH=NI-1
FOR K=1 TO NIIFOR J=1 TO HMINI=Z(J)IN2=Z0J41)%
IF D M10FDKNZ) THEN 1630
ZCJH1=N1EZ0T)=N2
NEXTENEXTSJ1=Z¢ 1032524 201 0F=00 J1 ~IK J2 33
GOSUE 2000
PRINT L$(J1)j
PRINT® COMES OUT EEST"
IF DIF<S THEN
PRINT"BUT IT/S VERY CLOSE.”:GOTO 1800
IF DF<10 THEN PRINT"BUT IT'§ FAIRLY CLOSE.":
GOTO 1800
IF DF<20 THEN PRINT'RY & FAIR AMOUNT.”:GOTO 1800
PRINT"QUITE DECISIVELY,"
PRINT:FRINT"HERE 15 THE FINAL LIST IN ORDER."!
PRINT
PRINT L$(J1);" HAS HEEN"
PRINT"GIVEN A VALUE OF 100 AND THE OTHERS"
PRINT"RATED ACCORDINGLY."{FRINT
PRINT®  ==mmmmmm oo "LPRINT
FOR J=1 TO NI:G=Z(J)!
EgENT DCR ) TARC 16 ) 5L$C B INEXT
‘ N
FOR J=1 TO 10003NEXT
PRINT CHR$( 147 )5 TARC16)5CHR$( 18 )5 "IECTIE"
CHR${ 17 )5 CHR$( 17 ) L RETURN
FOR J=1 TO 2500 :NEXT {RETURN

REALY »

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 con-
flicts with items on the list), change the definition of E$ in
line 180. For example, to use the word “DONE,” change line
180 to

180 E$="“DONE”

2. Line 2100 contains a timing delay used regularly in the pro-
gram. If things seem to change too fast, you can make the
number 2500 larger. Try

2100 FOR J=1 TO 5000:NEXT:RETURN
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3. The program can currently accept up to nine decision alterna-
tives and/or nine importance factors. If you need more,
increase the dimensioning in line 160. Each dimension value
is one more than the number the program will actually allow.
Thus, to use 14 values, line 160 should be

160 DIM L$(15),F$(15),V(15),C(15,15),D(15),Z(15)

MAIN ROUTINES

160-190
200-350
400-490
500- 730
750-950
1000- 1110
1200- 1470

1500- 1570
1600- 1630
1700 - 1860
2000 - 2010
2100

Initializes and dimensions variables.
Determines category of decision.

Gets or sets T$.

Gets list of possible alternatives from user.
Gets list of importance factors from user.
User rates each importance factor.

User rates the decision alternatives with respect to
each importance factor.

Evaluates the various alternatives.

Sorts alternatives into their relative ranking.
Displays results.

Subroutine to clear screen and display header.
Time wasting subroutine.

MAIN VARIABLES

NI

LS
NF
F§

\Y%

A
C

T

TS

ES$

1K

R$
Q,N1,N2

Number of decision alternatives.

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.

Array of relative values of each alternative with
respect to each importance factor.

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

String name of decision category.

String to signal the end of an input data list.

Loop indices.

User reply string.

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

2. 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 factors are
the most important. Currently, this requires a complete re-
running of the program each time. Modify the program 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.)
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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
payment 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 con-
sidering. Only whole dollar amounts are allowed—no pennies.
Loans of ten million dollars or more are rejected (you can
afford 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
program then displays this information for you and calculates
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the 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
columns 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
interest, and the accumulated interest paid to date. Sixteen 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 sixteen 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

LOAN AMOUNT? 42088
INTEREST RATE? 9.7%

LENGTH OF LOAN (MONTHS)? 360H

The operator enters the three necessary pieces of information about his or
her loan.

42000 FOR 360 MONTHS AT 9.7% PER CENT
MONTHLY PAYMENT I8 360.8S

NEXT ACTION:

% z 8§§Rn 1§E’“%NTQE¢L¥2 YHENT

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 asks for the monthly analysis.
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420808 FOR 368 MONTHS AT 9.75 PER CENT
REMA G INT
MONTH E LAN(‘JE MONTH ER
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The program responds with information about the first sixteen months of
the loan, then waits.

42000 FOR 360 MONTHS AT 9.75 PER CENT
montH TBRCANIE®  TRGNTAVTERTRI

CALCULATING TOTALS...

LAST PAYMENT = 350.11

TOTAL PAYMENTS = 129895.26
MONTHLY PAYMENT WAS 368.85
PRESS ANY 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

100
110
120
130
140
150
155
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
400
410
4490
450
460
470
480
490
500
510
520
530
540
550
540
570

REM!: LOAN CALCULATOR

REM: COPYRIGHT 1978 BY TOM RUGE AND' PHIL FELDMAN
BL§=" "IPRINT CHR$(147)

PRINT TAB(8):"LOAN CALCULATOR®
PRINTIPRINTIFPRINT

INFUT"LOAN AMOUNT"5A

GOSUE 1000:IF A=0 THEN 150
PRINTSINPUT" INTEREST RATE"iR
PRINTSINPUT"LENGTH OF LOAN (MONTHS)"iN
R=ARS(R IIN=INT{N) IM=R/1200 IFRINT

GOSUE 800

W=( 1HOTN

P=( AXMEW )/(W-1)
P=INT(PX100+.9999)i1P=F/100
PRINT"MONTHLY PAYMENT IS"F

FP=F IPRINTIPRINT

FRINT"NEXT ACTIONG"

FRINT

FRINT" 1 - SHOW MONTHLY ANALYSIS®
PRINT" 2 - OVERRIDE MONTHLY PAYMENT®
FRINT" 3 - START OVER”

FRINT" 4 - END"

INFUT C

IF C=4 THEN END

IF C=3 THEN 120

IF C=2 THEN 400

IF C=1 THEN 440

FRINT"CHOICES ARE 1s 2y 3» AND 4°
GOTO 249

PRINTSINPUT"MONTHLY FAYMENT"SP
GOTO 240

GOSUR 45016070 5190

GOSUR 800

FRINT TAB(7)3"REMAINING" iTAB(20)s
PRINT" === INTEREST—=~~~ "
FRINT"MONTH  BALANCE" sTAR(21)i
PRINT"HONTH TO-DATE"
FRINTIRETURN

B=AX100 3 TT=0TP=04L=0 {P=FX100 IR$=""
FOR J=1 TO N

T=MXER

T=INT(T+.3)

IF J=N THEN P=E+T
TP=TF+PiB=R-P+TITT=TT+T

IF R$="T" THEN 660
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580 W=R:IGOSUR 900:B$=5%
590 W=Ti{GOSUR 900:T$=5%
00 W=TTLGOSUR 900:TT%=5%
610 FRINT JsTAR(S)iRE:TS5TTE
620 L=L+11IF L<16 THEN 460
630 FRINTIPRINT"PRESS ‘T’ FOR TOTALS. OR®
640 FRINT"ANY OTHER KEY FOR NEXT SCREEN"
650 GET R$IIF R$="" THEN 650
655 L=01GOSUR 450
IF R$="T" THEN PRINT"CALCULATING TOTALS..,."
660 NEXT J
670 PRINTIFRINT"LAST FAYHENT ="3F/100
490 FRINTIPRINT"TOTAL PAYMENTS ="3TP/100
700 PRINTIPRINT"MONTHLY FAYMENT WAS"iFP
710 PRINTIPRINT"PRESS ANY KEY TO CONTINUE®
720 GET R$:IIF Re="" THEN 720
730 P=FPIGOTO 240
800 PRINT CHR$( 147 )+
810 FRINT AF"FOR"IN7"MONTHS AT"iR3#"FPER CENT"
820 PRINT
830 RETURN
900 W=INT(W)
905 5$=0TR$(W)IIK=LEN( 5% )-115%=MI0$(G%,24K)
910 IF K=1 THEN S%=BL$+".0"+5$IRETURN
920 IF K=2 THEN S4=BL$+"."+54$IRETURN
930 DIb=","+RIGHT$(5%s2)
950 S$=LEFT${ 8%sK-2 )40
960 S$=LEFTS(BL$s10-K)+5$
970 RETURN
1000 A=ARS(AIA=INT(A)
1010 IF A<10000000 THEN RETURN
1020 PRINT"TOO0 LARGE"
1030 A=0 IRETURN

EASY CHANGES

1. The number of lines of data that are displayed on each screen
when getting a monthly analysis can be changed by altering
the constant 16 in statement 620. You might want only
twelve payments shown at a time so you can see a year-by-
year analysis.

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
440-730
800 - 830

900-970

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.

1000 - 1030 Edits 1oan amount (size and whole dollar).

MAIN VARIABLES

< - o~ ]

MRS EQYYERZR >
&

Amount of loan.

Interest rate (percentage).

Length of loan (number of months).
Monthly interest rate (not percentage).
Work variable.

Monthly payment.

First monthly payment.

Choice of next action.

Remaining balance .of loan.

Total interest to date.

Total payments to date.

Number of lines of data on screen.
Reply from operator at keyboard.
Work variable for loops.

Monthly interest.

Remaining balance (string format).
Monthly interest (string format).
Total interest to date (string format).
Work string variable for creating numbers with
decimal point alignment.

Work variable used in building S$.
Work variable used in building S$.
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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 contin-
ual 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
obtained 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 begin-
ning 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 rea-
sonably 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
description 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
terminal. 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 “F’’ 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. Numbers are rounded to the nearest tenth so that four
columns of information can be displayed on one line. When
data fills the screen, the user is prompted to press the RETURN
key to continue the listing. When all data is displayed, pressing
the RETURN key will re-enter command mode.

5) TERMINATE PROGRAM

Ends execution and returns the computer to BASIC.

SAMPLE RUN
UN
MILEAGE
COMMANDS
1 - READ OLD MASTER FILE FROM CASSETTE
2 - INPUT DATA FROM TERMINAL
3 - WRITE NEW MASTER FILE TO CASSETTE
4L - DISPLAY MILEAGE DATA
5 - TERMINATE PROGRAM
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ENTER COMMAND BY NUMBER? 2
ENTER THE FOLLOWING DATA AS REQUESTED
- DATE (E.G. 1/38/78)
- ODOMETER READING (MILES)
- # GALLONS BOUGHT
DATE? 9/28/77
ODOMETER? 51¢51.1
# GALLONS? 14.6
INPUT DATE: 9/28/77
CHECK ODOMETER: 51f51.1
GALLONS: 14.6
- IS INPUT OK ? -
(Y=YES, N=NO, F=YES AND FINISHED)? Y

DATE?
(10 more entries are input)

(Y=YES, N=NO, F=YES AND FINISHED)? E
(the five commands are listed again)

ENTER COMMAND BY NUMBER 4

DATE ODOMETER GALLONS MPG
9/28/77 51851.1 14.6 g
14/6/77 51299.7 13.8 18
16/17/77 51553.8 13.1 19.4
16/29/77 51798 13.7 17.8
11/5/77 52841.9 13.3 18.3
11/15/77 52304 .9 14 18.8
11/26/77 5257¢.8 13.7 19.4
12/1/77 52842.5 14.6 18.6
12/9/77 53848 .4 11.8 17 .4
12/15/77 53359.7 14.7 21.2
12723777 53601.2 13.3 18.2
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HIT RETURN KEY FOR COMMAND MODE

(return key is pressed)

(the five commands are listed again)
ENTER COMMAND BY NUMBER? 3

1) POSITIGON CASSETTE TAPE FOR WRITING.
2) PRESS THE CASSETTE STOP KEY.
3) PRESS THE RETURN KEY WHEN READY.

(above is duly done)
NAME FOR FILE? VOLVO77

PRESS PLAY & RECORD ON TAPE #1

(cassette play and record are pressed)
oK

(a subsequent run)
ENTER COMMAND BY NUMBER? 1

1) POSITION CASSETTE TAPE FOR READING.
2) PRESS THE CASSETTE STOP KEY.
3) PRESS THE RETURN KEY WHEN READY.

(above is duly done)

PRESS PLAY ON TAPE #1
oK
READING FILE: VOLVO77

11 DATA RECORDS READ
PROGRAM LISTING

100 REM A& MILEAGE CALCULATOR
110 REM COPYRIGHT 1978 BY FHIL FELDMAN AND TOM HUGE
120 HU=60IMR=73IN=0
130 DIM D$CHR DI MR GLHR )y MOHRE)
150 PRINT CHR$(147)IFRINT TABC18)5CHR$C 18 HILEAGE"
FRINTIPRINT " COMMARDSY
160 PRINT" 1 - READ OLD MASTER FILE FROM CASSETTE"
170 PRINT™ 2 - INPUT DATA FROM TERMINAL®
180 PRINT® 3 - WRITE NEW MASBTER FILE TO CASSETTE"
199 PRINT" DISPLAY MILEAGE DaTa":
FRINT® O - TERMINATE FROGRAM"IFRINT



MILEAGE 45

200

210
250

255
260
270

300
310
320
325
330
3490
350
355

360
370

380

400
4190

420

430
440
450
460
470

520
330

350
060
579
600

INFUT" ENTER COMMAND BY MUMEBER"R:

IF ki OF Rx5 THEM 150

ON R GOSUR 250:30055005600,800:607T0 150
Re$="READING" tGOSUR 830 10FEN Sy1s00

IRFUTES THIFRINT READING FILES "s73%

INFUT#S NIIF N=MR THEN

FRINT k¥ TOO HaRY FILES ON ToPE" TEND

FOR J=1 TO NUINPUTH#S,D$(J )y DJ s G

IF &4 @b 57 THEN 9460

NEXTIPRINTIFRINT N3" DATA RECORDS READYL

CLOSE S3iG0BUR 920 IRETURN

IF N=HR THEN 470

PRINTIPRINT"ENTER THE FOLLOWING DATA A5 REGUESTED®
FRINT" - DATE (E.G. 1/30/78)

FRINT" - OQUDOMETER REALING (HWMILES)"

FRINT® - 4 GaLLONS BOUGHT®

NN+ P PRINTHINPUTYDATE sHEIRS=LEFTH RS 8 i DHI N I=R$
INFUT"ODOMETER" sRUIF R0 OR R:=997999 THEN 350
GOSUR 940 (IKN =R

INFUT"$ GALLONS"#RIIF R<0 OR R>999% THEN 340

GOSUR 240iGINI=RIFRINT:

PRINT TARS )" INFUT DATES "sD$in)

FRINT TaB{3):;"CHECK ODOMETER " s I M 3¢

FRINT TAB 137 "GALLONDI " sGIN ]

PRINTIFRINT SPCOL0s™ - IS5 INPUT OK 7 " PPRINT
INFUT" (Y=YESy N=nN0, F=YES aNMO FINIGHED)"
Fpsbd=LEFTH(R$s 1)

IF RE="N" THEN N=N-1iFRINT:

FRINT® REDD LAST DATA" IGOTO 349

IF R$="F" THEN RETURN

IF R$<3"Y" THEN 400

IF N=MR THEN 479

GOTO 340

PRINTEPRINT %% NO HORE DATA aLLOMED™:

BOSUR 920 iRETURN

IF Mol THEN PRINTIPRINT"®&% NO DATA TO WRITE"S
GOSUR 920 RETURN
Re="WRITING" {GOSUR 830 IFR
THEUT"MAME FOR FILE"iT$iR=NIIF NxMW THEN K=id
OFEN Sels1iFRINTHSTHIFR FE R IK=11L=N

IF NoMW THEN F=N-HWELEFRINT® - ONLY LAST":

MW VALUES WILL BE WRITTER®

FOR J=K TO LIPRINTEG DS J ) EPRINTEI I )0
FRIHTHEE GO0

POKE 59411,331Z=T1

IF TI-Z<5 THEN 360

FOKE 59411281 NEXTICLOSE SIRETURN

IE N<=1 THEM PRINTIPRINT"®dk NOT ENOUGH DATA":
GUOBUR 920 IRETURN

InT



46 BASIC Programs for the PET

610 M(1)=03FO0R J=2 TO N!
IF 6(J)=0 OF G(J-1)=0 THEN M({Ji=01G0T0 &40

620 R=(DCI)-DOJ=-1))/GL)EIF RO OR R=9999 THEN R=(

430 GOSUE 740:iM(J)=R

640 NEXTiR=-171iL=)

650 K=K+18iL=L+18IIF L3N THEN L=N

660 PRINT CHR$(1i47 )5
" DATE ODOMETER  GALLUNS HrG"

670 B=21U=41COSUR 730 (B=4U=8;GOSUK 7503R=3}
W=7 JBOGUR 750 iR=61U=3 I GUBUE 750

680 PRINT""IFOR J=K TO LIFRINT D$(J)iiR=D{J)iR=16}
GOSBUR 7740

690 R=G(.J)iB=351600UR 770 1R=M(J )1 R=341CUBUR 7703
FRINT® Y IREXTIFRINT

700 IF L=N THEN PRINT"HIT RETURN KEY FOR
COoMraMD HODE" (GOSUE 780 IRETURN

710 PRINTYHIT RETURN KEY TO CONTINUE® iGUSUE 9601
GOTO adv

750 PRINT SPCORIFIFOR J=1 TO UIFRINT CHR$( 197958
NEXT ¢ RETURN

770 Q=LENCSTRSCINT(RDIIIIIF R0 AND R<1 THEN (=1

780 PRINT TAB(R-Q)sRs IRETURN

800 ENI

850 PRINTIFRINT"1) POSITION CASSETTE TAFE FOR "sR$s."

860 PRINT"2) PRESS THE CASSETTE STOF KEY."
870 PRINT"3) PRESS THE RETURN KEY WHEN KEADY.":
GOSUR 760 (RETURN

900 PRINTSFRINT"X&k FATAL ERROR IN CASSETTE REAL® {5TOF

920 FOR G=1 TO 3000 INEXT RETURN
940 R=RX10+,3IR=INT(R)/10IRETURN
960 GET R$LIF Ré="" THEN 960

970 RETURN

EASY CHANGES

1. Changing the value of MR in line 120 alters the maximum
number of data records that the program allows. You may
need to make MR smaller if you are running out of memory,
or larger to accommodate additional data. MR can only be
about 15 with a 4K PET. For typical data (such as in the
sample run), an 8K PET will allow about 150 data records.
To adjust MR, simply change its value in line 120 froin its
current value of 75 to whatever you choose.

2. Currently, the program will write a maximum of sixty data
records during the cassette write operation. This number can
be altered by changing the value of MW in line 120 from its
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value of sixty to whatever you choose. Only the most recent
MW records will be written to tape if MW is less than the
number of available records when a cassette write is
issued. 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.

3. If youdonot care about seeing the dates, they can be removed
easily. This saves a little typing on data entry and also allows
more data records in a given amount of memory. To remove
this feature, delete line 320 entirely and change line 340 to

read

340 N=N+1:PRINT:D$(N)=*-- - - - »

MAIN ROUTINES

120-130 Dimensioning and variable initialization.

150-210 Command mode. Displays available subroutines
and branches to the operator’s choice.

250-270 Reads data from the cassette unit.

300-470 Accepts terminal input.

500- 570 Writes data to the cassette unit.

600 - 780 Calculates mileage and displays all information.

800 Terminates execution.

850-900 Displays messages for cassette operation.

920 Delay loop.

940 Rounds numbers to nearest tenth.

960-970 Tests for operator response.

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, also pre-rounded numbers
sent to the rounding routine.

RS Temporary string variable, holds operator’s input.

TS Data file name used in reading or writing with cas-

sette.
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Work variable, loop index.

Loop bounds.

Number of blanks used in display formatting.
Number of underlines used in display formatting.
String length used in display formatting.

Cassette delay time during writing.

I

NOoCwR =

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. Program-
ming should be done between lines 690 and 700.

. 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 between lines 500 and
510 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.



STOPWATCH

PURPOSE

If you are only using your PET for making calculations or
other ‘“normal” computer work, you are missing out on some-
thing. The PET has a very accurate internal timer, which can be
very useful. This program uses it in a very obvious 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 causes
the stopwatch program to show you the time since the S key
was pressed. Pressing the F key a second time causes the pro-
gram 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.

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.
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When the second lap is completed, press the F key again. The
program will show the time since the start and the time of the
second lap. Press the F key 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 begins) or press the STOP key to stop the program.

The internal timer of the PET is accurate to one sixtieth
(1/60) 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 compu-
tation time required to display each timing, wait at least .4
seconds between consecutive F suppressions.

SAMPLE RUN

STOPHATCH

£ = FIRRLLO%REEEMRTor FinaL>

’S’TER TED

2 _F
SINCE START = 1 MINUTES, 19.36 SECONDS
F

$1NGE 1877 2 IVIES sceBRpBECONDS

First the operator presses ‘‘S” to start the stopwatch. Then, after about
one minute and 19 seconds, he or she presses “F’’. After another 41.66
seconds, “F’’ is pressed again.
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PROGRAM LISTING

109
116
120
130
140
156
180
170
180
190
200
210
300
310
400
410
$20
430
440
450
00
a0
520
530
540

FEM: STOPWATCH

REM: COFYRIGHT 1978 RY TOM RUGG AND PHIL FELDMAN
FRINT CHR$(147)

FRINT TAB{12);"STOPWATCH" IPRINTIFRINT
FRINT" 5 = START OR RESTART"

FRINT® F = FINISH (INTERIM OR FINAL)"
PRINTIFRINT"T "5

GET R$:IF R$="" THEN 170

W=TItPRINT R%

IF R$="8" THEN 3090

IF R$="F" THEN 400

GOTO 170

L=W:S=W!FRINT"STARTED"

GOTO 160

J=W-51 GOSUR 500

PRINT"SINCE START ="iR$

IF S=L THEN L=WiGOTO 160

J=W~L tGOSUE 500

FRINT"SINCE LAST “F’ ="iR$

L=Wi{GOTO 160

J=J /604 =INTC 100K ) 8J=0/100 IR$=""

IF J-60 THEN 530

R$=F$+5TR$(J)+" SECONDS" IRETURN
K=INT{ J/60) 8 J=J-( KX60 )L J=INT( 100%J )3J=0/100
RE=GTR$(K)+" MINUTES,":1GOTO 520

EASY CHANGES

1.

To allow any key to act like an F (except S), change line 200
to read

200 GOTO 400

. 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 Displays the title and two options.

160-170 Displays question mark and waits for a key to be
pressed.

180-210 Saves time of key suppression. Checks which key
was pressed.

300-310 Saves starting time and displays STARTED.

400-450 Displays total and lap times.

500- 540 Subroutine to convert ““jiffies’” in J into minutes
and seconds in RS$.

MAIN VARIABLES

RS 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.

N g

SUGGESTED PROJECTS

1. Instead of displaying only the last lap time, display the last
two or three lap times. Or, display all 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 PET was turned on). Add 24 hours worth of jiffies
to Wif W is less than S.



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 g0 at your own
pace, handles rote drill effortlessly, and is devoid of any person-
ality conflicts.

With a good software library, the PET can be a valuable learning
center in the school or at home. Here are six 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,
ARITHMETIC is aimed at older, grade school students. It pro-
vides drill in various kinds of math problems. The child can
adjust the difficulty factors, allowing the program to be useful
for several years.

By nomeansis the PET restricted to mathematical disciplines.
We include two programs designed to improve your word skills.
VOCAB will help you expand your vocabulary., TACHIST turns
the PET into a reading clinic, helping you to improve your
reading speed,

Do you have trouble familiarizing yourself with the increas-
ingly prevalent metric system? METRIC is the answer.

Need help learning a certain subject? FLASHCARD allows
you to create your own “computer flashcards.” Then you can
drill yourself until you get it right.
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ARITHMETIC

PURPOSE

ARITHMETIC provides mathematics drills for grade school
children. The student can request problems in addition, sub-
traction, or multiplication from the program. Also, he or she
may ask that the problems be easy, medium, or hard. The pro-
gram 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 diffi-
culty and types of problems encompass those normally en-
countered by school children between the ages of six and ten.

The problems are constructed randomly within the con-
straints imposed by the degree of difficulty selected. This gives
the student 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

To begin, the student must indicate what type of problem he
wishes to do. The program requests an input of 1, 2, or 3 to
indicate 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 five problems of the desired
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 O - 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 five prob-
lems on the screen after the student has entered his five 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 five problems
of the same type will be presented.

This continues until twenty problems have been worked.
Before ending, the program shows what the student’s perform-
ance 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

biHe T b (1

The operator chooses to do hard addition problems.

The initial set of 5 problems is presented. With a question mark, the pro-
gram prompts the operator for the answer to the first problem.
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AHSWMERS
1z
RIGHT

o CTONTINUE

The operator has entered his or her five 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 five problems.

PROGRAM LISTING

100
110
150
160
170
180
200

210
220
230
240
250
260
270

280
290
300

REM ARITHMETIC

REM COFYRIGHT 1978 BRY PHIL FELDMAN AND TOM RUGE
§=327 6484 NII=0 I R=RNIK -T1)

HIM A(S)BUS)C(S)6(3)

NP=20

GOSUR 910

FRINTSFRINT:

PRINT"WHAT TYPE OF PROBLENM SHALL WE DO?Y IPRINT
FRINT TAR(S)i"1 - ADDITION®

FRINT TAR(5);"2 - SUBTRACTION®

FRINT TARB(5);"3 - MULTIPLICATION"
PRINTSPRINT"WHICH TYFE (15 2y OR 3) 7%

CET R$:T=VAL{R$){IF T<1 OR T>3 THEN 250

PRINT CHR$(157):"-"3T

PRINTIFOR J=1 TO 39¢PRINT"=";INEXTIFRINTIFRINT?
PRINT*WHAT KIND SHALL WE DO*

PRINT(PRINT TAR(S)3"1 - EASY PROELEMS®

PRINT TAR(S);"2 - MEDIUM PROBLEMS®

PRINT TAB(S)$"3 - HARD PROBLEMS”
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310
320
330
330
3690
370

380
390

400
410
420
430
430
600
610
620
630
640
630

660
670
680
690
700
716
720
730
800
810
820

8%

830
840
850

8460
- 870
700
910

920
930
940

FRINTIFRINT "WHAT KINDII (1, 25 QR 3) 7"}
GET R$:D=VAL(R$)IIF D<1 OR D>3 THEN 320
FRINT CHR$(157)i"-"sDI

ON It GOTO 3805370,390

GOSUR 7401GOSUR 920 :GOSUR 930:60T0 400
GOSUE 9401GOSUR 930:IF T=3 THEN GOSUR 940
GOSUR 920:GOTO 400

IF T<>3 THEN GOSUR 950:!GOSUR 920:GC0OTO 400
GOSUE 95016G0SUE 920:GOSUR 9301

IF T=3 THEN GOSUE 940:GOSUR 930

IF T<>2 THEN 450

FOR J=1 TO 3

IF BCJXCCI) THEN R=COJ)ICCI)=B(J MR(J)=R
NEXT

GOSUR 1000:GOSUR 919

Y=121FOR J=1 TO 3iX=-4+JXBIGOSUR 1100 INEXT
FOR K=1 T0 3iX=-44K¥81GOSUR 800 :G(K)=NINEXT
=17 1Y=161GOSUR 1200 !PRINT"ANSWERS*
Y=181FOR J=1 TO SiX=—~4+JA8!COSUR 1400 INEXT
Y=20:1FOR J=1 TO 5iX=-7+J¥8!GCOSUR 1200

IF ACJ)<G(J) THEN PRINT CHR$(18):"WRONG!"?
GOTO 670

PRINT RIGHT!" INR=NR+1

NEXTIFOR K=1 TO ?1GET R$INEXT
PRINTIFRINTIFRINT"HIT ANY KEY TO CONTINUE®
GET R$!IF R$="" THEN 690

FOR J=1 TO 10IGET R$INEXT

NO=NI4GIIF NINF THEN GOSUB 910:G0TO 350
EOSUR 1500

END

N=0{M=11FOR J=1 TO 10{GET R$INEXT
P=631GO5UR 900

GET R$IIF R$="" THEN 820

A=ABCIRS)IIF A=13 AND M=1 THEN P=48!

GOSUR 900 :RETURN

IF A=13 THEN P=32!GOSUR 900 {RETURN
V=UAL(R$)IIF V=0 AND A<>48 THEN 820
F=48+VICOSUR 00 IN=N+-MXVIN=MX10

IF M>1000 THEN RETURN

X=X-11G0T0 810

FOKE S+X+40XYsFIRETURN

FRINT CHR$(147 );CHR${ 13)§ TAR( 10 )5 CHR$(
18;*"ARITHMET I C*IRETURN

FOR K=1 TO SICCK)=INTCRNDCLRCH-L+1) )48
NEXT!RETURN

FOR K=1 TO SiB(K)=INTCRNDCIIX(H-L+1))4L¢
NEXTIRETURN

H=2:L=0 IRETURN

59



60 BASIC Programs for the PET

950 H=99iL=0IRETURN

260 H=25:L=11RETURN

1000 ON T GOTO 101051020,1030

1010 FOR J=1 T0 SiACJ)=RCIMCCIIINEXT IRETURN

1020 FOR J=1 TO S1ACJ)=C{J)-BOJIINEXTIRETURN

1030 FOR J=1 T0 SiACJ)=COJIXBCJI)INEXTIRETURN

1100 GOSUR 1200:CU=5ICL=21COSUR 1300

1110 IF C(J)<10 THEN FPRINT CHR$C32)i

1120 PRINT C{J):GOSUR 12003CU=31CL=31GOSUR 1300
IF T=1 THEN PRINT CHR$(43);

1130 IF T=2 THEN PRINT CHR${43)3

1140 IF T=3 THEN PRINT CHR${214);

1150 IF B(J)<10 THEN PRINT CHR$(32)j

1140 PRINT BCJ)YIGOSUR 12003CU=2:1CL=31CGOSUR 1300%
FOR K=1 TO 4:FRINT CHR$(144);

1170 NEXTIRETURN

1200 PRINT CHR${19)5iFOR K=1 T0 XIPRINT CHR$(29)35!
NEXTIFOR K=1 TO Y

1210 PRINT CHR${17)3 INEXTIRETURN

1300 FOR K=1 TO CUIPRINT CHR$(1435)5 INEXT

1310 FOR K=1 TO CLIPRINT CHR$(157)5 INEXTIRETURN

1400 GOBUR 1200:CL=11IF ACJ)>9 THEN CL=2

1410 IF A(J)>99 THEN CL=3

1420 IF A(J):999 THEN CL=4

1430 FOR K=1 TO CLIFRINT CHR$(1G7)5INEXT

1440 PRINT A(J)IRETURN

1500 GOSUE P10IPRINTIPRINT

1510 FRINT®YQU GOT"iNRs" RIGHT

1520 PRINT"OUT OF"sNP3" PROBLEMS

1530 P=NR/NF¥100:

1540 PRINTIFRINT"THAT/S"sP#" PERCENT CORRECT" IRETURN

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=10

will cause the program to do only ten problems per session.
The value of NP should be kept a positive multiple of five.

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=99:1=1:RETURN
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MAIN ROUTINES

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

800- 870
900

910
920-930
940 - 960
1000-1030
1100-1170
1200- 1210
1300- 1310

1400 - 1440
1500- 1540

Initializes constants, displays header.

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

Subroutine to move cursor to screen position X,Y.
Subroutine to move cursor CU 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

= o
o

=
15

T < m

M

=

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).

Highest, lowest integers to allow as problem oper-
ands.

Answer column being worked on.

Operator’s input character.

Value of RS.

Ascii value of RS$.

Horizontal, vertical screen position of cursor.

61
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S Starting address of CRT memory area.
R Work variable.

JK Loop indices.

P Poke character, also percentage correct.

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

SUGGESTED PROJECTS

1.

2.

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

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

_The answers are now restricted to three-digit numbers. How-

ever, the program will work fine for four-digft numbers if the
operands of the problems were 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.

. The operator cannot currently correct any mistakes he makes

while typing in his answers. Modify the program to allow him
to do so.

. 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
example. 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 six options. The first time you run
it, you’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
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commas or colons unless the entire expression is enclosed in
quotes. Also, be careful not to enter such a long stream of data
that it goes to the next line on the screen. This can cause
erroneous results.

At any time, you can enter the keyword “*BACK” to correct
an erroneous entry. This causes the program to back up and ask
you for the previous entry 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 four 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
explain them briefly. A little experimentation will show you
how they work.

Command number 5 lets you verify that the set of flashcards
just saved on tape are okay. You do not have to enter the name
of the file—the same name is used that was used to save the file.
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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).

Command number 6 ends the program.

SAMPLE RUN
XRXX F| ASHCARD PROGRAM Xx3x
~-—-OPTIONS---

1 -— ENTER NEW FLASHCARDS

2 -- LOAD A FLASHCARD TAPE

3 -— SAVE CURRENT SET ON TAPE
4 -- DRILL ON CURRENT SET

5 —-- VERIFY FLASHCARDS ON TAPE
6 -- END PROGRAM
? 1

SIDE ONE OF CARD NO. 1
? THE PEN

SIDE TWO

? LA PLUMA

SIDE ONE OF CARD NO. 2
? THE DOOR

SIDE TWO

? LA PUERTA

SIDE ONE OF CARD NO. 3
? THE SCHOOL

SIDE TWO

? LA ESCUELA

SIDE ONE OF CARD NO. &4
? THE FLOOR

SIDE TWO

? EL SUELO
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SIDE ONE OF CARD NO. 5
? THE STORE

SIDE TWO

? LA TIENDRA

SIDE ONE OF CARD NO. 6
? ®END

~—-OPTIONS--~-

-- ENTER NEW FLASHCARDS

-- LOAD A FLASHCARD TAPE

-- SAVE CURRENT SET ON TAPE
DRILL ON CURRENT SET

-- VERIFY FLASHCARDS ON TAPE
-- END PROGRAM

AVt FWN -
|
]

?

|

TELL ME WHAT'S ON THE
OTHER SIDE OF EACH CARD AS I SHOW IT.

THE DOOR
? LA PUERTA

RIGHT!

LA PLUMA
? THE PEN

RIGHT!

THE FLOOR
? LA ESCUELA

NO, THE CORRECT RESPONSE IS
EL SUELO

THE SCHOOL
? LA ESCUELA

RIGHT!

LA TIENDRA
? ®END
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3 RIGHT OUT OF &4

75 PER CENT

PROGRAM LISTING

190
110
130
140
150
160
170
180
190
200
210
220
222
225
230
240
250
260
270
280
2990
300
310
320
330
340
350
360
370
390
400
410
420
430
440
430
460
470
480
4590
W00

REM! FLASHCARD

REM: COPYRIGHT 1978 RY TOM RUGEC AND PHIL FELDMAN
L=25IM=5

DIM FHCL)sBS(L)sPOM-1)

R=RNIK -TI)

PRINT CHR$(147)

FRINT"X¥Xk¥ FLASHCARD PROGRAM Xkxg*

GOTO 2000

K=11W=0 {C=0FRINT

FRINT"SIDE ONE OF CARD' NO."JKIINPUT F$(K)
IF LEFTS(F$(K)s4)="XEND" THEN 280

IF LEFT$(F$(K)s3)<>"XRACK" THEN 230
K=R-11IF K<1 THEN K=1

FRINT(PRINT"RBACKING UP":GOTO 200

FRINT"SIDE TWO" IINPUT B$(K)

IF LEFT$CR$(K)s3)="¥BACK" THEN 225

PRINT

K=RK+11IF Re=L THEN 200

FRINT"THAT’S ALL THERE’S ROOM FOR."
FRINTIPRINTIK=K-1:GOTO 2000

IF Kx=M THEN 319

FRINT"THAT’S ONLY"§K3"CARDS. MIN, IS"iMIGOTQ 2000
PRINTIFRINT"TELL ME WHAT‘S ON THE®
PRINT"OTHER SIDE OF EACH CARD' AS I SHOW IT,®
FRINT

R=INTCKXRNIC T ) )41

FOR J=0 TO #-2

IF FCJ)=R THEN 340

NEXT

JERMDCL)IIF J3.5 THEN 420

FRINT F$(R)IC$=B$(R)

GOTO 430

FRINT B$(R)IIC$=F$(R)

INFUT k%

IF LEFT${R$s4)="XEND" THEN 400
FRINT

IF R$=C$ THEN 500

FRINT"NOy THE CORRECT RESPONSE IS"
FRINT C%

W=W+1:60TO 520

PRINT"RIGHT!"
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519
520
G309
540
550
560
o600
410
700
710
720
730
740
7549
774
780
790
800
810
200
7190
g20
730
940
750
940
945
979
980
990
1000
1010
1029
1030
11590
1179
1180
11990
1209
1219
12240
12390
1240
12590
12790
1280
1299
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C=C+1

FOR J=1 TO #-2
FOJ-1)=P(J Y INEXT
F(i4-2 =R
PRINT

GOTO 340

GOSUR 1509
GOTO 20090

IF K<t THEN 1800

FRINTtFRINT"FUT CASSETTE INTO POSITION,"IPRINT
INFUT"NAME FOR FILE"sR$

OPEN 7s1s1sR%

FOR J=1 TOK
FRINTS7 «F$(J)IPRINT#7sB$( J)

NEXT
CLOSE 7

PRIMNTSPRINT"IONE"

Np=R$

GOTO 2000
PRINTIFRINT"REFOSITION TAPE AHEAD OF FILE®
FRINT"THEN FRESS ANY KEY."
GET K4$:IF R$="" THEN 920
OPEN 7r1¢0sN%$

E=0{FOR J=1 TO K

INFUT#7 fR$LIF 64 AND ST THEN 1030
INPUTH7 5 TS
FRINT R$IFRINT T4

IF &4 ANI' ST THEN 10090

IF R$<5F$CJ) OR Te$<>R$(J) THEN E=1
NEXT

CLOSE 7

PRINTIPRINT" IONE”

IF E=0 THEN PRINT"0.K.":G0OTQ 2000
FRINT"NG GOOD"{1GOTO 2000
INFUT"NAME OF TAPE FILE"#NS$
PRINTIPRINT"PUT TAPE INTO POSITION®
FRINT"THEN PRESS ANY KEY.®

GET R$:IF R$="" THEN 1190

OFEN 7:1+0sN$

K=11W=01C=0

INFUT#7 sR$

IF &4 AND ST THEN 1290

INFUT#7 s T$

FRINT R$IPRINT T4

F$¢ K =REIB$(K)=TS

K=K+1$IF K<L THEN 1220
K=RK~1tPRINTSPRINT"LOARED" § K5 "CARDIS"
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1300 CLOSE 7

1310 PRINTIGOTO 2000

1300 PRINT

1505 IF CHW=0 THEN RETURN

1510 PRINT C3#"RIGHT OUT OF";iCHW

1520 PRINTIPRINT CX100/(C+W)5"PER CENT*"
1530 PRINT

1340 RETURN

18090 FRINTIPRINT"NO CARDS YET*

1810 GOTO 2000

2000 PRINTIPRINT"---0OPTIONS-~-*$PRINT
2010 PRINT" ENTER NEW FLASHCARDS"
2020 PRINT" 2 -- LOADI' A FLASHCARD TAPE®
2039 PRINT" SAVE CURRENT SET ON TAPE*
2040 PRINT" DRILL ON CURRENT SET®
2050 PRINT" VERIFY FLASHCARDS ON TAPE"
2060 PRINT" 6 -~ END PROGRAM"

2070 PRINTIINFUT R$

2080 IF R$="1" THEN 190

2090 IF R$="2" THEN 1150

2100 IF R$="3" THEN 700

2110 IF R$="4" THEN 290

2120 IF R$="5" THEN 200

2130 IF R$="6" THEN ENID

2140 PRINT"ILLEGAL":GOTO 2000

i

b Ol b

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. The current upper limit of twenty-five will fit in a
PET with 4K of memory if each side of each flashcard aver-
ages no more than about twelve to fifteen charactersin length.
In an 8K PET, you can make L as large as about two hundred
for flashcards this size. Do not make M much larger than
about ten or so, or you will slow down the program and use
more memory 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 flash-
cards (and ask you to respond with side two), insert this line:
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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
verified, remove line 965. To do the same for a tape being
loaded, remove line 1250.

MAIN ROUTINES

130- 180 Initializes variables. Creates arrays. Displays title
and options.

190 - 280 Accepts flashcards entered by operator.

290-610 Drills operator on flashcards in memory.

700 - 810 Saves flashcards on cassette file.

900- 1030 Verifies that flashcards on cassette 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 iries to save
flashcards on cassette before any are entered.

2000- 2140 Displays options and analyzes response. Branches
to appropriate routine.

MAIN VARIABLES

L Upper limit of number of flashcards that can be
entered.

Minimum number of flashcards that can be en-
tered.

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.

@ =R=®" =

WO

ol
“
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R$ Response from operator. Also temporary string
variable.

N$ Name of cassette file,

E Error flag—set to 1 if error occurs on cassette.

TS Temporary string variable.

SUGGESTED PROJECTS

1. Provide the capability to extend a set of flashcards. Create a
new command that permits the operator to enter additional
cards to be added to the end of the flashcards that are cur-
rently in memory.

2. 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).



72

BASIC Programs for the PET



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
program 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”
quantity 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 first thing the program does is ask you 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,”
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“heavier,” etc.) indicates what type of quantities are being com-
pared.

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 question will be shown converted to its exact equivalent in
the corresponding units. Also, the rule governing the situation
will be displayed. 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
HOW MANY QUESTIONS SHALL WE DO? 3
QUESTION 1 OF 3

IS 48 MILES LONGER THAN
92 KILOMETERS ? ('"N" key pressed)

YOU SAY 'NO'
AND YOU'RE RIGHT - VERY GOOD!

#¥%% HIT ANY KEY TO CONTINUE ##%
QUESTION 2 OF 3

IS 73 DEGREES FAHRENHEIT HOTTER THAN
22 DEGREES CENTIGRADE ? ("Y" key pressed)

YOU SAY 'YES'
AND YOU'RE RIGHT - VERY GOOD!

®%X HIT ANY KEY TO CONTINUE #&¥
QUESTION 3 OF 3

1S 79 KILOGRAMS HEAVIER THAN
152 POUNDS ? ("N'" key pressed)

YOU SAY 'NO' BUT YOU'RE WRONG
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79 KILOGRAMS EQUALS
174.166897 POUNDS

-——- THE RULE IS ----

1 KILOGRAM EQUALS
2.2¢463 POUNDS

®X® HIT ANY KEY TO CONTINUE ##¥
YOU GOT 2 RIGHT OUT OF 3 QUESTIONS
PERCENTAGE CORRECT = 66.6666667

PROGRAM LISTING

100 REM METRIC

110 REM COFYRIGHT 1978 RY FHIL FELDMAN AND TOM RUGE

150 DIM ES$( 30 1rMS$( 30 )y RE( 30 )y L 30 )yEPSC 30 )1 MPS( 30 )

160 Q=RNI{ -TI)iB$=" "

200 GOSUR 400:GOSUE 450

240 INFUT"HOW MANY QUESTIONS SHALL WE DO"iNG:
NR=INTONG)IF NQ<1 THEN 210

220 FOR J=1 TO NQIGOSUR 600 :GOSUR 900 INEXT

230 GOSUR 450PRINT"YOU GOT" sNR3“"RIGHT OUT OF";
NG;"QUESTIONS" tPRINT

240 P=100¥NR/NQIPRINT"PERCENTAGE CORRECT ="iF

250 END

400 RESTOREIND=0

410 NDI=NDHLIREAD ES$OND)sNSSOND )y RSCND ) s COND )y EPSC
NIy MPS(ND)

420 IF ES$(NDN<H"XXX" THEN 410

430 NI=ND-1IRETURN

450 PRINT CHR$(147)5TABC11)3"A METRIC QUIZ“IPRINT?
FRINT tRETURN

600 N=INTONIERNDK 1)1

610 F=0!IF RNIM1)>0.5 THEN F=1

420 VI=INTCRNIM 1 )79 )42:V3=V1XCIN )
IF F=1 THEN V3=V1/C(N)

630 IF N=1 THEN V3=(V1-32)/1.8}
IF F=1 THEN V3=(V1%1.8)+32

440 V2=VIHC 0 SHRNIK 1)) 3V2=INT(V240.5)1T=02
IF Y2<V3 THEN T=1

450 GOSUR 450 1PRINT QUESTION"§JS"0F" iNQIPRINT

460 IF F=0 THEN PRINT"IS"FVIFEPS(N)sEEIRECNII" THAN"S
PRINT B$:B$FV2iHPS(N);" 7V

470 IF F=1 THEN FRINT"IS"FVLIsNPS(N)IFRSIRS(N)IF" THAN"?
FRINT B$3H$FV2FEPS(N)I® ?*



700
910
920
1000

10190
19029

1030
1049
1050
1060
1079
1080
10990
1100
1119
1124
1130
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GET G%:!IF Q%="" THEN 480
IF @4%="Y" THEN PRINT{FRINT"YOU SAY “YEG'"iiR=12
GoTo 730

v IF Q$="N" THEN FRINTIFRINT"YOU SAY 'NO’"35iR=0%

GOTO 730

PRINTIPRINT"YOU HAVE NO IDEA"IR=2
¥=T-R:{IF k=2 THEN GOSUE 800:GOTO 740
IF X=0 THEN PRINTIFRINT"  ANDI YOU'RE
RIGHT - VERY GOOD!"INR=NR+11GOTO 760
FRINT® EUT YOU‘RE WRONG" (GOSUR 800

RETURN
PRINT $PRINT" ~mmmmmm e " SPRINT
IF F=0 THEN FRINT VIEP$(N)i" EQUALS":

FRINT V3iMP$(N)

IF F=1 THEN FRINT V1iMPS(N)i" EQUALS":
PRINT V33EPS(N)

FRINT¢PRINT"~~-- THE RULE IS ----"IPRINT
IF N=1 AND F=0 THEN
FRINT" DEG.C = (DEG.F - 32)/1.8" {RETURN
IF M=1 AND F=1 THEN

FRINT® DEG.F = (DEG.C % 1.8) + 32" IRETURN
IF F=0 THEN FRINT" 1 "JES$(N):" EQUALS™]
FRINT CON)IMPS(N)IRETURN
G=INTC(L1.ES/CIN) )/ 1EDS
FRINT™ 1 "sMS$(N)#" EQUALS"IFRINT QFEP$(N)IRETURN
PRINTIPRINTIFPRINT"S%¥ HIT ANY KEY TO CONTINUE Xxx*
GET Q$:IF Q$="" THEN 910
RETURN

IATA DEGREE FAHRENHEIT,DNEGREE CENTIGRADE,
HOTTERs0 .5

IATA DEGREES FAHRENHEIT,DEGREES CENTIGRALE
IATA MILE FER HOUR,KILOMETER FER HOUR,
FASTER»1.80935

IATA MILES PER HOUR,KILOMETERS PER HOUR
DATA FOOT+METERsLONGERy0,3048

DATA FEETSMETERS

PATA MILE,KILOMETERsLONGER»1,60935

DATA MILES,KILOMETERS

IATA INCHsCENTIMETER,LONGER,2.54

BATA INCHES,CENTIMETERS

DATA GALLON,LITRE,MOREs3,78333

DATA GALLONG.LITRES

DATA POUNDSKILOGRAM HEAVIERy(. 45359

pATA FOUNDSKILOGRAMS

1999 DATA XXX XXX XXXy 05 XXXy XXX
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EASY CHANGES

1. To have the program always ask a fixed number of questions,
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 in line 600. Thus,

600 N=4

will cause the program to only produce questions comparing
miles and kilometers. To add additional data to the program,
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 use

610 F=0
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 ac-
complished by changing line 740 and adding a line 745 as
follows:

740 IF X=0 THEN PRINT:PRINT*“ AND YOU’RE RIGHT
—VERY GOOD!”
745 1IF 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.
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400-430
450

600 - 760
800 - 870
900- 920
1000 - 1999
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Reads and initializes data.
Displays header.

Forms and asks questions. Processes user’s reply.

Displays exact conversion and governing rule.
Waits for user to hit any key.
Data statements.

MAIN VARIABLES

ND
ESS$,EP$

MS$,MP$

R$
C
Q
B$
J
NR
P
NQ
N
F

V1, V2
V3
T

Q$
R
X

Number of conversions in the data.

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

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

String array of the relation descriptors.

Array of the conversion factors.

Work variable.

String constant of one blank character.

Current question number.

Number of questions answered right.

Percentage answered right.

Number of questions in session.

Index number of current question in the data list.
Flag on question “direction” (0=English to metric;
1=metric to English).

Numeric values on left, right sides of the question.
The correct value of the right hand side.

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

User reply string.

User reply flag (0=no; 1=yes; 2=no idea).

User’s result ( O if correct answer was given).

SUGGESTED PROJECTS

1. Each built-in conversion requires six elements of data in this

order:

Element Data Description

1
2
3

English unit (singular)
Metric unit (singular)
Relation descriptor (e.g., “hotter,” “faster,” etc.)
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4 Conversion factor (from English to metric)
5 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
information 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 currently
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.)

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

3. 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 ques-
tions missed for additional practice.
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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 you’ll
probably have to help your child with this for a while. The pro-
gram asks the question, “WHAT NUMBER COMES AFTER n?”,
where n is a number from one to nine. 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 appro-
priate 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 geometrical shapes. In the
upper left of the screen a square is drawn. In the lower center, a
triangle is drawn. Then as asterisk (or a snowflake, perhaps?) is
drawn in the upper right portion of the screen. After about a
five second delay, the program clears the screen and asks
another question. The same number is never asked twice in a
row. The size of the three figures is chosen at random each time.
Also, the graphics character used in drawing the asterisk is
chosen at random (from a few possibilities) each time.
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If the child provides the wrong answer, a message indicates
the error and the same question is asked again.

The program keeps on going until you hit the STOP key. Re-
member that most children have a pretty short attention 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

[NUMBE P2

WHAT MOMEER COMES AFTER 7

THAT = RIGHT!

The program asks what number comes after 7, and waits for a response.
The operator says ‘8", 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

100
110
120
139
140
150
160
170
180
190
200
210
220
230
240
300
310
320
330
400
410

KEM: NUMBERS

REM: COPYRIGHT 1978 BY TOM RUGE AND PHIL FELIMAN
H=2

8=327681E=101T5=12
R=RNI{-TI)YIFRINT CHR$(147)
FRINTIPRINT

FRINT TAR(10)3CHR®( 18)5 "NUMBERS"
R=INTOMKRNIN 1) )M1IF R=F THEN 170
FRINT (PRINT

PRINT"WHAT NUMBER COMES AFTER"iK
INFUT R$

FRINTIPRINT

IF VAL(R$)=R+1 THEN 300

FPRINT"NOs THAT’S NOT IT. TRY AGAIN."
GOTO 180

FPRINT"THAT’S RIGHT!"

FOR X=1 TO 1000INEXT
P=R${C=102IPRINT CHR%$(147)
E=INT{B¥RNI{ 1) )43

Y=11FOR X=1 TO E!GOSUR P00INEXT
X=EtFOR Y=1 TO EIGOSUB 900INEXT
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420
430
450
469
470
480
490 C=9?:Y=TS+E+I’FOR X=T5~ E+1 TO TS+E
500 GOSUR 200INEXT

520 A=28iRB=101C=INT(7XRND{ 1))484

530 FOR J=1 TO E

540 X=A+JiY=R+tJIGOSUE 900

590 Y=B—J:GOSUB 900

560 Y=RIGOSUER 900

T0 1 STEP -1:1GOSUR 900 INEXT
T0 1 STEP -1:GOSUR 900 INEXT
T

e ST

110 E
GOSUR 200 INEXT
=1 T0 E

P T L L )

- 3 it T3 K g
1
——f

mmmw

570 X=AiGOSUR 900

580 Y=R+JiGOSUE 900
590 Y=R-JIGOSUR 900
600 X=A-JiGOSUR 900

610 Y=B:{GOSUE 900

620 Y=R+JIGOSUR 900

630 NEXT

800 FOR J=1 TO 3000INEXT J
810 PRINT CHR$(147)

820 GOTO 179

900 FOKE S+40XY$XsC

919 RETURN

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 9. Later, increase the value of M to 5, and
then 8.

2. Alter the delay after “THAT’S RIGHT!” is displayed by al-
tering the value of 10001n statement 310. Double it to double
the time delay, etc. The same can be done with the 3000 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 use a wider range of random graphics characters in drawing
the asterisk, change the 7 in line 520 into a 19, and the 86
into 77.
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5. 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—3.1IF E<2 THEN E=2

c. Replace line 330 with the following:
330 E=E+2:1F E>11 THEN E=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 1% seconds.

320-430 Draws a square.

450- 500 Draws a triangle.

520- 630 Draws an asterisk.

800 Delays about 5 seconds.

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

900- 910 Subroutine to POKE graphics character C to X,Y
coordinate location on screen.

MAIN VARIABLES

M Maximum number that will be asked.

S Starting address of CRT screen.

E Edge length of geometric figures.

R Random integer in range from 1 to M.

P Previous number that was asked.

R$ Reply given by operator.

XY Coordinates in CRT display.

C Graphics character to be POKEd to CRT screen,
TS Triangle’s starting location (top).

AB X,Y coordinate values.

J Subscript variable.
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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.

7. Ask each number from 1 to M once (in a random sequence).
At the end of the sequence, repeat those that were missed.

3. 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 graphics 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 fraction of a second, then asks you what it was. With a little
practice, you will find that you can read phrases that are dis-
played 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 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, a 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 (.05 seconds less). If you respond incor-
rectly, the program shows you the correct phrase, and the next
phrase is displayed for a longer period of time (.05 seconds
more).

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.
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A great deal of research has been done to determine how
people read and what they should do to read both faster and
with 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 tolook 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
increase the width of the phrases you absorb, your reading
speed can increase dramatically.

SAMPLE RUN

sass TACHISTOSCOPE &8s

THAROUBOIBOR AEaBTRA°EBREDC
BriksBY AREY V35ROV 18 RERB 17,

TYPE _WHAT YOU SE D I‘LL TELL
voﬁ B %du HERE Eteﬂq. !

WE’LL START AT .1 SECONDS.
PRESS ANY KEY WHEN YOU’RE READY.

The program displays an introduction, then waits.
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The program clears the screen and displays two parallel lines 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 one tenth of a second, then clears the screen.
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$Hat Y2 Hke

THAT’S RIGHT!

HE NBYTsEUBMAL P PrsTLaveD

PRESS ANY KEY WHEN YOU‘RE READY.

The program asks what the phrase was. The operator responds correctly.
The program acknowledges the correct response, and indicates that the
next phrase will be shown for a shorter length of time.

PROGRAM LISTING

100 REM: TACHISTOSCOFE

110 REM: COFYRIGHT 1978 EY TOM RUGG AND PHIL FELIMAN
120 T=.1

130 J=TX60:E=147

140 L=50

150 DIM T$(L)

160 C=0

170 READ R$

180 IF R$="XXX" THEN 250

190 C=C+1

200 IF CxL THEN PRINT"TOO MANY DATA STATEMENTS® tEND
210 T$(C)=R¢%

220 GOTO 170

250 R=RNIK-TI)

260 PRINT CHR$(R)

270 PRINT ¥xxXx TACHISTOSCOPE k¥&x"

280 FRINT

290 PRINT"THIS PROGRAM IS DESIGNED TO"

300 FRINT"IMFROVE YOUR READING SFEED."
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310
320
330
340
350
340
370
380
400
410
420
430
440
450
460
4%
470
480
490
500
505
510
520
530
540
550
560
570
580
590
§00
610
620
430
440
700
710
720
730
740
800
810
840
850
840
870
910

PRINT
PRINT"I‘LL BRIEFLY DISFLAY A SHORT®
PRINT"PHRASE, AND YOU TRY TO READ IT,®
PRINT

PRINT"TYPE WHAT YOU SEE,» AND I‘LL TELL®
PRINT"YOU IF YOU WERE RIGHT,"

PRINT

PRINT"WE’LL START AT”3T;"SECONDS."
FOR K=1 TO S1GET R$INEXTIPRINT
PRINT"PRESS ANY KEY WHEN YOU‘RE READY,"
GET R$:IF R$="" THEN 420
R=INTCCHRNIC 1 ) )41

IF R=P1 OR R=P2 OR R=F3 THEN 430

IF R=P4 OR R=PS THEN 430

PRINT CHR$(E)IGOSUR 840

FOR K=1 TO 1500INEXT K:IF J<2 THEN 800
PRINT tPRINT{PRINT T$(R)

§=T1

IF TI-5<J THEN 490

PRINT CHR$(E)

FOR K=1 TO SO0INEXT K

PRINT $PRINT tPRINT tPRINT

PRINT"WHAT WAS IT?"

INFUT R$

PRINT

IF R$<>T$CR) THEN 700

FRINT" THAT’S RIGHT!®

J=J-3

IF J<1.2 THEN J=1,2

FRINT
PI=F2iP2=P3iF3=P4 IF4=P5 P5=R{PRINT
PRINT*THE NEXT ONE WILL BE DISPLAYED"
PRINT"FOR"$.J/605 " SECONDS ,*

PRINT

GOTO 400

FRINT"NO, THAT’S NOT IT, IT WAS"
PRINT {PRINT"/*3T$(R)3" "

J=J+3

IF_INT(J/3)<>J/3 THEN J=3KINT(J/3)
6OTO 590

PRINT tPRINTIPRINT T$(R)5CHR$( 147)
6OTO 505

PRINT " === " tPRINT

PRINT {PRINTtPRINT" === mm e .

PRINT CHR$(19)

RETURN

DATA" AT THE TIME®
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920
930
940
950
940
970
980
999
1009
1010
1020
1630
10490
1650
1060
1070
1089
10990
1109
9999

BASIC Programs for the PET

DATA" THE EROWN COW"
DATA"LOOK AT THAT®
DATA" IN THE HOUSE"
DATA"THIS IS MINE"
DATAYGHE SAIDN 50"
[ATA" THE BABY CRIED™
DATATO THE STORE®
IATAYREADING IS FUN"
IATA"HE GOES FAST"
DATA"IN ALL THINGS®
IATA"GREEN GRASS"
IATA"TWO BIRDS FLY"
DATA"LATE LAST NIGHT"
DATA" THEY ARE HOME"
IATA"ON THE PHONE"
[ATA" THROUGH & DOOR"
DATA"WE CAN TRY"
IATA"MY FOOT HURTS”
IATA"HAFPY NEW YEAR®
IATA XXX

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 state-
ments, 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. In a 4K PET, you have room for about 60
phrases of the approximate size shown in the program listing.
In an 8K PET, you can probably have over 200 of them. Be
sure to have at least 6. -

. To change the length of time the first phrase is displayed,
change the value of T in line 120. If one-tenth of a second is
too fast, try two-tenths. Use a multiple of .05 seconds, or else
Inakeit.02seconds(thernaxhnunlspeed)

_To cause all phrases to be displayed for the same length of
time, remove lines 570 and 720.
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4. 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
second, 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 two 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

120-150 Initializes variables

160- 220 Reads DATA statements into T$ array.

260- 380 Displays introduction.

400-420 Waits for operator to press a key.

430-450 Picks random phrase from T$ array. Ensures no
duplication from previous five phrases.

460- 465 Clears screen and displays horizontal lines.

470- 500 Displays phrase for appropriate length of time.

505- 530 Waits, then asks what the phrase was.

550 Determines if typed phrase matches the phrase
displayed.

560- 640 Shortens time for next phrase if reply was correct.
Saves subscript to avoid repetition. Goes back to
400.

700 - 740 Shows what phrase was. Lengthens time for next
phrase. Ensures that time period is a multiple of
.05 seconds.

800- 810 Special routine to display phrase for shortest time
(about .02 seconds). '

840- 870 Subroutine to display horizontal dash lines.

910-9999 DATA statements with phrases to be displayed.

MAIN VARIABLES

T
J

Time (seconds) that phrase will be displayed.
Number of “‘jiffies” that the phrase will be dis-
played.
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B ASCII number for character to clear screen.

L Limit of number of phrases.

TS Array of phrases (read into from DATA state-
ments).

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 dis-
played.

P1,P2, Subscripts of the five previous phrases.

P3,P4,P5

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

K Temporary work variable.

SUGGESTED PROJECTS

1.

Instead of picking phrases at random, go through the list
once sequentially. Change line 250 to set R to zero, and line
430 to add one to R, then check if R is greater than C.

_Instead of only verifying that the current phrase does not

duplicate any of the previous five phrases, modify the pro-
gram to avoid duplication of the previous ten or more.
Changes will be needed to lines 440, 450, and 600.

. 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 factor for
the phrases used.

. 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.



VOCAB

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
students 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 a number less than five,
you will still do five. Otherwise, you will do the number you
enter.

Next, you get a series of multiple choice questions. Each
question 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
question 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

®®X YOCABULARY QUIZ ®¥XX

THIS PROGRAM WILL TEST YOUR KNOWLEDGE
OF SOME USEFUL VOCABULARY WORDS

HOW MANY QUESTIONS SHALL WE DO? 5

1 -- WHAT WORD MEANS ALL-KNOWING?
1 -- LACONIC
2 —-— HEDONISTIC
3 —-- OMINOUS
4 —-- CONGENITAL
5 —— OMNISCIENT
25
RIGHT!
2 -- WHAT DOES PARSIMONIOQOUS MEAN?
1 -- INDIFFERENT OR UNINTERESTED
2 ——- KEEN IN JUDGMENT
3 —- STINGY OR FRUGAL
4 —-- WEAK OR EXHAUSTED
5 —- OF UNKNOWN OR HIDDEN ORIGIN
?2 4

NO, THE ANSWER IS NUMBER 3
YOU HAVE 1 RIGHT OUT OF 2 QUESTIONS.
( ... later)

YOU HAVE 3 RIGHT OUT OF 5 QUESTIONS.
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THAT'S 6§ PERCENT.
NOT BAD, BUT ROOM FOR IMPROVEMENT.

WANT TO TRY AGAIN? NO
CHECK YOU LATER.
PROGRAM LISTING

100 REM: VOCARULARY QUIZ

110 REM! COPYRIGHT 1978 EY TOM RUGE AND PHIL FELDMAN
300 GOSUE 1000

400 GOSUE 2000

400 GOSUR 3000

500 GOSUER 4000

700 GOSUER 5000

800 GOSUR 6000

700 IF E=0 THEN 500

?10 GOTO 300

990 REM

1000 IF E<>0 THEN 1060

10190 PRINT CHR$(147)

1020 PRINT"XXXX VOCABULARY QUIZ Xkxx*

1030 PRINT

1040 PRINT"THIS PROGRAM WILL TEST YOUR KNOWLEDGE"
1050 PRINT"OF SOME USEFUL VOCARULARY WORDS,”
1060 PRINT

1110 INPUT"HOW MANY QUESTIONS SHALL WE DO";L
1120 L=INT(L)

1130 IF L4 THEN 1145

1135 PRINT"THAT’S NOT ENOUGH., LET‘S DO 5.*
1140 L=5

1145 IF E<»0 THEN 1200

1150 PRINT

1160 R=RNIK-TI)

1200 RETURN

2000 IF E<>0 THEN 2200

2010 C=5

2020 =26

2030 DIM D$CL)sE$(D)

2040 DIM R(C)

2050 J=1

2060 READ D$(J)

2070 IF D$(J)="XXX" THEN 2149

2090 READ E$¢J)

2100 J=J+1
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2110 IF J<=0 THEN 2060

7120 PRINT"TOO MANY DATA STATEMENTS.”
2130 PRINT"ONLY FIRST"iDii"ARE USED.”
2149 b=J-1

2200 @=1

2210 E=0

2220 Q1=0

2300 RETURN

3000 FOR J=1 T0 C

3010 P(J)=0

3020 NEXT J

3030 FOR J=1 TOC

3040 P=INT(DXRNDC1))+1

3045 IF P=P1 OR P=F2 OR P=P3 THEN 3040
3050 FOR K=1 70 J

3060 IF P(K)=P THEN 3040

3070 NEXT K

3080 P(J)=F

3090 NEXT J

3110 A=INT(CKRND(1))+1

3200 RETURN

4000 PRINT

4010 M=RNI{1)

4020 IF M>.5 THEN 4100

4030 PRINT G3"-- WHAT WORD MEANS "JE$(F(R))F"T"
4040 FOR J=1 T0 C

4050 PRINT TAB(S)iJs"-— "iI$(P(J))
4060 NEXT J

4070 GOTO 4200

4100 PRINT Q3"-- WHAT DOES "3;D$CP(A))3" NEAN?"
4110 FOR J=1 TO C

4120 PRINT TAB(S)iJi'-— "SES(P(I))
4130 NEXT J

4200 FPRINT

4210 RETURN

5000 INFUT R

5010 R=INT(R)

5020 IF R»=1 AND R<=C THEN 5040

5630 PRINT"I NEED A NUMBER FROM 1 T0"3C
5035 GOTO 5000

5040 PRINT

5050 IF R=A THEN 5100

5040 PRINT"NO, THE ANSWER IS NUMBER" A
5070 GOTO 5200

5100 PRINT"RIGHT!"

5110 Q1=Q141

5200 FRINT

5210 IF Q=1 THEN 5300



VOCAB 99

2290
9339
33040
310
33290
3330
000
6019
80320
60390
6049
6050
6060
6070
60890
60990
6109
61190
6120
6139
61490
6130
8160
6170
61840

6200
6210
6220
6225
6228
6239
6240
62590
7000
7002
7004
70190
70249
7030
70490
70540
7040
7070
7080
70590
7109
7110

FRINT"YOU HAVE"iQ15"RIGHT OUT OF*$05"QUESTIONS,"
PRINT

P3=p2

P2=F1

F1=P{A)

RETURN

G=0+1

IF Q<=L THEN RETURN

E=1

G=INT(Q1%100/(G-1))

IF Q>0 THEN 4070

FRINT"WELLs THAT’S A ‘PERFECT’ SCORE..."
GOTO 6200

PRINT"THAT’ 8" $@5 "PERCENT,"

IF Q:25 THEN 61190

PRINT"CONGRATULATIONS ON AVOIDING A& SHUTOUT."
GOTO 46200

IF Q:50 THEN 6140

FRINT"YOU CAN USE SOME MORE PRACTICE."

GOTO 6200

IF Qx75% THEN 6170

FRINT"NOT BAI's RUT ROOM FOR IMPROVEMENT.®
GOTO 6200

FRINT"VERY GOOD!*®

IF Qx93 THEN

PRINT"YOU’RE ALMOST AS SMART AS I AM!"®
PRINT

INFUT"WANT TO TRY AGAIN";R$

IF LEFT${(R$s1)<>"N" THEN 6230
FRINTIFRINT"CHECK YOU LATER."!PRINT

END

IF LEFT$(R$s1)="Y" THEN 46250

GOTO 4210

RETURN

REM: ON LINE 2020, I MUST RE AT

REM: LEAST ONE GREATER THAN THE

REM: NUMBER OF DIFFERENT WORDS,

DATA ANONYMOUS:"OF UNKNOWN OR HIDDEN ORIGIN"
DATA OMINOUS:"THREATENING OR MENACING"

DATA AFFLUENT s WEALTHY

DATA APATHETIC, " INDIFFERENT OR UNINTERESTED"
IATA LACONIC,TERSE

DATA INTREFID:"FEARLESS OR COURAGEDUS®

IATA GREGARIOUS,"SOCIAL OR COMPANY-LOVING®
DATA ENERVATED: "WEAK OR EXHAUSTED®

IATA VENERABLE:"WORTHY OF RESPECT OR REVERENCE®
IATA DISPARATEs "DIFFERENT AND DISTINCT®

DATA VIVACIOUSs"LIVELY OR SFIRITED®
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7120 DATA ASTUTE,"KEEN IN JUDGHMENT"

7130 DATA URSINEsBEARLIKE

7140 DATA PARSIMONIOUS,"STINGY OR FRUGAL"
7150 DATA OMNISCIENT»"ALL-KNOWING®

7999 DATA XXX

EASY ("JHANGES

1. Add more DATA statements between lines 7000 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. Using DATA statements that
average the same length as these, you can probably have
about thirty of them in a 4K PET, or as many as 130 in an
8K model. Be sure to leave statement 7999 as it is—it signals
that there are no more DATA statements.

2. 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.

3. If you do not want to be given a choice of how many ques-
tions are going to be asked, remove lines 1110 through 1140
and insert the following lines:

1110 PRINT“WE’LL DO TEN QUESTIONS.”
1120 L=10

This will always cause ten questions to be asked. Of course,
you can use some number other than ten if you want.

MAIN ROUTINES
300-910 Mainline routine. Calls major subroutines.

1000 - 1200 Prints introduction. Initializes RND function. De-
termines number of questions to be asked.
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2000 - 2300

3000 - 3200

4000-4210

5000- 5330

6000 - 6250
7000 - 7999

101

Reads vocabulary words and definitions into
arrays. Performs housekeeping.

Selects choices for answers and determines which
will be the correct one.

Determines in which format the question will be
asked. Asks it.

Accepts answer from operator. Determines if
right or wrong. Keeps score. Saves subscripts of
last three correct answers.

Gives final score. Asks about doing it again.
DATA statements with. vocabulary words and
definitions.

MAIN VARIABLES

E
L
R
C
D
D§
E$
P

J
Q

Qt

P
P1,P2,P3
A

M

RS

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

Limit of number of questions to ask.

Work variable to initialize RND. 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
statements. 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
calculate percent correct).

Number of questions correct so far.

Work variable.

Last three correct answers.

Subscript of correct answer in P array.

Work variable to decide which way to ask ques-
tion.

Yes or no reply about doing another round.
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SUGGESTED PROJECTS

1. Modify lines 6030 through 6200 to display the final evaluation
messages based on a finer breakdown of the percent correct.
For example, show one message if 100 percent, another if
95 to0 99, another if 90 to 94, etc.

2. Ask the operator’s name in the introduction routine, and per-
sonalize some of the messages with his/her name.

3. 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.)

4. Keep track of which questions the operator misses. Then,
after going through the number of questions he/she requested,
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 PET. Besides providing relaxa-
tion and recreation, they have some built-in practical 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 “computer 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
PET 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 involving
mostly luck with a dash of skill (or intuition) thrown in. The
PET is ready for your challenge anytime.

JOT is a word game. You and the PET each take secret words
and then try to home in on each other’s selection.

Do you like solving puzzles? If so, try DECODE. The PET
will choose a secret code and then challenge you to find it.
How fast can you do it?

Graphic electronic arcade games are a prevalent landmark of
the late seventies. We include two such games. ROADRACE
puts you behind the wheel of a high speed race car. You must
steer accurately 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!
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DECODE .

NN ecs boo M el

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
puzzles 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 selec-
ting your guesses to make use of the information you have, you
can determine 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 PET might pick 6153 or 2242 as a secret
code.

Your objectis 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 be 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 information 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 “SUMMARY”
by entering an S instead of a guess. This causes the program to
clear the screen and display each guess (with the corresponding
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
answer. Otherwise, you continue guessing until you get the code
right (four black, zero white), or until you have used up the
maximum of twelve guesses.

SAMPLE RUN
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#%%% DECODE #a%s

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

“BLACK’ INDICATES A CORRECT DIGIT

IN THE RIGHT POSITION.

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

1°VE CHOSEN MY SECRET CODE.

GUESS NUMBER % ? 6413

GUESS NO. 1 ~- BLACK = 2 KWHITE = 8
GUESS NUMBER 2 ? B

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

SUMMARY
QUESS BLACK WHITE
6413 2 ]
6452 1 e
6611 e ]
4433 3 e

GUESS NUMBER 5 ? 4443

GUESS NO. 5 -- BLACK = 4 WHITE = @

YOU GOT IT IN 5 GUESSES.
<+« THAT’S PRETTY GOOD
HWANT TO TRY AGAIN?

Later in the same game, the operator asks Tor 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.



108

BASIC Programs for the PET

PROGRAM LISTING

169
110
120
130
140
150
170
180
170
200
210
220
230
240
250
260
270
280
300
310
370
3840
399
400
410
420
430
0o
310
320
530
540
550
560
570
600
610
620
630
640
650
660
670
480
700

REM: DECODE

REM: COPYRIGHT 1978 BY TOM RUGE AND PHIL FELDMAN
I=41F=41L=12

DI GH(LIsGIPIsCOP I BOL Yo WCL)
R=RNI{ -TI)

GOSUR 1200

GOSUE 300 :GOSUR 370

FRINT"GUESS NUMEER" 3G

INFUT A%

IF LEFT${A$s1)="8" THEN 500

IF LEFT${A$,1)="Q" THEN 609

GOSUR 700

GOSUR 800

GOSUR 1000

IF B{G)=F THEN 2000

G3(G =A%

G=G+1:IF GxL THEN 2200

GOTO 180

G=1iCe=""

RETURN

FOR J=t TOF

R=IMT(IKRNICT ) )+
Ce=CH+HHIDS(STRE(R )9 29 1)

NEXT J

FRINT"I’VE CHOSEN MY SECRET CODE.®
PRINT

RETURN

IF G=1 THEN PRINT"NO GUESSES YET"!GOTO 180
PRINT CHR$(147)s" SUMMARY" tPRINT
PRINT"NO. GUESS  BLACK  WHITE"
FPRINTIFOR J=1 TO G-1

PRINT J3TAR(7 )5CH(J IS TARC16)5BCI IS TAB( 24 )5UW( J)
IF G<10 THEN PRINT

NEXT tPRINT

GOTO 180

FRINT

PRINT"CAN'T TAKE IT» HUH?P"
PRINTIPRINT"WELL, MY CODE WAS *;
FOR J=1 TO 4

PRINT" "%

FOR K=1 TO 900INEXT

NEXT

FRINT C$:IPRINT

GOTO 2090

IF LEN(A$){>F THEN 780
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710 FOR J=1 TO P

720 R=VALIHIDIS(A$s ]y 1))

730 IF R<1 OR R>D' THEN 780

740 NEXT

730 RETURN

780 FRINT"ILLEGAL. TRY AGAIN.®

790 GOTC 180

800 B=01U=0

810 FOR J=1 TOF

820 GUJ)=VAL(MID$C(AS%sJs1))

830 COII=VAL(HIDS(CSsds1))

840 IF G(J)=C{J) THEN B=B+1:G6(J)=01C(J)=0
830 NEXT

B60 FOR J=1 TO PLIF CCJ)=0 THEN 920

870 H=0(FOR K=1 TQ P

880 IF C(J)=0 THEN 910

890 IF CCJ)XEG(K) THEN 910

900 H=11G(K)=01L(J)=0

910 NEXT KiW=WiH

920 NEXT J

930 RETURN

1000 B G)I=RIUCE)=UIPRINT

1010 FRINT"GUESS NO."3G3#"-- BLACK ="§Bi" WHITE ="3V¥
1029 PRINTIRETURN

1200 PRINT CHR${147)s

1210 PRINT"X¥¥x DECODE %kxx®

1220 PRINTIPRINT

1230 PRINT"FIGURE OUT A"3$P$"POSITION CODE"
1249 PRINT

1250 FRINT"USING THE DIGITS 1 THRU":D
1260 PRINTIFRINT

12790 PRINT"/BLACK’ INDICATES A CORRECT DIGIT®
1280 PRINTIPRINT"IN THE RIGHT POSITION.®
1299 PRINT

1300 PRINT"/WHITE’ INDICATES SOME OTHER CORRECT"
1310 PRINT A

1320 PRINT"DIGIT, BUT IN THE WRONG FOSITION."
1330 FRINTIPRINT

1340 RETURN

2000 PRINT

2010 PRINT"YOU GOT IT IN"#Gi"GUESSES."
2020 IF G<5 THEN B$="OUTSTANDING!"

2030 IF G=5 OR G=6é THEN R$="PRETTY GOOD*
2040 IF G=7 THEN E$="NOT BADl"

2050 IF G=8 THEN E$="NOT TOO GREAT"

2060 IF G-B THEN R$="FRETTY RAD"

2070 PRINTIFRINT"...THAT'S "sB¢
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2080 PRINT

20920 INFUT"WANT TO TRY AGAIN";iA%
2100 IF LEFT$(A%$,1)="Y" THEN 150
2110 IF LEFT$(A%$,1)<5"N" THEN 2099
2120 PRINTIPRINT"COWARD, " IPRINT
2130 END

2200 PRINT

2210 FRINT"THAT’S YOUR LIMIT OF"sL3#"GUESSES."
2220 FRINT

2230 PRINT"MY CODE WAS "3C$

2249 GOTO 2080

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=5:1L=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.

. 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. Deter-

mines if limit on number of guesses was exceeded.

300-310 Subroutine to initialize variables.
370-430 Subroutine to 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.

700- 790 Subroutine to determine if operator’s guess was

legal.
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800-930

1000 - 1020

1200- 1340
2000-2130

2200-2240

111

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

Subroutine to display number of black and white
responses for the 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
exceeds limit of number of guesses.

MAIN VARIABLES

D

P

L
G$
G,C
B,W

R,H
G
A$
C$
J,K
B,W

BS

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

Number of positions in the code.

Limit of number of guesses that can be made.
Array in which guesses are saved.

Work arrays in which each guess is analyzed.
Arrays in which the number of black and white
responses is saved for each guess.

Work variables.

Counter of the number of guesses made.

Reply by the operator.

Secret code chosen by the program.

Loop variables.

Number of black and white responses for this
guess.

String with message about operator’s performance.

SUGGESTED PROJECTS

1. Change the analysis at the end of the game to take into
account 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.

2. At the beginning of the game, give the operator the option of
deciding the complexity of the code. Ask for the number of
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positions and the number of digits. Make sure only “reason-
able” 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 accordingly.
Suggestions are:

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

3. In addition to using the number of guesses to determine how
well the operator did, keep track of the amount of time.
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PURPOSE

Do you like the thrills of fast-paced dice games? If so, GROAN
is right up youralley. 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 PET 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
normally 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 is acceptable. Next, a simulated coin toss
randomly decides who will get the first roll.

Each dice roll is portrayed with a short graphics display. The
dice are shown rotating and then the outcome is displayed pic-
torially. Before each roll, the PET 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 indi-
cate 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 next
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 PET. 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 PET. 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 PET will acknowledge the winner
before signing off.

SAMPLE RUN



GROAN 115

GROAN

B HEER BEETER 18 BiSr) - se

AND NOKW A COIN TOSS FOR FIRST ROLL

THE COIN IS IN THE AIR AND
1 GET FIRST ROLL

The operator has decided to challenge the PET to a fifty point game of
GROAN. The computer wins the coin toss and gets the first dice roll.

The PET’s roll, however, results in a ““groan’’ and a four. This scores no
points and the dice pass to the operator.
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[ 3

SCOREBOARD
58 POINTS NEEDED TO WIN

BRI v =

SERIE 29 20

YOU HAVE 7 POINTS THIS SERIES

(P=PASS DICE - R=ROLL AGARIN)
YOUR DECISION (P OR R) 7

Much later in the same game, the operator rolls a 7 to start a series of rolls.
The score was operator-29, PET-20 before the roll. The operator must now
decide whether to pass the dice or risk rolling again.

PROGRAM LISTING

100 REM GROAN
110 REM COPYRIGHT 1978 EBY PHIL FELDMAN AND TOM RUGG
150 @=RNIK-TI )
160 5=32768
17¢ DL=200
180 E=166:10=1681U=1%96
200 PRINT CHR${147)5TAR(16)5"GROAN® IPRINT
210 PRINTIPRINT"HOW MUCH NEEDED TO WIN":
INPUT"( BETWEEN 30-10¢ IS BEST) "iW
220 W=INT(W)LIF W=0 THEN 210
© 230 PRINTIPRINTI!PRINT"AND NOW A COIN TOBS FOR FIRST
ROLL" :GOSUR 830
240 PRINTIFRINTIPRINT"THE COIN IS IN THE AIR AND"
250 Qe="YOU" IQ=RND(1)IIF Q>.5 THEN Q$="I"
260 PRINTIPRINT SPC(S)sIFOR J=1 TO SIPRINT". "
GOSUR 830 INEXT
270 PRINT G%#" GET FIRST ROLL"IGOSUR 840
280 T=0{IF Q>.5 THEN 400
300 Pe=" YOU" IPRINT CHR${147)3TAR(11)§
"YOU’'RE ROLLING":GOSUE 830:!GOSUR 500
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310 T=THRI4R2IIF F30 THEN T=0

320 IF F=2 THEN H=0

330 GOSUR 850:IF F>0 THEN PRINT®DICE PASS TO ME*:
GOSUE 8403GOTO 400

340 FRINT*(P=PASS DICE - R=ROLL AGAIN)" FRINT!
FRINT"YOUR DECISION (P OR R) 7"

350 GET G$:IF Q$="" THEN 350

360 IF Q$="R" THEN 300

370 IF Q$<>"F" THEN 350

380 PRINTSH=H4TIIF H>=W THEN 970

390 T=0:F=1:PRINT CHR$(147)1GOTO 330

400 T=0ipg="1"

410 PRINT CHR$(147)3CHR$C 17 )5 TARC12)5°1/M ROLLINGS
GOSUE 830 :GOSUB 500

420 T=THRI+R2!IF F30 THEN T=0

430 IF F=2 THEN P=0

440 GOSUE 850:IF F>0 THEN PRINT"DICE PASS TO YOU*!
GOSUR 840:T=0:GOTO 300

450 GOSUE 1000:IF X=1 THEN PRINT"I‘LL ROLL AGAIN"!
GOSUE 840:GOTO 410

460 PRINT*I‘LL STOP WITH THIS®:COSUR 830:P=P4T:
IF Pr=i THEN 970

470 PRINT!PRINT"DICE PASS TO YOU":T=0:GCOSUR 8401
GOTO 300

500 C2=5+420:DL=500 GOSUR 6003R1=INTCRNIK 1)%6+1 )¢
R2=INTC RNDC 1 )%6+1)

510 DL=60:C2=C2-1185GOSUR 4001C2=C2-77GOSUE 600
C2=C2+83:COSUR 600

520 C2=C2+122:GOSUR 6003C2=C2+118C0SUE 400¢
C2=C2477GOSUR 400

530 C2=C2-83:GOSUR 600

540 C2=C2-1221C1=2%( 5+417)-C2

550 C=C1:R=R1:GOSUE 650 {GOSUR 700

560 C=C2R=R2:GOSUR 650 $GOSUR 700 F=0¢
IF Ri=1 THEN F=1!NT=5!{GOSUB 800

570 IF R2=1 THEN F=F41!NT=25!GOSUR 800

580 IF F=2 THEN GOSUR 820:COSUR 830

590 RETURN

600 C1=2¥(S+417)-C21C=C1!GOSUR 650

610 C=C2$GOSUR 650:FOR J=1 TO DL INEXT

620 PRINT CHR$(147)iRETURN

450 FOKE C-82,85!FOKE C-7873

660 POKE CH78:741FOKE C+82,75

670 FOR J=1 TO 3POKE C-82+Jsé4

680 POKE C-78440%J,931POKE C-824J%40 193

690 POKE C4784+Js64NEXT tRETURN

700 ON R GOSUB 710573017405750 57605770 {RETURN
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710

720
730
740
750
760
770

800
810
820
830
840
850
860

865
870

880
8%0
700

910
720

230
940
750

960
970

980
970
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POKE C-41,87FOKE C-39,87 IFOKE Cr462

POKE C+39s851FOKE C+40+64

FOKE C+41,73:RETURN

POKE C-41:s81:FOKE C+41,81IRETURN

FOKE Cs81:1GOSUR 730 {RETURN

GOSUR 7304POKE C-39s81POKE C+3%7,811RETURN
GOSUR 750 1FOKE Cy81IRETURN

GOSUR 750FOKE C-1,811POKE C+1,81IRETURN
PRINT CHR$(19)IFOR J=1 TO 9IPRINT CHR$(17 )7 INEXT
PRINT TAB(NT)3"GROAN" {GOSUR 830 IRETURN

FOR J=1 TO SiPRINT CHR$(1435)5 INEXTS

FRINT TAB(14)5CHR$(18)"DESPAIR" IRETURN

FOR K=1 TO 1500 INEXTIRETURN

FOR K=1 TO S000INEXTIRETURN

PRINT CHR$(19)IFOR J=1 TO 13!PRINT CHR$(17)5:
NEXT!PRINTIFOR J=1 TO 11

PRINT CHR$CE)FINEXTIFRINT" SCOREEOARD "5

FOR J=1 TO 12iPRINT CHR$(B)iINEXT

FRINT

GOSUR F60IPRINT CHR$(B)ISFC(3 )i

W3"POINTS NEEDED TO WIN"#TAB(34)sCHR$(B)

PRINT CHR${E)3iFOR J=1 TO 33IPRINT CHR$(D)s}
NEXT{PRINT CHR$(R)IGOSUR 960

PRINT CHR$(E)3" FOINTS SCORED You ME" 5
TARC34 )5CHR$(R)

PRINT CHR$(E);* BEFORE THIS"iTAR(20)iCHR$(U)s
CHR$( U )5CHR$(U)

PRINT TABR(28)5CHR$(U)FCHRSCU)FTARC 34 )5CHRS(E)
FRINT CHR$(E);" SERIES"$ TAR( 19 )iHITARC 27 )iFs
TAB( 34 )iCHR$(R)

PRINT CHR$(E);IFOR J=1 TO 33:PRINT CHR$(II)s ¢
NEXTIPRINT CHR$(E)IGOSUR 960

PRINT CHR$(E)iP$3;" HAVE"#Ti"FOINTS THIS SERIES":
TAR( 34 Y5 CHR$( R ) :GOSUB 960

FOR J=1 TO 3S:PRINT CHR$(E); INEXTIPRINTIPRINTS
RETURN

PRINT CHR$(E)3iTAB(34 )i CHR$( B IRETURN

T=0 $PRINT CHR$( 147):GOSUR 8501

IF P>=W THEN PRINTIPRINT"SKILL WINS AGAIN"

IF H>=W THEN PRINT"YOU WIN - IT WAS SHEER LUCK"
END

1000 V=P+T{IF Vi=W THEN 1100

1010 IF (W-H)<10 THEN 1110

1020 IF P>=H THEN L=T/23:1G070 1050
1030 IF VU<H THEN L=T/35:G0TO 1050
1040 L=T/30
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1050 IF RND(1):L THEN 1119
1100 X=0IRETURN

1110 X=1:RETURN
EASY CHANGES

1. If you wish to set the program for a fixed value of the winning
score, it can be done by changing line 210. Simply set W to
the winning score desired. For example:

210 W=100

would make the winning score 100.
2. The rotating dice graphics display before each roll can be
eliminated by

505 GOTO 550

This has the effect of speeding up the game by showing each
dice roll immediately.

3. After you play the game a few times, you may wish to change
the delay constants in lines 830 and 840. They control 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 750:NEXT:RETURN
840 FOR K=1 TO 2500: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.

400-470 PET rolls.

500- 590 Determines dice roll. Drives its display.

600- 620 Determines moving dice locations. Draws and
erases dice.

650-690 Draws die outline.

700- 770 Draws die face.

800 - 820 Displays groan messages.

830- 840 Delay loops.

850-960 Displays scoreboard.
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970-990

BASIC Programs for the PET

Ending messages.

1000-1110 PET’s strategy. Sets X=0 to stop rolling or X=1 to

continue rolling.

MAIN VARIABLES

< KH-HOImE

DL
B,D,U
S
Q,Q%
J,K
P$
R1,R2
R

F

Cl1,C2
C
NT

Amount needed to win.

Previous score of human.

Previous score of PET.

Score of current series of rolls.

PET strategy flag (O=stop rolling; 1=roll again).
Cutoff threshold used in PET’s built-in strategy.
Score PET would have if it passed the dice.
Delay length.

CHRS$ arguments for border, divider, underline.
Starting address of CRT memory area.

Work variable, work string variable.

Loop indices.

String of name of current roller.

Outcome of roll for die 1, die 2.

Outcome of a die roll. :

Result of roll (O=no frown; 1=one frown; 2=dou-
ble frown).

Poke address of die 1, die 2.

Poke address of a die.

Argument for TAB function.

SUGGESTED PROJECTS

1. The PET’s built-in strategy is contained from line 1000 on.
Remember, after a no frown roll, the PET must decide
whether of not to continue rolling. See if you can improve on
the current strategy. You may use, but.not modify, the varia-
bles P, T, H, W. The variable X must be set before returning.
Set X=0 to mean the PET passes the dice or X=1 to mean the
PET will roll again.

2. Ask the operator for his/her name. Then personalize the mes-
sages and scoreboard more.

3. 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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PURPOSE

JOT is a two player word game involving considerable mental
deduction. The PET 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
further 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
example, 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 PET alternating guesses at each other’s secret word.

After the PET guesses, it will immediately ask you how it did.
Possible replies are 0, 1, 2, 3, or R. The response of R (for right)
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means the PET has just guessed your word correctly—a truly
humbling experience. The numerical replies indicate that the
word guessed by the PET 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
PET 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
summary, will display a table of all previous guesses and corre-
sponding hits. This is useful as a concise look at all available
information. 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 PET’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 PET’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.”

SAMPLE RUN
JoT
JUST A MOMENT PLEASE .....

THANKS, NOW LET'S EACH THINK
OF OUR SECRET WORD '

(THIS TAKES ME A WHILE ...)
I'VE ALMOST GOT IT
0K, DO YOU WANT TO GO FIRST? NO

MY GUESS IS -- NIP
HOW DID I DO (f-3 OR R)? 1
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I'M THINKING

YOUR GUESS (OR S OR Q)? DOG
# OF HITS IS 1

MY GUESS IS -- NOR
HOW DID I DO (#-3 OR R)? g

I'M THINKING

(later in the same game)

YOUR GUESS (OR S OR Q)? §

YOUR GUESSES SUMMARY MY GUESSES

WORD HITS WORD HITS
DOG 1 1 NIP 1
CAT g 2 NOR ]
LIP g 3 DIG g
SON g 4 PUT 2

5 PUB 1

YOUR GUESS (OR S OR Q)? FED
# OF HITS IS 2

MY GUESS IS =-- PET
HOW DID I DO (f-3 OR R)? R

IT SURE FEELS GOOD
MY WORD WAS - WED

HOW ABOUT ANOTHER GAME? NO
READY.

PROGRAM LISTING

100 REM JOT

110 REM COFYRIGHT 1978 BY FHIL FELDIMAN AND TOM RUGE
150 H=25IN=404:U=250

160 DIM AS(V) BE(N-U)

170 DIM G1$(M)sG24( M)y HI(H )P H2(H)
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200
210
250

260

280
290
300
310
320
330
900

w10
320

330
940

990
9569
970
600
610
620
630
649
650

660
670
680
800

810
820
830
840
850
860
870
900
910

920
930
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G1=0163=0

L=Hil=RND{ -TI)

FRINT CHRE$C(147 H5FCOL&CHR$O 18P 0 T IN
PRINT"JUST & MOMENT PLEASE ... "1E0OBUR 30001
FRINT SG=MND0 L ENTE

FRINT"THANRS, NOW LET’5 EACH THINKYI

FRINTYOF OUR SECRET WORDY

FRINTPRINTYCTHIS TARKES HE A WHILE ...
GOSUR 22001G05UE 2000 iMS=03 IFRINTLPRINT ORy "3
INFUT DO YOU WANT TO GD FIRST":0%
Q$=LEFT$( Q%1 3IIF G%="N" THEM &00

IF Q$="Y" THEN &0¢

FRINTIPRINT"YES OR NO PLEABE" IPRINTIGUTO 309
PRINTLINFUT"YOUR GUESS (OR 5 OR 8Pl

IF P$="0" THEN GUSUE 1000:160TO 504

IF P$="0G" THEN 1100

IF P$=M$% THEN GI=Gl+1iGL1${CL1)=P§iHLIGL =9
GOTG 3409

GOSUR 1800VIF F=0 THEN PRINT"THAT'S NOT & LEGAL
WORDE -~ TRY AGAIN"IGOTG 509

Q$=M$ IGOSUR 2400 10%=F$ICOSUR 1500

PRINT"# OF HITS IS"i@
G1=G1+1:G1$(G1)=0%HI(E1 )=

IF Gi=M THEN 3600

@=L {GOSUR 2000162=C2+1 162462 )=0%

PRINT (PRINT"MY GUESS IS5 -- "§Q$

INFUT"HOW DIDI I DO (O0-3 OR RI“iF$
F$=LEFT${F$s1)

IF P$="R" THEN H2(GZ)=YIC0T0H 3200
P=UAL(F$)IIF P:3 OR (P=0 &ND F$2:0")

THEN FRINT"BAL ANSWER" (GGTG 810

IF L>100 THEN PRINTIFRINT"IYH THINKING ..."
H2( G2 )=P1GOSUR B0

GOTO 500

Q=0C2%( 62 Y IH=H2{ G2 )1 J=0 1GOSUR 2600 iL=L-1}

IF L<1 THEN 904

J=J4+10IF JxL THEN 870

=JIGOSUR 2000 1GOSUR 1500

IF Q=H THEN 810

A=JiR=LIGOSUR 24001L=L-1

IF L<1 THEN 909

IF L¥=J THEN 820

RETURN

FRINTIFRINT"SOMETHINGS WRONG i
FRINTIINFUT"WHAT'S YOUR SECRET WORD" sP4i
GOSUR 1800

IF F=0 THEN PRINTIPRINT"ILLEGAL WORD - I NEVER
HAD A CHARCEY JGGTO 1109

PRINTIPRINT"YOU GAVE & RAD ANSWER BSOMEWHERE --7
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940 FRINT"CHECK THE SUMHARY" (GOSUR 1000

950 GOTO 1190

1000 PRINT:@=G1IIF G2>G1 THEN Q=G2

1010 IF Q=0 THEN PRINT"NO GUESSES YET" {RETURN

1020 FOR J=1 TO 3BIFRINT"~"§ INEXTIPRINTY-"

1030 PRINT"YOUR GUESSES PyCHR$(18 05" SUMMaRY" §
CHRE$( 144 )8" HY GUESSES"

1040 PRINT CHR${ 18)#"WORD" 55FCC2 )i "HITSY s TAR 28 )3

"WORDY §SPCE2 05 HITS
1050 FOR J=1 TO QiK=111F J39 THEN K=0

125

1060 IF J>G1 THEN PRINT SPCOL74HK)5J3SPCOEIIE0$( )i

SFCO2)aH20J 3IGOTO 1090

1070 IF J>G2 THEN PRINT SFCOLiBI$(J i8R0 SHIT s

SPCOEHR 33 J160TOL090

1080 FRINT SPCC1)3GI$CJ )5 SFCC2 )iHICT 3SPCCaHR 153

SPLOB G ISP 20 H2OT)
1090 NEXTIRETURN
1100 PRINTIINFUT"HOW AROUT ANOTHER GAME" ;03
1110 Q$=LEFT$(Q$+1)IIF A$="Y" THEN 200
1120 IF Q%="N" THEN END
1130 PRINTIPRINT"YES OR NO FLEASE"1GOTO 1100
1500 P$=LEFT$(0%,1)10=0GOSUR 1600
1510 P$=MIDG{Q%,2+1)ICOSUR 1600
1520 P$=RIGHT$(Q%s1)IGOSUR 1400 RETURN
1600 IF Fé=M1% OR F$=M2$ OR F$=ii3$ THEN G=0+1
1610 RETURN
1800 J=01F=0
1810 J=J+11IF J»N THEN RETURN
1820 Q=JiGOBUR 20001IF Q$<:F$ THEN 1810
1830 F=1I{RETURN
2000 IF Q:V THEN Q$=B${Q-V)IRETURN
20190 Qe=A%{QIIRETURN
2100 IF P>V THEN B${P-V)=F$IRETURN
2110 A$(F )=P$IRETURN
2200 FOR A=N TO 100 STEF ~11B=INT{RNIK1)%A)+1
2210 GOSUR 2400 INEXT
2220 PRINTIFRINT"I/VE ALMOST GOT IT ..."
2230 FOR A=%9 TO 2 STEF ~1iB=INTCRNIM 1)kA)+1
2240 GOSUR 2400 INEXTIRETURN
2400 Q=AI1GOSUR 20001F$=0%1G=K
2410 GOSUR 20001P=RIGOSUE Z1001P$=0%
2420 P=AIGOSUR 2100 IRETURN
2600 M1$=LEFT${ Q%1 )IMI$=MIDH Q4251
2610 M3$=RIGHT${G%s1)IRETURN
3000 RESTOREIFOR F=1 TO NIREAD F§
3010 GOSUE 2100 INEXTIRETURN
3200 PRINTIFRINT"IT SURE FEELS GOOD®
3210 PRINTIPRINT"MY WORD WAS - iM%
3220 GOTO 1100
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3400 PRINTIPRINT"CONGRATULATIONS - THAT WAS IT"IFRINT

3410 INFUT"WHAT WAS YOUR WORD"#P$IGOSUR 18091J=1

3420 IF F=0 THEN FRINT:
FRINT"ILLEGAL WORD - I HaD MO CHARCE"IGOTO 1100

3430 Q=J:GOSUR 200011F Q%=F% THEN FRINT:
FRINT*NICE WORD™IGOTO 1109

3440 J=J+131F J<=L THEN 3430

3450 PRINTIPRINT"YOU MADE AN ERROF SOREWHERE":
FRINT"-- CHECK THE SUMMARY"

3460 GOSUE 1000:C0TO 1100

3600 PRINTIPRINT"SOREY: I'M QUT OF MEMORY" (PRINT

3610 PRINT"MY WORD WAS - "sM$:1G0TO 1109

5000 DATA ACEYACTADEADO,ALS:AFT s AGE

5010 DATA AGOsAIDAIL AIM»AIRsALEALF

5020 DATA AN ANT ANY «AFEAFTsARCYARE

5030 DATA ARKsARMsARTyASH, 45Ky ASFFATE

5040 DATA AWE AWL sAXEsAYEyBAD RAG »BAN

5050 DATA BARBAT BAY BEDSBEGsRETyRID

5060 DATA RIGsRINsBRITyROAsROG, BOWsRBOX

5070 [ATA ROYsRULy BUG» BUM » BUNs BUS s BRUT

5080 DATA BUYSHRYECARyCALyCaMyCaANsCAF

95090 DATA CAR+CAT,COR,COL.COG,CON,COF

5100 DATA COTsCOWsCOYCRYsCURyCUL CUE

5110 DATA CUPsCURSCUT ARy [iAMy DAYy DEN

S120 DATA DEWsDIE DICsDIMDINsDIIF,DOE

5130 [ATA DOG,DON.DOTsDRY y DU DUE » DUG

5140 DATA DYEDUOSEARSEATEGOYELKELH

5150 [ATA ENDSELFyERAYFAISFAGYFANFAR

5160 [DATA FATSFEINFEWsFIGsFINSFIRSFIT

9170 DATA FIXsFLYFOESFOCFOR,FOXFRY

9180 DATA FUNYFURYGAFGAS:CAYGEMCET

5190 DATA GINsGNUyGORsGODsGOTGUMy GUN

5200 [ATA GUTGUYsGYPsHAL  HAG Y HAM  HAS

5210 DATA HATsHAY yHENyHEXsHIDsHIMsHIF

5220 DATA HISsHITsHERyHEMsHOE s HOG s HOF

5230 DATA HOTsHOWsHUB yHUE »HUGy HUM s HUT

5240 DATA ICEsICYyILKyINKsIMFPsIONsIRE

5250 DATA IRKsITSsIVYsJAaRs JJARy JAW,JRY

5260 [ATA JOR.JOG:JOTJOY»JUGs JAG: JA&M

5270 DATA JET-JIRsJIG,JUTSREGsREYsRID

5280 [ATA KINSKITsLARsLAD-LAG.LAFP.LaY

5290 DATA LAY LAXSLEDLEGSLET,LIDSLIE

5300 DATA LIPSLIT,LOBSLOG,LOP,LOT LOUW

8310 DATA LYEsMAD:MAN s MAF MAR AT s HAY

5320 DATA MENSMETMIDsMOR»MOFMOWSHUD

8330 [ATA MIXsMUGNARsNAGNAF NAY s HET

5340 [ATA NEWSNIL NIF NOLsNOT NORSNOY

5350 DATA NUT 04F 0AK,UAR,OAT,ODE,OIL

5360 [ATA OLLONESOFTOREOUR,OUTOVA
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5370
5380
3390
5400
G410
5420
9430
3440
5450
G460
9470
5480
5490
3900
9510
adi
¥a30
9540
3550
bl
YA

DATA OWE QWL s OUNsPAT FALY PAN FAR
DATA FPAT PAWIFAY s FEAYFELFENSFET
DATA PEWSPIESPIGSPIT PLY POULFOT
DATA POXsPERSFINsFPROSPRYFUB,FUN
DATA PUS,FUT,RAGRAMSRANIRAF s RAT
DATA RAWSRAY REIRIE,RIDREVRIC
DATA RIMsRIFP,ROByROD:ROE,ROTSROW
DATA RUBsRUEsRUG RUMy RUNSRUT S RYE
DATA SALISSAG,SAF s 5AT s SAWS SAYSSET
DATA SEWsSEXsSHY s SEAsSINsBHESSIF
[ATA SIR,SIT,SIXs8KI5KYSLY 50K
DATA SO SONySO0WsSOY s SPASSFY S 5TY
DATA SUE,SUMsSUNy TARSTAD TAG, TAN
DATA TAFsTAXs TARy TEA s TENs THE s THY
DATA TIC,TIEsTINsTIFyTOE, TON,TOP
DATA TOWsTOY s TRY : TUR, TUG, TWO LR
DATA USEsUFSsVANSVAT s VEXVIASVIE
DATA VIMsVOWsYAK s YAMs YENs YES,YET
[DATA YOUs WAL WAG y WAN s WAR  WAS WAX
DATA WAYWERsWED WET s WHO S WHY S WIG
DATA WINSWIT WOE WONSWRY ZIFsFIR

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
automatically provide a summary before each guess, change
line 500 to read

500 GOSUB 1000:PRINT:INPUT“YOUR GUESS (OR Q)”;P$

2.

The maximum number of guesses allowed, M, can be changed
in line 150. You may wish to increase it in conjunction with
Suggested Project 2. You might decrease it to free some
memory needed for other program additions. The current
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

- Modifying the data list of legal words is fairly easy. Our cri-

teria for legal words was as follows: they must have three
distinct letters and not be

— capitalized
— abbreviations
— interjections (like ““ugh”, “hey” etc.)

9 4¢

— specialized words (like “ohm”, ‘“sac”, “‘yaw” etc.)
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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

The list is limited to about 460 words before an 8K PET will
run out of memory.

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. If you should ever reduce N below
the value of V, redefine V to this new value of N. V, like N, is
defined in line 150. (The array shuffling routine at line 2200

assumes N will have a value of at least 100.)

MAIN ROUTINES

150-170
200-330
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

Dimensions arrays.

Initializes new game.

Human guesses at the PET’s word.

PET guesses.

Evaluates human’s possible secret words. Moves
them to the front of A$—BS 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 Q’th element of A$—B$ array.

Sets P’th element of A§—B$ array to PS.

Shuffles A$—B$ array randomly.

Swaps elements A and B in the AS—B$ array.
Breaks word Q9 into separate letters.

Fills A$S—BS$ array from data.

Post-mortem after PET wins.

Post-mortem after human wins.
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3600-3610
5000- 5520
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Error routine - too many guesses.
Data.

MAIN VARIABLES

N

\%

M

AS$

B$
G1§,G2%
H1,H2

G1,G2
M$
M1$.M2§,
M3$
P$,Q$
L

F

H

K

AB
J>P,Q

Total number of data words.

Size of A$ array (250).

Maximum number of guesses allowed.
String array holding first V data words.
String array holding last (N—V) words.
String arrays of human’s, PET’s guesses.
Arrays of human’s, PET’s hits corresponding to
GI1§, G2§.

Current number of human’s, PET’s guesses.
PET’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.

Formatting variable used in the summary display.
A$—BS$ array locations to be swapped.
Temporaries; array and loop indices.

SUGGESTED PROJECTS

1. Additional messages during the course of the game can per-
sonify the program even more. After the PET 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 Lis the number of words to which the computer
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.
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2. Incorporate a feature to allow the loser to continue guessing
at the other’s word. The summary display routine will
already 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.

3. Try to speed up some of the program execution. It is slow
during the initial array shuffling and after finding out how its
first few guesses did. There are several reasons for this. One is
that PET Basic allows a maximum array size of 255. This
forces keeping the words in two ‘‘continuous’ arrays, namely
A$ and BS$. Much time is ““‘wasted” in checking which array
an element is in. Try digging into the internal workings of the
program with an eye toward lowering the execution time.
Happy hunting!
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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 deter-
mine the better player.

HOW TO USE IT

The object of the game is to keep moving longer than your
opponent 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, X, A, or D, respectively. The player on the right
does the same by using the keys for 8, 2, 4, and 6. Find these
keys on your PET’s keyboard and you will see the logic behind
these choices.
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The first time either player bumps into the wall surrounding
the playing field or the obstacle wall built by either player, he
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
opponent 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
inhibit the computer from recognizing a move your opponent
is trying to make. Once in a while, only one key will be recog-
nized when two are hit at once.

SAMPLE RUN

NAME OF PLAYER ON LEFT? TOM
PLAYER ON RIGHT? PHIL

The program starts off by asking for the names of the two players.
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2" "e"n """ e " n " e " """ RN A0 8 e

R N e e

The program draws the playing field and waits for a key to be pressed.

TOM WINS!

The program redraws the playing field and starts both players movingin a
random direction (in this case, both start moving to the left). Phil (on the
right) doesn’t change directions soon enough and crashes into the wall,
making Tom the winner.
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PROGRAM LISTING

100
110
120
125
130
140
150
155
160
165
167
179
180
190
200
205
210
220
230
240
245
230
295
260
265
270
280
290
300
310
320
330
349
350
400
410
420
430
440
450
460
479
480
499
600
610

REM: OBSTACLE

REM: COPYRIGHT 1978 BY TOM RUGG AND PHIL FELDMAN
X=RNI{ -TI )IGOSUB 600

PRINT CHR${147 )IPRINT

FRINT TAB(15)5CHR$(18);"OBSTACLE"
PRINTIPRINT

PRINT TAB{9)i"HIT ANY KEY TO START®
=90
AX=102AY=121BX=291BY=121A=86 k=102
5=327681E=127 LAD=INT( 4XRNIC 1) )+1
BO=INT(4XRNIK 1) )41

GOSUR 900:GOSUR 950

GET R$:IF R$="" THEN 180

FRINT CHR$(147)3

GOSUR 950 :GOSUR 200

FOR J=1 TO 10:GET R$INEXT

X=AX 1Y=AYD=ADIGOSUR 1000

AR=R {AX=X1AY=Y
X=R¥1Y=RY:D=REI{GOSUE 1000

BR=R {BX=X{BY=Y

IF AR=1 OR BR=1 THEN 400

GOSUER 200

FOR J=1 TO 10

GET R$

IF R$="W" THEN AD=1

IF R$="X" THEN AD=2

IF R$="A" THEN AL=3

IF R$="D" THEN AD=4

IF R$="8" THEN BIl=1

IF R$="2" THEN BII=2

IF R%$="4" THEN Bl=3

IF R$="4" THEN BD=4

NEXT

GOTO 210

GOSUR 700 i X=AXIY=AY

IF BR=1 THEN X=BXiY=KY

FOR J=1 TO 15

FOKE S+40%Y+Xs2Z

FOR K=1 TO 200 NEXT

FPOKE S+40%Y+XsZ+128

FOR K=1 TO 200 INEXT

NEXT

FOR J=1 TO 20:GET R$INEXT

GOTO 125

FRINT CHR${(147)

INFUT"NAME OF PLAYER ON LEFT"3A%
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629
630
640
700
719
720
730

740
730
760
900
710
920
950
760
970
780
790

FRINT

INFUT"PLAYER ON RIGHT" B¢

RETURN

FRINT CHR$(19)s

FOR J=1 70 12

FPRINT CHR$(17 )INEXT

IF AR=1 AND BR=1 THEN PRINT"YOU BOTH LOSE!";:
RETURN

Ré=A%1IF AR=1 THEN R$=R$%

PRINT R$35" WINS!";

RETURN

FPORE (S+40XAY1HAX)sA

POKE (S+40XBY+BX )R

RETURN

FOR X=0 TO 39

POKE S+XsEIPOKE S+880+XsE

NEXTIFOR Y=0 TO 22

POKE (S+40XY)sEIPORE (S+40%Y+39)sEINEXT
RETURN

1000 IF D=1 THEN Y=Y-1

1010 IF [=2 THEN Y=Y+l

1020 IF D=3 THEN X=X-1

1030 IF D=4 THEN X=X+1

1040 R=0

1050 IF PEEK(SH+40XY+X)<{>32 THEN R=1

1069

RETURN

EASY CHANGES

1.

2.

To speed the game up, change the 10 in line 255 to a 5 or so.
To slow it down, make it 15 or 20.

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

To make the players always start off moving toward each
other, use this statement instead:

168 AD=4:BD=3

. You can change the graphics characters used in the display.

tH)

To change each player’s “marker,” change the value of A
and/or B in line 160 from their current values of 86 and 102.
A is the player on the left, B is on the right. Some good num-
bers to try are 81, 83, 87, 90, and 160.
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4. To change the length of time that the final messages are dis-
played after each game, modify line 420. Change the 15 to 5
(or so) toshorten it, or to 30 to lengthen it.

MAIN ROUTINES

120-170
180-200
210-250
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-dis-
plays 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 POKE’s 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
AD,BD

R$
XY
AR,BR
AS$,BS

1K

Coordinates of player A’s current position.
Coordinates of player B’s current position.
A’s marker (numeric value of graphics character).
B’s marker.

Starting address of CRT memory area.

Current direction that A and B are going (1=up,
2=down, 3=left, 4=right).

Graphics character for edge of playing field.
Character being read from keyboard.

Temporary work coordinates.

Result of A’s and B’s moves (O=okay, 1=loser).
Names of players A and B.

Graphics character displayed when collision is
made (must be an integer from 0 to 127).
Subscript variables.
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SUGGESTED PROJECTS

1

. 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.

. 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.
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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 challanging as you wish.

HOW TO USE IT

The program begins with a short graphics display. It then asks
you for 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 narrow setting will be quite difficult and a wide one
relatively easy. Visibility can be set to any of four settings,
ranging from “‘terrible” 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 allowing only a brief look at the upcoming
road.

Having set road width and visibility, the race is ready to start.
The car, represented by an asterisk (*), appears on the road at
the starting line. A five-step starting light counts down the
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start. When the bottom light goes on, the race begins. The road
moves continually up the screen. Its twists and turns are con-
trolled randomly. You must steer the car accurately to keep it
on track.

The car is controlied with the use of two keys on the numeric
keypad. Pressing the 4 will cause the car to move to the left
while pressing the 6 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 consecu-
tive 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 PET 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 num-
ber of days. You might see how many days it takes you to goa
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
handicapping aid for two unequally matched opponents.

SAMPLE RUN
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ROAD WIDTH (3-12)7 6@

141

The program displays its logo and begins the short input phase. The opera-

tor selects to run a course with a 6 character road width.

ROAD WIDTH (3-12)? 6

B

—GO%

VISIBILITY (1-4)? 3

The operator selects fair visibility and the race is ready to begin.
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The car, represented by the asterisk (*), is on the starting line. The starting
light counts down the beginning of the race. When the last light goes on,
the race will be off and running.

YRYALERT Z3.M0ERSTTR § paves)
MIT 6 - GONTIME Rage

Qs -

The operator, steering the car from the keyboard, finally crashes. A dis-
tance of 72 miles is obtained on this leg for a total of 242 miles in 3 days
(legs). The options for continuing are displayed while the program waits
for the operator’s choice.
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PROGRAM LISTING

100
119
120
130
140
190
160
170
200
210
220
230
249
250
260
279
280
290
300
310
320
330
350
369
370
400
4190
420
430
449
450
460
470
480
490
500
alo

Lyl
G20

330
40
a0
400

610
620

REM ROADRACE

gEM ggPYRIGHT 1978 RY PHIL FELIMAN AND' TOM RUGG
=0 —nn

LC=.43RC=1-LC
R8=1671L5=183:LT=206IRT=205

L.s:u 4» :R$=u6n -

B=321PC=421EL=21ER=37

GOSUER 800

FRINT:PRINTIT=0IN=0

INFUT"ROAD! WIDTH (3-12)"s4

W=INT{W)ILIF W<3 OR W>12 THEN 210
FRINTIPRINT"VISIRILITY CONDITIONS"
FRINT" 1 - TERRIBLE"

FRINT" 2 - BADI"

PRINT" 3 - FAIR"

FRINT" 4 - GOOD" PRINT

INFUT"VISIBILITY (1-4)"35ViV= INT(v)

IF V<1 OR V=4 THEN 280
N=N+1:L=14IR=L+W+217=33808-120%V
C=INT({L+RI/2)41

FOR J=1 TO 26:GET Q$:GO0SUR 4600 INEXT
Q=KNI{ -TI)IGOSUR 700

Q=RND{ 1) IF Q-RC AND R<ER THEN GOSUE 640:GOTO 400
IF Q<LC AND L>*EL THEN GOSUR 420:GOTO 400
GOSUR 600

A=FCIGET Q&IIF Q$=L$ THEN C=C-1
IC=Z+CIIF B$=R$ THEN C=CH1

Q=FEER(ZCIIIF Q<R THEN A=170

FORE ZCsAIF A=FPC THEN 350

H=TI-HIIF H<O THEN H=H+35184000
H=INTCH/10 )i T=T+MIFRINT

FRINT"YOU WENT"iM"MILES FOR A"
FRINT"TOTAL OF"5T7"MILES IN"iNi"DAY(S)" IPRINT
FRINT"HIT ‘€’ - CONTINUE RACE"

FRINT" ‘R’ - RESTART RACE"

FRINT" ‘8 - QUIT

GET Q$!IF @$="C" THEN 300

IF Q%<x"R" AND @%<3>"Q" THEN 510

FRINT: FRINT"QUERAGE MILES PER DAY="§T/N
IF G%="R" THEN 200

END

FRINT TAR(L)sCHR$(RS)SCHR$(RS)s TAR(R)I{CHR$(LS )}
CHR$(15)

RETURN

FRINT TAR(L)FCHR$C(LT )sCHRH(LT)FTAR(R-1)j

CHR$(LT )SCHR$CLT)
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&30 L=L-1IR=R-1IRETURN

640 FRINT TAB(LH1)3CHR${(RT)ISCHR$(RT s TAB(R )}
CHR$CRT )iCHR$(RT)

630 L=L+1IR=R+1!RETURN

700 A=FCIPORE Z+CsAIP=Z-232:FPOKE P,85

710 FOKE FH1+641FPOKE FP+2,73

720 FOR J=1 TO SIPORE P+40%Js93

730 FORE PH40%JH1,871POKE P+40%J42,93

740 NEXTIPOKE P+240,741FO0KE F+241,64

750 FOKE F+242,750F0R J=1 TO 900 INEXT

760 FOR J=1 TO SIFOR K=1 TO 400 INEXT

770 PORE FH1+40%J81INEXT

780 H=TI{RETURN

800 DIM IM{9)IL=141R=22!PRINT CHR$(147);

810 FOR J=1 TO 9IREAD D(J)INEXT

820 DATA 1B+15:154+18+1:3+5442

830 FOR J=1 TO 2:GO5UR &00 INEXT

840 FOR J=1 TO 3:COSUR 640INEXT

850 FOR J=1 TO SIGOSUR 420 INEXT

860 FOR J=1 TO 10!GOSUER 640 INEXT

870 F=32786IFOKE F.PC

880 FOR J=1 TO 500 INEXT

890 FOR J=1 TO 2!F=F+401GOSUB 950 {NEXT

200 FOR J=1 TO 3IF=F+411GOSUR 950 INEXT

?10 FOR J=1 TO 4:1P=P4+39:GOSUR 950 INEXT

920 P=F+40:GOSUR 950

93¢ FOR J=1 7O ?i{FP=F+411G0OSUB 950

740 FOKE FyD{J)INEXTIFRINTIRETURN

950 PORE FsFCIFOR K=1 TO S0INEXT!RETURN

960 POKE FyPCIFOR K=1 TO 50 $NEXT IRETURN

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 are left-
handed or find that two widely separated keys would be
more convenient. The changes are to be made in line 150.
Left and right movements are controlled by the two string
variables L$ and RS. If, for example, you wanted A to cause
a left move and 3 to cause a right move, change line 150 to
read

150 L§="A":R$=“3”
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,
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make LC smaller. A value of 0. will produce a completely
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
windier road, you might change line 130 to read

130 LC=0.45:RC=1-LC
MAIN ROUTINES

120-170 Variable initialization.

200- 290 Gets road conditions from user.
300-330 Initializes the road.

350-370 Determines the next road condition.
400-430 Updates the car position.

440 - 550 Processes end of race day.

600 - 650 Draws next road segment.

700- 780 Graphics to begin race.

800 - 960 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.

L$,R$ String characters to move car left, right.

L,R Position of left, right side of road.

LC,RC Random value cutoff to move road left, right.
EL,ER Leftmost, rightmost allowable road position.

THZE2 <=

Q$ User replies.
C Position of car.
7,2C POKE arguments for car location.

RS,LS, Arguments of CHRS for road segments.
LT,RT

B,PC POKE arguments for graphics.
AP POKE arguments.
D Array of POKE arguments for display message.

JK,Q Loop indices and work variables.
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SUGGESTED PROJECTS

1. Write a routine to evaluate a player’s performance after each
collision. Display a message rating him anywhere from
“expert” 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.

2. 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.

3. Add physical obstacles or other hazards onto the road in
order to increase the challenge. These can be done with
appropriate POKE statements before the various RETURNs
in lines 600-650. Warning: Be sure the address arguments of
any POKEs lie between 32768 and 33767. Anything else
may result in hanging up your system. The program will
recognize a collision if the car moves into any non-blank
square.
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PURPOSE

Wari is an old game with roots that are even 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 offshoots.

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 because 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, starting
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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 beginnning 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
opponent with no moves on his next tum. 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
accumulate 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
thirty 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).

If you accidentally end the program by pressing the RETURN
key without first entering your move, remember that you can
continue the program by using Basic’s CONT command. It’s a
good idea to move the cursor up a couple of lines before using
this command, however, to avoid causing the screen to roll up.
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SAMPLE RUN

HARII

COMPUTER

18 9 8 CAP TURED

12 11 ?
e e [ o] comorens
ENENENERCHEn R

1 2 3 4 S )

Yyou
HWANT TO GO FIRST? YESE

149

The program starts off by drawing the playing “board’’ and asking who

should move first. The operator decides to go first.

COMPUTER

11 10 9 CAPTURED

COMPUTER ©

you 8

YOUR MOVE? S
THINKING....

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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WHARTI

COMPUTER
12 11 18 9 CﬂPTURED

o o [ o o] comner

e Jajafa]  vouu
1 3 4 S 6
Yyou

YOUR MOVE? 3
THINKING. .

2

Later in the same game, the computer is about to move square number 12,
which will capture two more stones and win the game.

PROGRAM LISTING

100
110
120
130
140

150

150
170

180
190

195
200

210
220
230

REM? WARI

REM: COPYRIGHT 1978 BY TOM RUGE AND PHIL FELIMAN
J=11K=1i0=14{F=131F=3010=12

DI TCQYYCRIWRIPUE)PECE ), BIQ)

WA=RNIK -TI ) IWE=RNIK 1 ) WR=UR/Q WA=, 25+WEL
Wh=,25-WRIGOSUR 750

FOR J=1 TO DIB(J)=4INEXTIB{F )=01R{Q)=0 {MN=0
GOSUR 1200:GOSUR 900

GOSUR 990 (INPUT"WANT TO GO FIRST"ik$

GCOSUR 990 ¢FRINT DS IR$=LEFT$(REs1)0

IF R$="Y" THEN 230

IF R$<>"N" THEN 1690

GOSUR 1050¢PRINT D$7D4$:041G08UR 10508

FRINT" THINKING" 7 tGOSUR 3510

IF M<1 THEN 2000

GOSUR 1050 iFRINT D$:GOSUR 10501

FRINT"MY MOVE IS"iM

FOR J=1 TO QIT(J)=ROJ)IINEXTIGOSUR 350

FOR J=1 TO GiRCJI=TCJIIINEXTIGOSUR 900

IF R(Q)24 THEN 280
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240
250

260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480

490
W0
310
320
530
540
350
360
a70
580
390
600
610
620
630
640
650
660
670

480

GOSUR 1000IPRINT"I WIN!";D$:GOTO 810
GOSUR 990 IPRINT [$7D0$IGOSUR 9908

INFUT" YOUR MOVE" iR$

H=INTC(VAL(R$))LIF M6 OR M<1 THEN 330

FOR J=1 T0 QITCJ)=RCJIINEXT

GOSUER 350:IF M<0 THEN 330

FOR J=1 TO QIBCJ)=T(JIINEXT
MN=MN+1:GOSUR 200

PRINTIIF B(P)<24 THEN 190

GOSUR 1050 PRINT"YOU WIN!*;D4360T0 810
GOSUE 990 IFRINT TAR(15)5CHR$¢18)5"ILLEGAL"
FOR J=1 TO 3000INEXTIGOTO 250

IF T(M)=0 THEN M=-11RETURN

Re="H"1IF M>& THEN R$="C"!60TO 380

FOR J=1 TO QIY(J)=TCJIINEXTLGOTO 400

FOR J=1 T0 6:YCI)=TCJ+E ) IY(J+6)=TC J ) INEXT
YOF)=TCRNRY(R)=T(P )i N=M-4

C=MIN=Y(C)IFOR J=1 TO N:C=C+1

IF C=F THEN C=1

IF C=M THEN C=C+1:GOTO 410

YOO )=YCO HLINEXTEY(M)=0tL=C

IF L<7 OR YCL)>3 OR Y(L)<2 THEN 4490

YOP =YCP HYCL IYCL =0 tL=L-1:GOTO 440
S5=0L{FOR J=7 TO DIS=8+Y(J)IINEXT

IF 5=0 THEN M=-2!{RETURN

IF R$="H" THEN FOR J=1 TO @3TC(J)=Y(J)INEXT?
RETURN

FOR J=1 TO &:TCJ)=YCIH6 IITCI4+6 )=Y( J ) INEXT
TCRI=Y(P)IT(P)=Y(Q)IRETURN

FOR A=1 T0 6iM=A+4

IF B(M)=0 THEN E{A)=-F!GOTO 690

FOR J=1 TO Q:T¢J)=B(J)INEXT{GOSUR 350

IF M<0 THEN ECA)=-Fi1GOTO 690

IF TCQ)X>23 THEN M=A+6RETURN

FOR J=1 TO Q:WC(J)=TCJIINEXTSFOR K=1 TO &
IF T(K)=0 THEN V(K)=Fi1GOTO 470

FOR J=1 TO QIT(J)=W(.JIINEXT M=K COSUR 350
IF M<0 THEN V(K)=FiGOTO 670

FA=0 tFB=0!FC=0FD=03FOR J=7 TO D
FE=FB+TCJINIF T(J)>0 THEN FA=FA+1

IF T{J)<3 THEN FC=FC+1

IF TCJ)HFDI THEN FD=T(J)

NEXTIFE=FBIFOR J=1 TO 6:FE=FE+T(J)INEXT
FA=FA/&6 FI=1-FII/FBIFC=1-FC/4 {FR=FB/FE

VUK =WAXC FAHFE )HWEXCFCHFD ) T(R M B(P )-R(B)-T(F)
NEXTIECA)=FIFOR J=1 TO &:

IF UCJ)ECA) THEN ECA)=V(J)

NEXT

151
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690 FRINT"." 7 INEXTiN=01A=-FIFOR J=1 TO &
700 IF E{J)=A THEN A=E(J)IH=J+é
710 NEXTIRETURN
730 A$=" "IFOR J=1 TO 241A%=A$+CHRS( 164 )INEXT
760 B$=CHR${ 167 )IFOR J=1 TO &!B$=R$+"  "+CHR$( 1467 )}
NEXT
770 C$=CHR%{ 147 )IFOR J=1 TO é
780 C$=C$+CHR${ 164 )+CHRS( 164 MHCHR$( 164 1+CHR$C 184)
790 NEXTiD$=" "IFOR J=1 TO S:iD$=D$+04 INEXT
800 RETURN
810 PRINTIJ=ARS(B(F)-B(Q))IIF J<10 THEN 830
820 PRINT"IT WASN'T EVEN CLOSE!"IGOTO 840
830 PRINT"GOOD GAME!"
840 PRINTIINFUT"WANT TO PLAY AGAIN"iR$
850 Re=LEFT$(R$,1)IIF R$="Y" THEN 140
Bod IF R$<>"N" THEN 840
870 PRINTIPRINTIFRINT"SEE YOU LATER"
860 PRINTIFRINTIEND
900 PRINT CHR$(19)s
710 FOR J=1 TO 4I1FRINT CHR$(17)INEXT
920 FOR J=0 TO SIPRINT TAB(4%J+1)3R(12-J)352
IF BC12-J)=0 THEN GOSUR 1100
930 NEXTIFRINT TAR(Z7)i"COMPUTER"FR(Q)
940 PRINT CHR$(17)IFOR J=0 TO 5
750 PRINT TARCAXJH1D)FBCJ4H1)5
IF BCJH1)=0 THEN GOSUR 1100
960 NEXTIPRINT TABC32)5"YOU"iR(F)
970 RETURN
990 PRINT CHR$(19);
1000 FOR J=1 TO 9:PRINT CHR${17)INEXT
1010 RETURN
1050 GOSUE 990 iPRINT CHR$(17)IRETURN
1100 PRINT CHR$(137)5" "4
1119 RETURN
1200 PRINT CHR$(147)5TARC16):"W A R 1"
1210 PRINT TAB(1S)SLEFTS$(A$,8)IPRINT
1220 PRINT TAB(8);"COMFUTER" IPRINT
1230 FOR J=0 TO SIPRINT TABCAXIF1)512-J5 INEXT
1249 PRINT TAB(30);"CAFTURED"?:
PRINT A$STAB{29)5LEFT$(A$,9)IFOR J=1 T0O 2
1250 PRINT B$IPRINT B$IPRINT CHINEXTIFRINT
1240 FOR J=0 TO SIFRINT TABC4XJ+1)5.J415 INEXT
1270 PRINTIPRINTIFRINT TAR(C11)5"YOU"
1380 PRINTIRETURN
2000 PRINT"NO LEGAL MOVES,"
2010 PRINT"GAME IS A DRAW."
2020 GOTO 8490
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EASY CHANGES

1. Change the length of time the ILLEGAL message is displayed
after an illegal move is attempted by changing the number
3000 in line 340. Double it to double the length of time, etc.

2. Want a faster moving game against an opponent who isn’t
quite such a good player? Insert the following two lines:

486¢ 555 GOTO 600 44"
L5665 E(A)=V(K):GOTO 690 5ovoo

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 only look 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.

3.1If 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:

sere 690 PRINT E(A);:NEXT:M=0:A=~F:FOR J=1 TO 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 mpve 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.

MAIN ROUTINES

120- 150 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. Dis-
plays new board position.

310-320 Determines if operator’s move resulted in a win.
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330- 340
350- 500
360-390

400- 430
440- 450

460-470
480 - 500
510-710
750- 800

810-880
900-970

990-1010

1050

1100-1110

1200- 1280

2000 - 2020

BASIC Programs for the PET

Displays message if illegal move attempted.
Subroutine to make move M in T array.

Copies T array into Y array (inverts if computer
is making the move).

Makes move in Y array.

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.

Evaluates final score. Asks about playing again.
Subroutine to display stones on board and
captured.

Subroutine to move cursor to “YOUR MOVE”
position on screen.

Subroutine to move cursor to “MY MOVE”
position on screen.

Subroutine to backspace cursor one space and
display one blank character.

Subroutine to display Wari board (without
stones).

Displays messages when computer has no legal
move.

MAIN VARIABLES

JK
QPF.D
T,Y,W
\%

WA,WB
MN

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
possible replies to computer’s move being con-
sidered.

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.
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RS

FA

FB
FC
FD

FE
AS$,B$,C$

D$
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Operator’s reply. Also used as switch to indicate
whose move it is.

Move being made (1 - 6 for operator, 7 - 12 for
computer). Set negative if illegal.

Subscript used in dropping stones around board.
Last square in which a stone was dropped.

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
computer’s number of occupied squares).

Second evaluation factor (total stones on compu-

ter’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.

Strings of graphics characters used to display the
Wari board.

String of thirty-two 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 the 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.

2. 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.

3. Change the programsoit 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 PET is an amazing machine. It has special graphics capa-
bilities not found on other similar computers. Programs in the
other sections of this book take advantage of these graphics to
facilitate and * splce up’’ their various output. Here we explore
the use of the PET’s graphic capabilities for sheer fun, amuse-
ment, and diversion.

Ever look through a kaleidoscope and enjoy the symmetric
changing patterns produced? KALEIDO will create such effects
with full eight point symmetry.

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
PET’s graphic abilities. This program will keep you entertained
with an example of computer animation.
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KALEIDO

PURPOSE

If you have ever played with a kaleidoscope, you were pro-
bably fascinated by the endless symmetrical patterns you saw
displayed. This program creates a series of kaleidoscope-like
designs, with each one overlaying the previous one. The designs
are symmetrical about eight axes—can you find them?

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.

By the way, it is a little misleading to say that the designs
you see are symmetrical. It is more accurate to say that the
positions occupied by the individual graphics characters are
located symmetrically. The overall design is usually not com-
pletely symmetrical, since the individual graphics characters are
not themselves symmetrical. The characters on the lower half of
the design would have to be the upside-down equivalent of the
corresponding characters on the upper half for that to be true.

Have a few friends bring their PETs over (all your friends do
have PETs, 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

- ua l.l‘l
)
.l
;

"

p>DPPIPId
>3 > P2

(]
.l.l.lll'l

Gk BEREARN
TLrrerery

6666666

P A2 HNAY

eheeeye ¥ N ‘.I':-I.I.:.:.

L ..- -. x uun "y
R R
o Pl o ol
' WTatete POPE B,
S N Jepe

R 29 AR

" e pe =on,

One of the patterns generated by the KALEIDO program.

PROGRAM LISTING

100 REM! KALEIDOSCOFE

110 REM! COPYRIGHT 1978 BY TOM RUGG AND' PHIL FELDMAN
120 R=RNI{ -TI)IPRINT CHR$(147)

130 A=191B=1215=3276810=-1

135 H=63

140 DBIM R(6)

150 FOR J=0 TO &

160 T=65

165 IF RND(1)>.5 THEN T=T+128

17¢ ROJI=INTCMARNIC 1) MTINEXT

180 D=1:K=1:L=121IF D0 THEN K=12iL=1

200 FOR J=K TO L STEP B :

210 X=A+J:Y=RICOSUR 900

220 X=A

X=A-.J:GOSUB 900
230 X=AlY=B+JIGOSUR 900
240 Y=B-JIGOSUR 900
230 X=A+J1Y=R+JIGOSUBR 900
260 X=A-JiY=R-JIGOSUR 900
270 Y=R+JiGOSUR 900
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280
790
794
80¢
200
710
92¢
930
940

950

970
980
$70

X=A+J{Y=B-JIGOSUB 900

NEXT

FOR J=1 TO 2000 INEXT J

6OTO 150

FOKE S+40XY+XsR(0)

IF J=1 THEN RETURN

W=INTCIK 5 )t T=d-W-1

FOR N=1 TO W

IF X=A THEN Y2=YIX2=X+NIGOSUB 2000 %X2=X-N!
GOSUR 2000 ¢NEXT tRETURN

IF Y=R THEN X2=X:{Y2=Y+NIGOSUB 2000 :Y2=Y-N:
GOSUE 2000 ¢NEXT tRETURN

Y2=YIIF X<A THEN X2=X+N:GOSUB 2000:G0TO 990
X2=X-N:GOSUE 2000

X2=X3IF Y<E THEN Y2=Y+N:GOSUE 2000:GOTO 1010

1000 Y2=Y-NIGOSUER 2000
1010 NEXT

1020 RETURN

2000 POKE SH40XY24X2yR(N)
2010 RETURN

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 drawing 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 designs 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= Sand T= 76
or M=30andT= 76
or M=12andT=116

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. Simi-
larly, you can increase the frequency of use of reverse graphics
characters by lowering the .5 to .1 or .2.
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5. 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 toa 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

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.
POKEs graphics character into axes of design,
then determines coordinates of points between
axes.

2000-2010 POKEs characters between axes (subroutine).

MAIN VARIABLES

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 charac-
ter to be used.

Inner and outer bounds of design (distance from
center).

Coordinates of character being POKEd on hori-
zontal, vertical, or diagonal axes.

Coordinates of character being POKEd between
horizontal, vertical, and diagonal axes.

Number of possible graphics characters to choose
from, not counting reverses.
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SUGGESTED PROJECTS

Modify the program to use the entire 40 x 25 area of the
CRT screen, instead of just a 24 x 24 area in the center.
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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 concentric diamond shapes in the center of the screen.
Although the pattern is 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
character that is spaced equally across the screen. The spacing
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 10 to 30.

After the second type of pattern is complete, the program
goes back to the first type, which begins to overlay the center
of 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 PET,
then sit back and watch the results of your labor.
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SAMPLE RUN

*424444
{44l

4444

v

rer
.

[ N
AL
pna!

.\;
N | N
na

4 41
448,41

One of the patterns generated by the SPARKLE program.

PROGRAM LISTING

100 REM! SFARKLE

119 REM! COFYRIGHT 1978 BY TOM RUGE AND PHIL FELDMAN
120 R=RNIK -TI)IFRINT CHR$(147)

130 DIM A(12)yBO1Z2)A=19:R=1218=32748
140 T=INT(374¥RNDC1))+66

150 FOR J=0 TO 123ACJ)=JiBCJ)=JINEXT
160 FOR J=0 TO 12IR=INT(13XRNI{ 1))
170 U=ACI RACT=ACRIIACR )= INEXT

180 FOR J=0 TO 12!R=INT({13%RNIK 1))
190 W=R{JNERCII=RORIIBOR )=WINEXT

200 FOR J=0 TO 12:FOR K=0 7O 12

210 R=ACJ NU=R(K)IC=R+W+T

240 ¥=A+RIY=R+WIGOSUR 900

250 Y=R-WIGOSUR 900

260 X=A-RIGOSUR 900

270 Y=R+WIGOSUE 900

280 X= tY=R+RIGOSUR 900

290 Y=B-RiGOSUR 700

300 X=A-WIGOSUE 900

=A-R
=R 4U
AU
B-R
W
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310
320
350
400
410
420
430
440
450
460
479
480
00
9190

Y=R+R1GOSUR 900

NEXT INEXT

FOR J=1 TO 2000 ¢NEXT
N=45iM=63

FOR J=1 TO INT(21%RNI{1))+10
R=INT{ 22XRNDC 1) )41 I W=INTCMRNIC 1))
T=54IF RND{1)>,8 THEN T=T+#1
FOKE SsyN+W

FOR K=T TO T+999 STEF R

FPOKE KyN+WINEXT

NEXT

GOTO 140

POKE S5+40XY+XsC

RETURN

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
Or, eliminate the second type of pattern by inserting:
' 360 GOTO 140

. Increase the delay after the first type of pattern by increasing

the 2000 in line 350 to, say, 5000. Remove line 350 to
eliminate the delay.

. Increase the number of sweeps across the screen of the second

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 of
sweeps by changing the 10 to a 1, and also changing the 21 in
line 410 to 5 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 values of N and M in line 400 to alter the graphics

characters used in the second type of pattern. For example,
try
N=76 and M=5
or, N=120 and M=8
Be sure that N is at least 65, and the sum of N and M is no
more than 128.
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MAIN ROUTINES

120- 130
140-320
150-190

200-320

350
400 - 480

900-910

Initializes variables. Clears screen.

Displays square pattern in center of screen.
Shuffles the numbers O through 12 in the A and
B arrays.

POKEs graphics characters to the screen.

Delays for about 2 seconds.

Overlays the entire screen with a random graphics
character spaced at a fixed interval chosen at
random.

Subroutine to POKE graphics character C to loca-
tion (X,Y). Upper left corner of screen is location
(0,0).

MAIN VARIABLES

Random integer. Also, work variable.

Arrays in which shuffled integers from O to 12
are stored for use in making first type of pattern.
Coordinates of center of screen (19 across, 12
down).

Address of beginning of screen.

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.

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.

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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PURPOSE

This is another graphics-display program. It draws a series of
concentric squares, with the graphics character used for each
square 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. The speed at which each set of squares is drawn
fluctuates to provide another dimension to the designs.

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

AT

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

One of the patterns generated by the SQUARES program.

PROGRAM LISTING

100 REM: SQUARES

110 REM: COFYRIGHT 1978 RY TOM RUGE AND FHIL FELDMAN
120 J=RNIK -TI)IPRINT CHR$(147)

130 GOSUR 600 IN=1IR=INT(SOXRND(1))

140 C=INT(PSXRNIC1))+160

150 PRINT CHR$(146);

160 IF RENIK1)>.5 THEN PRINT CHR$¢18)j

170 X=CiY=01K=NIGOSUR 700

180 N=N+1

190 ¥

200 Y
210 N=
220 Y=17IN=NIGOSUR 8090

230 IF N<22 THEN 140

240 GOTO 130

600 K=111X=291Y=291Z=17

610 PRINT CHR$(19):GOSUR BOOIRETURN
700 FOR J=1 TO KIGOSUER 906

tZ=157 1k=Ni1GOSUR 800
6

3
7 1GOSUR 800
1

SEL R AU I o

N
1
1
N
1
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710 PRINT CHR$(X)3CHR$(Y )5 INEXTIRETURN
800 FOR J=1 TG KiGOSUE 2090

810 PRINT CHR$(X)FCHR$(Y)iCHR$(Z)?

820 MEXTIRETURN

900 FOR W=1 TO RINEXTIRETURN

EASY CHANGES

1. To eliminate the variable speed feature of the program, insert
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 dis-
play, remove line 160.
3. To make the patterns less regular, try inserting these lines:

802 D=0:1F INT(J/2)=]/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
control 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.
700-710 Subroutine to do K repetitions of printing CHR$
of Xand Y.

800 - 820 Subroutine to do K repetitions of printing CHR$
- of X, Y, and Z.
900 Delay subroutine.
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MAIN VARIABLES

LKW
N
R
C
X,Y,Z

Work and loop variables.

Length of the side of the square being drawn.
Random number from 0 to 49 for time delay.
ASCII value of graphics character.

ASCII values of characters being printed by sub-
routines. Can be cursor control characters or
graphics characters.



WALLOONS

PURPOSE

The PET is quite a versatile machine. This program takes
advantage of its powerful graphics capability to produce com-
puter animation. That’s right, animation! WALLOONS will
entertain you with a presentation from the Pet Playhouse.

The Pet Playhouse 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 Playhouse 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 curtain is about to go up.

Applause might be appropriate if you enjoy their performance.
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

PET PLAYHOUSE
PROUDL Y

PRESENTS

The billboard announces a new presentation of the (in)famous PET
Playhouse.

THE FLYING WALLOONS

““The Flying Walloons'’ are to perform!
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The walloons attempt a dangerous trick from their repertoire.

PROGRAM LISTING

100
110
150
200
210
220
230
240
250
260
270
280
290
400
410
420
430
440
450
460
470

REM WALLOONS

REM COPYRIGHT 1978 BY FHIL FELDMAN AND TOW RUGG
NJ=3

GOSUR 1900:FOR J=1 TO 7IFRINTINEXT
A=329781FOR J=0 TO 18IFOKE A+Js127
NEXTIFOR J=0 TO 10IFOKE A+18+40%J,127
NEXTFOR J=0 TO 10:FPOKE A+40%kJs127

NEXT tFOR J=0 TO 18IFOKE A+400+J,127

FOR J=0 TO 18:FOKE A+400+J, 127 INEXT
GOSUR 1920

FRINT TAB(13):"PET FLAYHOUSE™ IPRINT
PRINT TAR(146)3"PROUDLY" IPRINT

PRINT TAB(15)#"PREBENTS"

GOSUR 1920:1G08UR 1920 IPRINT CHR$(1%)

FOR J=1 T0 F:FRINT CHR${17)5 INEXT

FOR J=1 TO 13!FRINT CHR$(29)5 INEXT

FOR J=1 TO 13IPRINT"-"#1FOR K=1 TO 300 INEXTINEXT
GOSUR 192016G05UE 1929

GOSUER 19004FO0R J=1 TO 10IFRINT CHR${17 )3
NEXT $PRINT TAR(10)3"THE FLYING WALLOONS®
GOSUE 19201GOSUR 1920
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300 A=33383:1C0SUE 1900:G0OSUE 1709

910 GOSUER 1920:1G05UR 19220

920 FOR A=33370 TO 33382:{GOSUR 1800

330 GOSUER 1850 INEXT(GOSUR 1800

600 GOSUR 1920

610 A=328761R=(0

620 FOR Q=A+138 TO A+171IFOKE GQ-79iNEXT
630 FOR L=1 TO 2000INEXT

640 A=32886:C0OSUR 1800IGOSUR 1920

650 FOR A=32886 TO 328746 STEFR -1

660 FOR L=1 TO 10QINEXT

670 GOSUE 1800:GOSUR 1850INEXTIGOSUR 1800
680 GOSUER 19201GO5UE 1850 1A=A~1iG0SUR 1800
690 GOSUER 1920

700 GOSUER 1920:GOSUR 1850 1A=A+1G0OSUR 1800
710 GOSUR 18301A=A+11GOSUR 1809 1GOSUR 1920
720 POKE Ay81:GOSUR 1920 1GOSUR 19202
730 POKE A,B87:GOSUR 1920:1G0SUR 1920

740 FOR A=32876 TO 32872 S5TEF-1

730 GOSUE 1800:GOSUR 1850

760 FOR L=1 TO 100INEXTINEXTIGOTO 200
800 A=333B3IGOSUR 1700:1GO5UR 1800

810 GOSUE 1700

820 FOR A=33352 TO 32872 STEF -49

830 GOSUE 1800:GOSUR 1850 INEXT

840 R=R+1:IF R>=NJ THEN 1000

900 FOR A=32872 TO 33352 STEF 40

910 GOSUER 1800:1GOSUE 1850 INEXT

920 A=333921GOSUR 1900:GOSUR 1809

930 GOSUR 16090

940 FOR A=33343 TO 32863 S5TEF -4¢

950 GOSUR 18001GOSUR 1850 INEXT

960 FOR A=32863 TO 33343 STEF 40

970 GOSUE 18001GOSUR 1850 INEXT

980 GOTO 800

1000 A=A-39!GOSUE 1800:GOSUR 1850

1010 A=A+411C05UR 18003GOSUR 1850

1020 FOR A=32834 TO 33354 STEFR 40

1030 GOSUR 1B00:GOSUR 1830 INEXT

1040 A=33558IFOKE As87IFOKE A-1,9

1050 POKE A-41+931FOKE A+39,93!

1060 POKE A-2:90I{FOKE A-43,77

1070 POKE A+37,78

1080 GOSUE 17201GOSUR 192201G08UER 1700
1090 FOR J=1 TO SIFRINT CHR${17)INEXT
1100 PRINT TAR(18)#"FINIS"{GOSUR 1920
1110 GOSUR 19201G0SUR 17201END

1600 PORE A+110,99:FOKE A4+111+4%

1610 PORE A+112+4BIF0RE ATiI13,67
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1620
1630
1640
1650
1669
1670
1700

FORE A+114564 F0KE A+115.70
PORE A+116#82IF0ORE AT117+100
FOKE A+158597:F0OKE A+1G%9449
POKE A+1605A8IFORE A+161567
POKE A+155s2331F0KE A+154,223
RETURN

PORE A+123y1000F0ORE A+124,82

1710 PORE A+123:70IFORE ATI24544

1720 POKE A+137:67 FORE AF128:48

1730 POKE A+129y871FOKRE AT130.5%

1740 POKE A+15%95671FOKE A+140:48

1750 POKE A+1415691FP0KE AT1462.79

1760 POKE A+164+2331FORE A+165, 223 RETURN
1800 PORE AsB7(FOKE A+3Y:04(FORE A+40571
1810 FOKE At+41,5641 FG;E ATED T

1820 FOKE A+119y78iFORE A+121.77 IRETURN
1830 POKE 99323P0KE AT3P 32 LP0RE At40s32
1860 FORE A+41,321FORE A+80,32

1870 PORE A+119,321F0KE A+121,321RETURN
1900 PRINT CHR${147)IRETURN

1920 FOR L=1 TO 1000 INEXTIRETURN

EASY CHANGES

177

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=5

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, ‘“‘PET PLAYHOUSE” 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
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
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MAIN ROUTINES

150 Sets NJ.

200- 290 Displays title placard.

400-470 Removes “proudly,” displays rest of title.

500- 530 Moves first Wallooon 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 Subroutine to clear screen.
1920 Time delaying subroutine.

MAIN VARIABLES

NJ Number of jumps to make.
A Reference Poke location.
R Jump Counter.

JLK,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. To get
you started, here are the changes to produce one alternate
ending:

1000 GOTO 1200

1200 FOR A=32832 TO 32472 STEP —40
1210 GOSUB 1800:GOSUB 1850:NEXT
1220 GOSUB 1920:GOSUB 1900:GOTO 1090

One word of warning about this new coding. It intentionally
does some POKEs to addresses that are non-functioning on
4K and 8K PETs. This could cause problems only if you have
expanded your user memory up to a full 32K,

2. If you add some alternate tricks or endings as suggested in
the previous project, try randomizing if and when they will
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be done. Thus, the Walloons’ 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 Pet
Playhouse. Maybe someday we will have a complete software
library of performing artists.
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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 PET’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
discrete values of X and Y. CURVE finds a polynomial alge-
braic 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 modemn engineering work requires the solution of
differential equations. DIFFEQN will solve any first-order
ordinary 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

CURVE 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
occurs 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
formula 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! +C, X2 +.. . +CXP

to your data. You may select D, the degree (or power) of the
highest term, to be as large as 9. The constant coefficients,
C, - 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 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 magni-
tude 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
coefficient Cy. 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.

Once you have entered the desired degree, the program will
begin calculating the results. There will be a pause while this
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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 C, - C, are output. Also shown in 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
interested, the formula to calculate the percent goodness of fit
is

Y, - Y

P.G.F=100 * 1 - —
E_ (Yl - Y)2
1

where Yi are the actual Y data values, {/\1 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 fol-
lows.

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 con-
tinually 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
errors 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
painting 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 1979. What price
should the investor expect to have to pay to purchase the
painting? If he resold it in 1983, 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 repre-
sents $8000.)

SAMPLE RUN
- LEAST SQUARES CURVE FITTING -

ENTER A DATA PAIR IN RESPONSE TO EACH
QUESTION MARK. EACH PAIR IS AN X VALUE
AND A Y VALUE SEPARATED BY A COMMA.

AFTER ALL DATA IS ENTERED, TYPE
999 , 999
IN RESPONSE TO THE LAST QUESTION MARK.

THE PROGRAM IS CURRENTLY SET TO ACCEPT
A MAXIMUM OF 1f¢ DATA PAIRS.
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999,999
7 DATA PAIRS ENTERED

DEGREE OF POLYNOMIAL TO BE FITTED? 1

XX X X X X X X
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<< <<=<~<=<=<
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LAC BRIV RIS BETV REES B R

X POWER COEFFICIENT
g -48.27@1245
1 1.28722711

PERCENT GOODNESS OF FIT= 97.53420¢68
~— CONTINUATION OPTIONS -~

1 - DETERMINE SPECIFIC POINTS
2 - FIT ANOTHER DEGREE TO SAME DATA
3 - END PROGRAM

WHAT NEXT? 2
DEGREE OF POLYNOMIAL TO BE FITTED? 2
X POWER COEFFICIENT

g 38.475481
1 -1.83492574
2 .g27¢347151

PERCENT GOODNESS OF FIT= 99.9485752
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(continuation options displayed again)

WHAT NEXT? 1

ENTER 999 TO LEAVE THIS MODE

X=? 79
Y= 62.2u4fggu7

X=? 83
= 72.4187971

X=? 999
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(continuation options displayed again)

WHAT NEXT? 3
READY.

Initially, a first degree fit was tried and a goodness of fit of
about 97.5% was obtained. The investor wanted to do better,
so he tried a second degree fit next. This had a very high good-
ness of fit. He then asked for the extrapolation of his data to
the years 1979 and 1983. He found that he should expect to
pay about $62250 to buy the painting in 1979. Around a
$10000 profit could be expected upon resale in 1983.

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
decision. There is never any guarantee that financial data will
perform 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

100 REM CURVE
110 REM COPYRIGHT 1978 RY PHIL FELIMAN AND TOM RUGG
130 MX=100
160 EF=9979
170 Mb=9
200 DIM X{MX)sY(MX)
210 Q=MIMH1IDIM ACQQ)IRIRYV(Q)
220 Q=MDK2IDIM PR
300 PRINT CHR$(

147)5" - LEAST SQUARES CURVE FITTING -":iPRINT
310 PRINT"ENTER A DATA PAIR IN RESFONSE TO EACH"
320 PRINT"QUESTION MARK. EACH PAIR IS AN X VALUE"
330 PRINT"AND A Y VALUE SEPARATED RY A COMMA." IPRINT
340 PRINTIPRINT"AFTER ALL DATA IS ENTEREDs TYPE"
350 PRINT EFs#"s"#EF
360 PRINT"IN RESFONSE TO THE LAST QUESTION MARK."!

FPRINT
370 FRINTIPRINT"THE PROGRAM IS CURRENTLY SET TO*
380 PRIMNT"ACCEPT A MAXIMUM OF"#MX7;"DATA PAIRS."
400 PRINTIPRINT!J=0
410 J=JHLILINPUT" X Y="3X00 0 Y0
420 IF XCJ)=EF AND Y(J)=EF THEN J=J-11GOTO 450
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430

440
450
460

470
G900

ai0

320
330
340

330
600
610
62¢
630
6490
630
649

679
760
710
720
730
740

750

7560
770
780
800
810
820
830
840
850
860
700

920

IF J=MX THEN PRINTIFRINT"NO MORE DATA ALLOWED":
GOTO 450

GOTO 419

NP=JFRINT

IF NF=0 THEN

PRINT" XX FATAL ERROR! XX -- NO DATA ENTERED":STOP
PRINT NF3i"DATA PAIRS ENTERED" {PRINT

PRINT!

INFUT"DEGREE OF POLYNOMIAL TO BE FITTED";DMPRINT
IF [0 THEN

FRINT"XX ERROR! %% -- DEGREE MUST RE »= 0"}
GaTo 5900

I=INT{DO)IIF D<NF THEN 540

PRINT"XX ERROR! Xk -- NOT ENOUGH DATA"IGOTO 500
[2=2%00IF [:MD THEN

FRINT®X*¥ ERROR! %% -- DEGREE TOO HIGH":!GOTO 500
N=Ti+1

FOR J=1 TO D2IPCJ)=0IFOR K=1 TO NP

POI =PI XK INEXTINEXTLR( 0 )=Np

RO1=0IFOR J=1 TO NPIR(1)=R(1)4Y(J)

NEXTIIF N=1 THEN 640

FOR J=2 TO NIR(J)=0!FOR K=1 TO NP

ROT I=ROI HYCR XK IHCI-1 Y INEXT INEXT

FOR J=1 TO NIFOR K=1 TO NIACJsK)=P(JHK-2 )INEXT?
NEXT

GOSUR 2000

FRINTIPRINT"X POWER COEFFICIENT®

FOR J=1 TO 7IFRINT CHR$(197)5INEXTIFRINT TAR(11);
FOR J=1 TO 11IPRINT CHR$(197)5 INEXTIPRINT

FOR J=1 TO NIFRINT" "§J-1yVCJYINEXTEPRINTIPRINT
G=0IFOR J=1 TO NPIG=QH+Y(J)IINEXTIM=Q/NP!T=0:0=0}
FOR J=1 TO NP

G=0 1FOR K=1 TO NIG=Q+VCK)IEXCI M(RK-1)INEXT

T=TH Y(J)-Q )12

G=GH(Y(J)-M)12INEXTLIF G=0 THEN T=100:GOT0 780
T=100¥5QR(1-T/6G)

FRINT"PERCENT GOODNESS OF FIT=";T

PRINTIPRINT"-- CONTINUATION OPTIONS --"$PRINT
PRIMT" 1 - DETERMINE SPECIFIC FOINTS®

FRINT" 2 - FIT ANOTHER DEGREE TO SAME DATA"
PRINT® 3 - END FROGRAM" IPRINT

INPUT"UHAT NEXT" fQIQ=INT(Q)IIF Q=3 THEN END

IF Q=2 THEN 500

IF @<>1 THEN 800

FRINTIPRINTIPRINT"ENTER" JEF"T0 LEAVE THIS MODE"
FRINTIINPUT"X="§XVIIF XVU=EF THEN 80¢

YV=03FOR K=1 TO N
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930 YU=YUHUCR JRXVECK-1 MINEXTIPRINTY Y="5YV
240 GOTO 910

2000 IF N=1 THEN V(1)=R(1)/A(1,1)IRETURN
2010 FOR K=1 7O N-i

2020 I=K+1

2030 L=K

2040 IF ARSCA(ISK)):ABSCA(LSK)) THEN L=I
2050 IF T<N THEN I=I+1iGOTO 20490

2060 IF L=K THEN 2100

2070 FOR J=K TO NIG=A(KsJ)IA(KsJ)=A(Ly])
2080 AL s J)=QINEXT

2090 G=R{K)IR(K)=R(LIIR(L )=Q

2100 I=K+1

2110 A=A IR I/ACKKIZACT K )=0

2420 FOR J=K+1 TO NIACIrJ)=ACT+J)-QXACKs J )INEXT

2030 R{I)=RCI)-QXR(K)IIIF I<N THEN I=I+1:G0TO 2110
2140 NEXT

2150 VON)=R(N)/A(NSN)IIFOR I=N-1 T0 1 STEP -1
2160 G=0IFOR J=I+1 TO NIQ=QH+A(I,J)V(])
2170 W I=(RII)-Q)/ACTI)INEXTINEXT

2180 RETURN

EASY CHANGES

1. The program uses 999 as the flag number to terminate various
input modes. This may cause a problem if your data 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

2. Currently, a maximum value of 100 data pairs is allowed. If
you need more, change the value of MX in line 150 to the
number required. However, you cannot set MX to anything
higher than 255. To achieve this absolute maximum, make
this change:

150 MX=255

3. To allow fits of higher degrees than 9, set MD in line 170 to
the maximum degree desired. A value of 14 is the absolute
limit. To achieve this, use

170 MD=14
However, it must be stressed that the program will generaily

be quite unreliable for these high degrees. A practical limit
for MD is 7.
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4. The current dimensioning requires a PET with 8K of mem-
ory. To operate the program with a 4K PET, make these

changes:

150 MX=20
170 MD=4

This will mean, of course, that you will be restricted to using
twenty data pairs and fourth degree fits.

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 percent 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
MD
EF
X,Y
NP

D

D2

N
ARV
P
LIL,KL
Q,G
M

T

Maximum number of data pairs allowed.
Maximum degree allowed to fit.

Ending flag value for data input and X point mode.
Arrays of X and Y data points.

Number of data pairs entered.

Degree of polynomial to fit.

2*D, the maximum power sum to compute.
D+1, number of simultaneous equations to solve.
Arrays for simultaneous linear equation solver.
Array for holding sums of various powers of X.
Loop indices.

Work variables.

Mean value of Y.

Percent goodness of fit.
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XV Specific X point to calculate Y for.
YV Y value corresponding to XV.

SUGGESTED PROJECTS

1. No provisicn 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 percent goodness of fit is obtained.
Modify the program to accept a minimally satisfactory
percent 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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PURPOSE

Differential equations express functions by giving the rate of
change of one variable with respect to another. This type of
relation occurs regularly in almost all the physical sciences. The
solution of these equations is necessary in many practical
engineering 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

v _ fi i fX,Y

X (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.

The program allows two forms of output. You can have the
answers tabulated in columns or plotted graphically.

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 GOTO statement. This will cause an error
message to be displayed if the program is run before you have
changed line 3000. 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 al-
ready contains a RETURN statement so you do not need to add
another one.

The program begins by warning you that you should have
already 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.

You now have a choice between two types of output. Enter a
T for tabular output or a G for graphical output. The tabular
form is simply a two column display of the corresponding values
of Xand Y.

The graphical output plots the values of Y along a horizontal
axis as each corresponding X value is displayed on successive
lines of the screen. This graphical display requires you to input
the minimum and maximum values of Y that will be used on
the Y axis. You will be prompted for them if this output form
is chosen. An open circle is used to plot the value of Y. If, how-
ever, the value of Y is “off-scale,” a closed circle is plotted at
the appropriate edge of the graph.

With the input phase completed, the program initializes things
to begin the output. A question mark will be displayed in the
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lower left of the screen, telling you the program is waiting for
you to hit any key to begin the output.

The output is displayed at each interval of the stepsize until
the final value of X is reached. Output may temporarily 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. It is applicable to both the tabular and graphical
forms of output.

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
air resistance equal to twice its velocity retarding its movement.
The differential equation expressing this motion is:

fj_Y _ (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
and a half minutes. Also, plot this velocity as a function of time.

Solution and Sample Run: The solution and sample run are
illustrated in the accompanying photographs.
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FIRST ORDER DIFFERENTIAL EQUATION S8OLVER

JEE REGTRRENTAE 28840 T e HER" s
3880 D=(YOUR FUNCTION OF X,¥)
WHERE D=DY/DX.

gTHES KOS 95°EORY(RGEM B2 BrolAdn.
é%gglﬁf"éraaax QTHER KEV. [ THEN

%E%vb- (2000-28Y) / (200-X)

The operator hits a key to exit from the program. Then he enters the
differential equation into line 3000. He types RUN to restart the program.

FIRST ORDER DIFFERENTIAL EQUATION SOLVER

BHE (REGTRTEL TNE-oB8Y7 T 1N "B AN Ts
30080 D=(YOUR FUNCTION OF X,Y)
WHERE D=DY/DX.

e ™8 1S F6REORY (RBEM 1R BrodhAn.

émgngﬂrn Taaez 2 EEQEE 5& T;EEN

INITIAL VALUE OF X? B

The operator has hit the “’C"”" key. The program responds by beginning the
input phase.
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INITIAL VALUE OF X7 8

INITIAL VALUE OF Y? ©

STEPSIZE IN X? 18

FINAL VALUE OF X? 158

OUTPUT FORM (T=TABLE, G=GRAPH)? T

K

-
RERLQN WHRK 7R 0PPERRS

y

NG 0U|P EﬂN #

E TED
Eb EIS MAY

197

The operator has completed the input and requested tabular output. The
program signals with a question mark that it is waiting for him to hit any

key. It will not continue the run until he does so.

NIA

ONOM

X
A2 R OURDC

0
v,

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.
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WMANS Qeee

MIN

The program is rerun requesting graphical output. Before this photo, the
program requested a minimum and maximum value of Y to use on the Y
axis. Values of 0 and 1000 respectively were entered. The program dis-
plays the desired graph.

PROGRAM LISTING

100
119
200
210
220
230
240
250
260
270

280
290
300
310
320
330
340
350
360

REM DIFFEGN

REM COPYRIGHT 1978 BY FHIL FELDMAN AND TOM RUGE
PRINT CHR$(147)IFOR J=1 TO 10IGET REINEXT
PRINT"FIRST ORDER LIFFERENTIAL EQUATION SOLVER®
FRINTIFRINTSFRINT

PRINT" THE DIFFERENTIAL EQUATION MUST EE"
FRINT" DEFINED AT LINE 3000. THE FORM IS"
PRINTIFRINT® 3000 D=(YOUR FUNCTION OF XsY)
PRINTIPRINT" WHERE D=DY/IX." IPRINT

PRINT CHR#(27)# {FOR J=1 TO 346!PRINT CHR$(163)3:
NEXTIPRINT

PRINT" IF THIS HAS ALREADY REEN LONEs HIT®
FRINTY THE “C° KEY TO CONTINUE THE FROGRAM."
PRINTIPRINT" IF HOTs HIT ANY OTHER KEY. THEN"
PRINT® ENTER LIRE 3000 ANIN RE-RUN THE"

PRINT" PROGRAM."

PRINT CHR${19)iFOR J=1 TO 3IPRINT CHE${17)7 INEXT
FOR J=1 TO 38IFRINMT CRR${162 )5 INEXT

PRINTIFOR J=1 TO 16IFRINT CHRS(L&1)INEXT

PRINT CHR$( 18): iFOR J=1 TO 38:IPRINT CHR${162):1
NEXT
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370
380

390
400
410
420

430
440
450
460
470
480
490
500
510

520
600

610
620
630
640
630
660
670
700
710

720

730
740
750
800
810
820
830
900
910
920
930
940
950
960

FRINT CHR$(19)IFOR J=1 TU 4{FRINT CHR$(17)5 iNEXT
FOR J=1 TO 16IFRINT TAR(37)iCHR${ 18)5CHR${ 1461 )¢
NEXT

GET R$IIF R$="" THEN 370

IF R$<"C" THEN END

FRINTIPRINTUINPUT"INITIAL VALUE OF X"iXX
PRINTIINFUT"INITIAL VALUE OF Y"5YYIY=YYiX=XX!
GOSUR 3000

PRINTIINPUT"STEPSIZE IN X"iDX
PRINTVINPUT"FINAL VALUE OF X"iXF
PRINTIINFUT"OQUTFUT FORM (T=TABLEs G=GRAFH)"iF$%
Fe=LEFTS(F$s1)I1F F$<"T" AND F$<2"G" THEN 450
IF F$="T" THEN 600 ‘

FRINTUINPUT"MINIMUM Y FOR THE GRAFH AXIS":ivL
PRINTIINPUT"MAXIMUM Y FOR THE GRAFH AXIS"iYH

IF YH>YL THEN 600

PRINT:

PRINT"¥x¥ ERROR! -- MAX Y MUST BE > MIN Y X%¥
GOTO 480

PRINTIFOR J=1 TO 3BIPRINT CHR$(168)5 INEXTIFRINTS

FRINT

PRINT"  THE FOLLOWING OUTPUT CAN BE HALTED”
PRINT"BY HITTING ANY KEY. IT CAN THEN EE"
PRINT"RESUMED BY HITTING ANY KEY. THIS HAY"
PRINT"BE DONE AS OFTEN AS DESIRED."IFRINT

PRINT"  WHEN THE QUESTION MARK (7) AFFEARS:"
PRINT"HIT ANY KEY TO BEGIN THE OUTRUT."
PRINTIFOR J=1 TO 3BIPRINT CHR${168)5 tNEXTIFRINT
PRINTIIF F$="T" THEN PRINT TAB(Z)3"X"3iTARCZD )5 y"
IF F$="T" THEN PRINT TAB(3):CHR$({ 19615 TAK

20 15 CHR${ 17616070 890

FRINT TAR(1S)s"YMIN="35YL!

FRINT TAB(IS)i"YHAX="3YH

PRINTIPRINT® X" §TABC17 )5 "YMIN' $SPCC L3 05" THAX"
PRINT TAB(16)iCHR$(176)5CHR$( 219 )5 0FOR G=1 TO 19
FRINT CHR$(178)5 INEXTIFRINT CHR$(219)iCHR$( 174
PRINT"?"3

GET R$IIF R$="" THEN 810

PRINT CHR$( 157 )3iCHR$( 32 )1CHR$( 157 )5

GOSUR 1500

G=XX+IXIF QxXF+1.E-5 THEN END

X=XX1Y=YYIGOSUR 3000 IK0=DiX=XX+DIX/ 21 V=YY +RORLX/2
GOSUB 3000 tK1=DIY=YY+RK1KDX/21GO5UR 3000 iR2=D
X=XXHDXY=YY+R2KDX I GOBUR 3000 iK3=D

DY=DXH{ KO+2%K14+2XRK24K3 /6
YY=YY+OY I XX=XX+IXGOSUR 1500

GOTG 900

1000 FRINTIPRINT"X%X ERROR! -- YOU HAVE NOT DEFINELD"
1010 PRINT" THE DIFFERENTIAL EQUATION"
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1020 PRINT" IN LINE 3000,"

1030 END

1500 IF F$="T" THEN FRINT XX3TAB(17)5YYIGUSUB 14008
HETURN

1510 F=(YY-YL)/CYH-YL DIV=INTOI7+208F +0.5)

1520 C=21511F V<17 THEN V=17:iC=20%

1530 IF V37 THEN V=37i{C=209

1540 FRINT XXiTARC16)5CHR$C 22105 TAR(V I3 CHRS C 05 TARS
3817 CHRE$ 2219

1550 GOSUB 1600 IRETURN

1600 GET R$IIF R$="" THEN RETURN

1610 GET R$IIF R$="" THEN 1410

1620 RETURN

2900 REM XKOOKEOKEREXENODERER LR EaH

2910 REM THE DIFFERENTIAL EQUATION HUST

2920 REM BE DEFINED RETWEEN LINES

2930 REM 3000 AND 3999,

2940 REM

2950 REM LINE 3000 MUST BE OVERWRITTEN,

2960 REM MARING IT THE FIRST LINE OF

2970 REM THE EQUATION,

2980 REM dkdxikxdkicrkiookikiooikiiiyiiy

3000 GOTO 1000IREM REDEFINE THIS LINE TO ERE
D=(YOUR FUNCTION OF X47)

3999 RETURN

EASY CHANGES

1. If you have already entered the differential equation and
wish to skip the introductory output, add this line:

225 GOTO 410

This will immediately begin the input dialog.

2.If you wish to use negative stepsizes, line 900 must be
changed to:

900 Q=XX+DX:IF Q<XF—1.E—5 THEN END

MAIN ROUTINES

200-380 Displays initial messages.

390-520 Gets user’s inputs.

600-670 Displays additional messages.

700- 750 Initializes output display.

800- 830 Waits for user to hit a key to start the output.
900 - 960 Computes each step.
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1000- 1030 Error message.
1500- 1550 Plots graphical output.

1600- 1620 Stops and starts output.

3000-3999 User supplied routine to define D.

MAIN VARIABLES

D Value of dY/dX.

X, Y Values of X,Y on current step.
XXYY Values of X,Y on last step.

DX Stepsize in X.

XF Final value of X.

F$ Output flag string (T=table, G=graph).
YL, YH Minimum, maximum values of Y plot axis.
\'% Tab position for graphical output.

C CHR$ argument for graphical output.
KO,K1, Runge-Kutta coefficients.

K2,K3

RS User entered string.

Q Work variable.

J Loop index.

SUGGESTED PROJECTS

1.

Modify the program to display the tabular output followed
by the graphical output. During the tabular phase, the mini-
mum and maximum values of Y can be saved and automati-
cally used as the plot limits for the graphical output.

. The value of dY/dX as a function of X is often a useful quan-

tity to know. Modify the program to add it to the columnar
display and/or the graphical 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 incor-
porate them into the program.

. The program can be easily broadened tosolve a set of coupled,

first order, differential equations simultaneously. This would
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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 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.

The program uses a special “double precision” graphing
technique which doubles the normal resolution of the PET’s
graphics.

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.
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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
that you wish to have plotted. Values can be positive or negative
as longas 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
minimum scale values of both X and Y. Twenty tick marks
appear on each axis. The minimum, middle, and maximum
values on each scale are displayed appropriately. (Note: the pro-
gram may not be able to display all six scaling numbers if you
input some scaling numbers 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. These stand respectively for “Xlower,” “X mid,”
and “X upper.” Similarly, “YL,” “YM,” or “YU” may be used
on the Y axis.)

The actual plot is drawn with twice the resolution shown on
the axes. That is, forty values of X and Y are plotted. This is
accomplished by using the various 2 by 2 graphic characters
available on the PET.

If a value for Y should be off-scale, a special shaded character
will be displayed at the appropriate value of X. If the actual
value of Y is too large, it will be plotted at the maximum Y
value. Similarly, it will be drawn at the minimum Y value if it
it too low.

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 mini-
mum, mid, and maximum values on each axis. Also displayed is
the value corresponding to one tick mark 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

283 yY=8 INCX)

After loading the program, the operator enters line 5000 to request the
graph Y=SIN(X). RUN is typed to begin the program.

Mo
WARNING !
THE SUBROUTINE AT LINES
5800-5999 IS ASSUMED TO DEF INE
¥ AS A FUNCTION OF X

LOWEST VALUE OF X? ©

HIGHEST VALUE OF X? 6.28
OVER THIS RANGE OF X

MAXIMUM ¢ .

HaIHoE 32 o8esse
NOW CHOOSE THE SCALE FOR ¥
MINIMUM v SCALE VALUE? -1
MAX IMUM v 8CALE VALUE? 18

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

8—

The graph is displayed as requested. The program waits for the operator to
hit any key to continue.

 Sghif -
l IMUM = 5153
EACH SCALE DIVISION - .314

¥y S

EACH SCALE DIVISION - .1

HIT /G’ T0 SEE THE GRAPH_AGAIN
ANY OTHER KEY TO QUIT

Relevant scaling information is shown. By pressing ““G’’, the operator can
see the graph again.
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PROGRAM LISTING

100 REM GRAPH

110 REM COFYRIGHT 1978 BY FHIL FELLMAN AND TON RUGG

150 C=336201XV=12

160 PB=102

170 W=221

200 PRINT CHR$(147 )i TAB( 14)5CHR$( 185" GRAFH" JFRINT

210 PRINTIGOSUB 1000

220 PRINTIPRINT:INPUT"LOMEST VALUE OF X" $XLIFRINTS
INFUT"HIGHEST VALUE OF X*jXU

230 IF XU<=XL THEN PRINT!PRINT"---FADR X RANGE---"1
GOTO 220

240 GOSUE B00:GOSUR 300:GOSUE S00FRINT CHR$(19):
PRINT$PRINT SPRINTIFRINT

250 PRINT"HIT ANY KEY"SPRINTSPRINT®TO CONTINUE"

260 GET @$3IF O$="" THEN 260

270 GOSUE 900 . .

280 END S S

300 PRINT CHR$(147)iPOKE Cs91 *

310 FOR J=1 TO 20:FOKE C+Js114 ~ X o

320 POKE C-40XJs115INEXT A o

330 FOR J=0 TO 20 STEF 10 |

340 POKE CH40+Js93IPOKE C-1-40KJybd — e 1o verc

350 NEXTSPOKE CH21s24FOKE C-B40,25 a0 - o

360 XM=C XL+XU)/23YH=( YL+YU)/2 M(AA«\wﬂwwwuicm

370 A$=STRS(XL)IAZLENCAS ) I TB=XU-A+L? o
IF THS1 THEN TR=XVIA$="XL" 5 v o o -

380 GOSUB 460 A$=STRS( XM )i ASLENG A% ) TE=XV+10~ ﬁ/”{p
GOSUB 460 ¢ AS=STRS(XU)

390 TB=XVH19:IF TEHLEN(A$)>39 THEN TE=XU420 A$="XU"

400 GOSUB 460 :A5=STRS( YU )IA=LENC A% ) TE=XY-A~1}
IF TR0 THEN TE=XU-3iA$="yU"

410 NL=13GOSUR 480:A$=STR$(YH )t A=LEN A% ) TR=XV-A-11
NL=11

420 IF TB<O THEN TH=XVU-3!As="YH"

430 GOSUB 4803A$=STRS(YL)IA=LENC 4% )i TE=XV-A-11
IF TB<O THEN TE=XV-3iA$="YL"

440 NL=211COSUB 480 tRETURN ..r covd

460 PRINT CHR$(19JIFOR J=1 TO 221FRINT CHR$(17)
NEXTFRINT TABTE)5 A% SRETURN

480 PRINT CHR$(19)3FOR J=1 TO NLIFRINT CHRS$(17)3¢
NEXT$PRINT TABCTE )3 A% IRETURN

500 DX=( XU-XL /20 $0Y=( YU-YL }/20

510 X=XL tGOSUE 700$PC=124$IF F=0 THEN FC=108

520 IF D0 THEN [=0}FC=PB

530 20/ THEN D=20 {PC=FB

540 POKE C-40%0sFC
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960
70
80
590

600
610
620
630
640
430
660
670
700
710
720
730
740
800

810
820
830
840

860
8790
880
900
910
920
930
740
950
960

970
980

BASIC Programs for the PET

FOR J=1 TO 20 iX=XL+DX¥(J-0.5)1G05UB 700iFC=1261
iF F={ THEN FC=123

IF <0 THEN D=0iFC=FE

IF =20 THEN D=20:!FC=PR

PORKE CHJ-40%LsPC -

X=XL+DXKJ 1 GOSUR 700 i PR=FEER( GPJ-40%11)¢

IF D20 THEN D[=01FC=FRIGOTO 460

IF D20 THEN D=20iPC=FBIGOTO 440

PC=22611IF F=0 THEN FC=127

IF FR=126 THEN 669

PC=2G50IF F=0 THEN FC=98

IF PR=123 THEN 640

FPC=12411IF F=0 THEN FC=108

PORE CHJ-40%DsPC

NEXT IRETURN

GOSUR 5000:V=(Y-YL)/DYIO=INT(V)

IF Y<YL THEN D=-5

IF Y>YU THEN D=23

F=1dIF (V-INx=0.5 THEN I=[+1iF=0

RETURN

IX=C XU=-XL )/740 1 X=XLiGOSUR 5000 IMN=Y IMX=Y

FOR J=1 TO 40IX=XL+JXDXIGOSUB 30400

IF Y>MX THEN MX=Y

IF Y<MN THEN MN=Y

NEXT

PRINTIPRINT"OVER THIS RANGE OF X"@

FRINT" MAXINMUM Y ="iHX

PRINT" MINIMUM Y =" 3HNIPRINTS

FRINT"NOW CHOOSE THE SCALE FOR Y" IPRINT
INFUTYMINIMUM Y SCALE VALUE" sYLIFRINT:
INFUT"MAXIMNUM Y SCALE VALUE"sYU

IF YU<=YL THEN FRINT!

PRINT"--~ BALl Y SCALING---"1GOTO 8490

RETURN

PRINT CHR$(147)3"X SCALING"

PRINT®  MINIMUM - "sXLEFRINT®  MID - "Xt
PRINT"  MAXIMUM - "iXU

PRINTIPRINT"  EACH SCALE DIVISION - "iDXIFRINTG
PRINTIPRINT"Y SCALING"

PRINT®  MINIMUM - "SYLIPRINT"  HID - "YMe
FRINT®  MAXIMUM - "sYU

PRINTIPRINT"  EACH SCALE DIVISION - “iBVIPRINTY
FRINT

PRINT"HIT ‘G’ TO0 SEE THE GRAFH AGAIN"!

FRINT® ANY OTHER RKEY TO QUIT

GET Q$:IIF Q$="" THEN 760

IF Q¢$="G" THEN GOSUER 300:GOSUE 500

RETURN
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1000
10190

1060

1070
1100
4970
49890
4990
W00
9999

PRINT CHR${176)5FOR J=1 TO 11

PRINT CHR$(192)5 INEXTIFRINT® WARNING! *34:
FOR J=1 70 11

PRINT CHR$(192): INEXTIPRINT CHR$(174)
GOSUE 1100IFRINT CHR$(U )3

PRINT" THE SUEROUTINE AT LINES "iCHRB(W Y
GUSUR 1100

PRINT CHR$(W)" 3000-39%9 I5 ASSUMED TO
DEFINE "3CHR3(WIIGOSUR 1100

PRINT CHR$(UW)s" Y AS A FUNCTIOW

OF X "FCHRS(W )1GOSUR 1109

PRINT CHR$(173)5IFOR J=1 TO 32

FRINT CHR$(172)7 INEXTIFRINT CHRE$(189)
RETURN

PRINT CHR$C(UW):SFCC32)sCHREC W) SHRETURN

REM

REM SUBROUTINE AT 5000 HUST BE SET

REM

REM k%X Y=F(X) GOES HERE %%k

RETURN

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
accomplished by adding the following line:

835 YU=MX:YL=MN:RETURN

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

. Would you like something different to be displayed as the
off-axis character? This can be done by changing the value
of PB in line 160. The following table shows the correspond-
ence between PB and the character used.
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PB  CHARACTER

81 Q

86

90 Y 3
160 [

For example, to have a diamond drawn as the off-axis char-
acter, change line 160 to be:

160 PB=90

MAIN ROUTINES

150-170
200- 210
220- 280

300-480
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 labelling.
Subroutine to plot the function.

Subroutine to determine the plotting position
forY.

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

XL, XM,
XU
YL,YM,
YU
DX,DY
X,Y

C

PC

PB

PK

w
TB,XV

Lower, middle, upper scale values of X.
Lower, middle, upper scale values of Y.

Scale increments of X,Y.

Current values of X,Y.

Poke argument for the plot origin.
Poke argument for normal plotting.
Poke argument for off-axis plotting.
Peek value.

CHRS argument.

‘Tab arguments.
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F Y position flag (O=down, 1=up).

\'% 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 minimum
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.



212 BASIC Programs for the PET



INTEGRATE

PURPOSE AND DEFINITION

The need to evaluate integrals occurs frequently in much
scientific and mathematical work. This program will numerically
integrate a function that you supply using a technique known
as Simpson’s rule. It will continue to grind out successive ap-
proximations of the integral until you are satisfied with the
accuracy of the solution.

Mathmetical integration will probably be a familiar term to
those who have studied some higher mathematics. It is a funda-
mental subject of second-year calculus. The integral of a function
between the limits x={ (lower limit) and x=u (upper l1m1t)
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 A
f f(x) dx = = {(0) + f(u)
3
x=42
N/2 (N-2)/2
+4 30 fIO+AQI-DI+2 3 f12+ 24
i=1 j=1
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— .y = f{x)

Figure 1. The Integral of f(x)

Here N is the number of segments into which the total interval
is divided. N is 4 in the diagram.

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
examples 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 5000.
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.



INTEGRATE 215

It is not even necessary that the lower limit of X be smaller than
the upper one.

The program will now begin displaying its numerical evalua-
tions of the integral. The number of segments used in the
calculation continually doubles. This causes the accuracy of the
integral to increase at the expense of additional computation
time. For most functions, you should see the value of the inte-
gral converging 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 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
PET 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 precision
of the PET’s floating point arithmetic will postpone this for
quite a while. You will probably lose patience before seeing 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 5000. 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 tolinearly interpolate the value of Y between the appropriate
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 approximate
polynomial expression to fit your experimental data. This
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expression can then be easily entered as the subroutine at line
5000.

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*X13 + B*X12+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 d
f 1.+ x2 X

x=0

This integral has the theoretical value of w (pi) as the correct
answer! Pi, as you may know, has the value 3.1415926535. . .
Before the run in started, the above function is entered at line
5000. For reference, the elapsed time since the beginning of the
run is given in parentheses after each line of output. It is in
hours, minutes, and seconds. This gives you an idea of how long
the program took to compute each step. However, these times
are not displayed in the actual program output.

SAgg Y=/ C14XEX)
RUN

INTEGRAL BY SIMPSON'S RULE

WARNING !
THE SUBROUTINE AT LINES
5§3@#-5999 IS ASSUMED TO DEFINE

Y AS A FUNCTION OF X

LOWER LIMIT OF X? @

UPPER LIMIT OF X? 1
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# SEGMENTS INTEGRAL

2 3.13333334 (Bg:9d:98)
4 3.14156863 (Bg:9g:498)>
8 3.1415925 Ceg:go:gp)
16 3.14159265 (Bg:8g:01)
32 3.14159266 (pg:gg:92>
64 3.14159265 (Bg:8g:983)
128 3.14159266 (gg:9g:87)
256 3.14159266 (Bg:9g:14)
512 3.14159265 (Bg:088:27)
1924 3.14159266 Cgg:pp:55)
2048 3.14159265 (g:91:49)
Lg9e 3.14159266 (g:93:39)
8192 3.14159267 (gg:97:2¢)
16384 3.14159265 (#g:14:45)
32768 3.14159267 (#g:29:45)
65536 3.14159265 (#p:59:49)
131472 3.14159264 (B2:4p:089)
262144 3.14159266 (B4:g@:19)
524288 3.14159268 (p8:82:03)
1448576 3.14159264 (16:08:34)

(STOP key pressed)

PROGRAM LISTING

100
110
150
160
200

210
220

230

REM INTEGRATE

REM COPYRIGHT 1978 BY FHIL FELDMAN AND TOM RUGE
N=2

V=221

PRINT CHR$(147)iSFC(4)5" INTEGRAL BY SIMPSON'S
RULE" IPRINTIFRINT

PRINT CHR${176)iFOR J=1 TO 11

PRINT CHR$(192); INEXTIPRINT" WARNING! "3

FOR J=1 TGO 11

PRINT CHR$(192)5 INEXTIPRINT CHR$( 174 )C05UE 290
FRINT CHR$(V);

FRINT® THE SUBROUTINE AT LINES "FCHR$(V
GOSUR 290

FRINT CHR$(V)3" 5000-5999 IS ASSUMED TO

LDEFINE " §CHR$(V)IGOSUR 29¢

PRINT CHR${V);" Y AS A FUNCTION

OF X "FCHRSCV )IGOSUR 290

FRINT CHR$C173)5iFOR J=1 TO 32iPRINT CHR$(192)3¢
NEXTIPRINT CHE$(189)
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280 GOTO 300

290 PRINT CHR${VI5SPC(32)5CHRECV ) IRETURN
300 PRINTIINFUT"LOWER LIWIT OF X"il

310 PRINTIINPUT"UPPER LINMIT OF X"3U

360 PRINTIFRINT"# SEGHENTS" " INTEGRAL"
370 FOR J=1 T0 10IPRINT CHR®(196)5NEXTS

FRINT SPLOLOMIFOR J=1 T0 8

380 FRINT CHR${196 )7 INEXTIFRINT

400 IX=CU-L)/NiT=0

410 X=Li1GOSUR S0001T=T+Y

420 X=UIGOSUR S000:T=T+Y

430 M=N/21Z=0

460 FOR J=1 TO H

470 X=L+I0CK 2811 YIG0BUR G000 7=2+1Y
480 NEXTiT=T+4%I

500 M=M-11IF M=0 THEH &00

510 Z=01FOR J=1 TO H

520 X=L+IXk2ZXJIIGOSUR 3000 0Z=24Y

530 NEXTIT=T+2%Z

600 A=DXXT/3

610 FRINT N,SFC{8):a

620 N=NX2

630 GOTO 400

4970 REM

4980 REM #¥ ENTER SUBRROUTINE AT 3000 XX
4990 REM

5000 REM kkkx¥ v=F{X) GOES HERE *¥aaixk
5999 RETURN

EASY CHANGES

1.

You might want the program to stop calculation after the
integral 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.

615 IF N>=100 THEN END

Of course, you may use any value you wish instead of 100.

. Perhaps you would like to see the number of segments

change at a different rate during the course of the calculation.
This can be done by modifying line 620. To increase the rate
of change, try

620 N=N*4
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To change it at a constant (and slower) rate, try
620 N=N+50
Be sure, however, that the value of N is always even.

MAIN ROUTINES

150- 160 Initializes constants.

200- 290 Displays introductory messages and warning.

300-310 Gets integration limits from operator.

360-380 Displays column headings.

400-420 Computes integral contribution from end points.

450-480 Adds contribution from one summation.

500- 530 Adds contribution from other summation.

600- 630 Completes integral calculation and displays it.
Increases number of segments and restarts cal-
culation.

5000 - 5999 Operator supplied subroutine to evaluate f(x).

MAIN VARIABLES

N Number of segments.

\Y CHRS$ argument.

J Loop index.

LU Lower, Upper integration limit of x.
DX Width of one segment.

T Partial result of integral.

M Number of summations.

Z Subtotal of summations.

A Value of integral.

X Current value of x.

Y Current value of the function y=f(x).

SUGGESTED PROJECTS

1. Add an additional column to the output which gives the
elapsed time since the previous line was displayed. Thus,
you can compare the tradeoff between additional computa-
tion time and solution accuracy. This change will involve
using the PET’s built-in timing variables TI and TIS$.
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2. Research other similar techniques for numerical integration
such as the simpler trapezoid rule. Then add a column of
output computing the integral with this new method. Com-
pare how the two methods converge toward the (hopefully)
correct answer.

3. Modify the program to compute answers to “‘double pre-
cision” or greater; i.e. at least fifteen significant digits. Try
the function used in the sample run to see if you can calculate
pi to this high degree of precision.
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PURPOSE

This program solves a set of simultaneous linear algebraic
equations. It is capable of handling up to fifteen equations in
fifteen unknowns. 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:

A Xy +ALX, o A (X =R

1
A X +A22X2+ +A2NXN 2

Ay X TAG,X . +ANNXN =Ry
Nis the number of equations and thus the number of unknowns
also. The unknowns are denoted X through X

Fach equation contains a coefﬁc1ent multlpher for each un-
known and a right-hand-side term. These coefficients (the A
matrix) and the right-hand-sides (R through R ) must be
constants—positive, negative, or zero. The A matnx is denoted
with double subscripts. The first subscript is the equation num-
ber and the second one is the unknown that the coefficient
multiplies.
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HOW TO USE IT

The program will prompt you for all necessary inputs. First,
it asks how many equations (and thus how many unknowns)
comprise your set. This number must be at least 1 and no more
than 15. Then, 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 maxi-
mum 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
pigment, and the rest base. The painter, however, needs a me-
dium green to be composed of 25% blue pigment, 25% yellow
pigment, 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,

X, = percent of pure blue to use.

The problem leads to these three simultaneous equations to
solve:

0.3X, +0.1 X, +09X,=025
0.2 X; +0.35X%, =0.25
X, + X, t X, =1.0
The first equation expresses the amount of blue pigment in the
mixture. The second equation is for the yellow pigment. The
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third equation states that the mixture is composed entirely of
the 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 SIMULTANEOUS LINEAR EQUATION SOLVER
HOW MANY EQUATIONS IN THE SET? 3

THE 3 UNKNOWNS WILL BE DENOTED
X1 THROUGH X3

ENTER THE PARAMETERS FOR EQUATION 1
COEFFICIENT OF X1? .3

COEFFICIENT OF X2°? .1

COEFFICIENT OF X3? .9
RIGHT HAND SIDE? .25

ENTER THE PARAMETERS FOR EQUATION 2

COEFFICIENT OF X1? .2
COEFFICIENT OF X2? .35
COEFFICIENT OF X32 §
RIGHT HAND SIDE? .2

ENTER THE PARAMETERS FOR EQUATION 3

COEFFICIENT OF X1? 1
COEFFICIENT OF X2? 1
COEFFICIENT OF X3? 1
RIGHT HAND SIDE? 1

THE SOLUTION IS

X1= .55
X2= .4
X3= .g@5

READY.

Thus, the painter should use a mixture of 55%
dark green, 40% light green, and 5% pure blue.
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PROGRAM LISTING

100
110
200

210
220
300
310
320

330
340
330
360
370
380
390
400
410
420
430
900
10
20
930
900
910
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2139
2140
21590
2160
2170
2130

REHM SIMEGN

REM COPYRIGHT 1778 BY PHIL FELIMAN AND TOM RUGE
PRINT CHR%({

147)5i"4 SIMULTANEDUS LINEAR EQUATION SOLVER"
FOR J=1 TQ J7iPRINT CHR${197 )7 INEXT

PRINT (FRINT

INFUT"HOW MANY EQUATIONS IN THE SET"iN
PRINTIN=INTONITIF NxO AND N<l6 THEN 330
PRINT" %% ERROR! ¥4 IT MUST BE BETWEEM 1-15"1
FRINTIGOTO 300

BINM ACNSNIsRIN)SUIN)
PRINTYTHE" sNs" UNKNOWNS WILL BE DENOTEDR®
FRINT"X1 THROUGH X"snID$(STREIN)I»2:10)
GOSUR 990 :IFOR J=1 TO N

FRINTYENTER THE FARAMETERE FOR EQUATION"FJ
PRINT(FOR K=1 TO N

FRINT"COEFFICIENT OF X" sMIIG{STR$(K)#2510)3
INPUT ACIyRIINEXT

INPUT"RIGHT HANDN SIDE"sR(.J)

GOSUER 900 INEXT
GOSUR 2000
PRINT"THE SOLUTION IS"IPRINT
FOR J=1 TO N
FRINT"  X"sMIDS{STR$CI)» 210 )5 ="3V0 )
NEXT SEND
PRINT:PRINT““"'“"’""“""“""“""‘—""""“”“"""""'""'"‘""“"""""“‘"‘"""‘“"‘"‘""""
FRINTRETURN

IF N=1 THEN V{1)=R{1)/ACLs L )IRETURN

FOR K=1 70 N-1

I=K+1

L=K

IF ABS(A{TISK))=ARSCACL YR D)) THEN L=1

IF I<N THEN I=I+1:G60TQ 2040

IF L=K THEN 2100

FOR J=K TO NiG=A{K»J)ACK JI=A(Ly )

A(L s J)=RINEXT

A=R{RDITROR)=ROL ) IR(L =0

I=K+1

Q=AC TR I/ACK KD EAL TR D=0

FOR J=K+1 TO NIACIJ)0=A( 15 J)-QRA(KJIINEXT
REID=R{II-QARIKICIF I<N THEN I=I+1:1G0T0 2110
NEXT

VN I=RIN /AN NDIIFOR I=N-1 TO 1 STEF -1

Q=0 1FOR J=I+1 TO NIQ=8+a{ I,J 0000

VI )=(ROT-RI/ACTs IIINEXTINEXT

RETURN
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EASY CHANGES

You may be surprised sometime to see the program fail com-
pletely and display this message:

?DIVISION BY ZERO ERROR IN 2150

This means your input coefficients (the A array) were ill-condi-
tioned 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 this line.

2145 IF A(N,N)=0 THEN PRINT“ILL-CONDITIONED
INPUT”*:STOP

MAIN ROUTINES

200- 220 Clears screen and displays program title.

300-430 Gets input from user and calculates the solution.

500-530 Displays the solution.

900-910 Subroutine to space and separate the output.

2000-2180 Subroutine to calculate the solution ; consisting
of the following parts:

2000 Forms solution if N=1.

2010- 2140 Gaussian elimination.

2030-2100 Interchanges rows to achieve pivotal condensation.

2150- 2180 Back substitution.

MAIN VARIABLES

ILJL,K,L Loop indices and subscripts.

N Number of equations (thus number of unknowns
also).

A Doubly dimensioned array of the coefficients.

R Array of right-hand-sides.

\" Array of the solution.

Q Work variable.
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SUGGESTED PROJECTS

1.

The program modifies the A and R arrays while computing
the answer. This means the original input cannot be displayed
after it is input. Modify the program to save the information
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.

. The restriction that N not be greater than 15 is due to the

PET’s inability to handle array subscripts outside the range
0-255. The A array is dimensioned A(N,N) which means N
cannot be 16 or higher. Modify the program to allow N>135
by breaking up the A array into multiple arrays. However, it
is unlikely that you will have an application for the program
with N>15.
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PURPOSE

Ever think of yourself as a statistic? Many times we lament at
how we have become just numbers in various computer memories,
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

Before entering the data, the program will ask whether or not
you wish to use identifiers with the data values. These identifiers
can be anything associated with the data: e.g. names accom-
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panying test scores, cities accompanying population values,
corporations accompanying sales figures, etc. Hit the Y or N
key to indicate yes or no regarding the use of identifiers. You
do not need to hit the RETURN key.

Next, your data list must be entered. The program will
prompt you for each value with a question mark. If identifiers
are being used, you will be prompted for them before being
asked for the associated data value. You may use any length
character strings you desire for identifiers. However, if you
limit them to a maximum of seventeen characters, the for-
matting of later output will be “cleaner.”

Two special inputs, *END and *BACK, may be used at any
time during this data input phase. They are applicable whether
or not identifiers are being used. 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
character 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. In either case the identifiers, if used,
will be shown alongside their associated values.

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
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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 following
is an explanation of some that may not be familiar to you.

Three measures oflocation, 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
middle 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.

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
called, ‘““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 dis-
persion are given: the variance and the standard deviation. The
variance is defined as:

N
S~
VA = i=1
N-1

Here N is the number of values, Vi 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. Basically,
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 twenty seconds for twenty-five items, about ninety
seconds for fifty items, almost six minutes for a hundred items.
The PET will pause while this is occurring, so don’t think it has
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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.

SAMPLE RUN

The program describes its wares. It asks whether or not the operator
wishes to use identifiers with his or her input data.
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ENTIFIER ACCOMPANYING

2> BRI O
OB YD TGRURS SRR TER
0000000000000 00000000000000000000000¢

THE DATA MUST NOW BE ENTERED.
A LT H ENTER 118

I
BR V .) AND 1TS
NSE $H PﬂRﬁTE

TAKE, TYPE
NTER HE LAST DATUM.

senp" 50 TERMIARTe TFHECLTSRTED . TYPE

000500000000 00000000000000000000000000

RAgR, Igen W 1

The operator wishes to use identifiers. The program explains how data is
to be entered; it is ready to receive the operator’s input.

000000000000000000000000000000000’0‘0’0
ATA 11 )

phA
AL ? 9§

1

D

4
NN
o

1
[¢]

ro-« ro-«4
c D C
V] my  mv
- '\) '-c EN)
-
ocm o \m ~Dm

X »"13 X
- & C
% I ama %
-
IW

S

RN R

vALOE~

§25%- T BN ©

D
0
vA
DA
I,
vA
pA
VA

-
[l o4
m
N

The operator enters the names and scores of those who took a program-
ming aptitude test. The actual test was given to many people but, for
demonstration purposes, only five names are used here. The special string,
*END, is used to signal the end of the data.
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G 0000000000060 0000000000000000000000000
~— CONTINUATION OPTIONS --

é) §Pb§ﬂ¥ TzQISEIGlN OS%EER

WHAT NEXT (1, 2, 3, OR 4)? 2
GO00000000000000000000000003000000000 00

THE DATA IN RANKING ORDER
S TOTAL ENTRIES

ARG IR

HIT ANY KEY TO START THE DISPLAY.

The operator requests that the list be sorted into numerical order. The
program waits for a key to be pressed to continue the run.

WHAT NEXT (1, 2, 3, OR 4)? 2
GE0000000000000000000000000000000000000
THE DATA IN RANKING ORDER
S TOTAL ENTRIES
WHILE THE LIST I P
AN _HIT_ANY KEY T0O gﬁaég E éES
ALT, THE DISPLAY WILL R
IT ANOTHER KEY.,
IT ANY KEY TO START THE DISPLAY.

NN -

C
H
n N You

H

KN

HIT ANY KEY TO CONTINUE

The operator hits a key and is shown the data list in ranking order. Again,
- the program waits for the pressing of a key to continue.
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WHAT NEXT (1, 2, 3, OR 4>7? 3
GP000000000000000000000000000000000000¢
STATISTICAL ANALYSIS

F1vES%e RedAYYRE, o zero
UE = 82

ALUES = 422

CDDm

- D Pod XZXZ

CE 18T 18T 7483682304

Y KEY TO CONTINUE

M
M
R
S
M
M
M
8
v
H

- D ~MmM

Later in the run, the operator selects continuation option 3. This calculates
and displays the various statistical quantities.

PROGRAM LISTING

100
110
150
160
170
180
200
219

220

230
240
250
260
270
280
290
W0
310

REM STATS

REM COPYRIGHT 1978 RY PHIL FELDMAN AND TOM RUGG
B$="XBACK" (E$="%END"

MX=100

DIN DECHMX ) o VOMX ) ZCMX)

Z(0 )=0 INg=" "

FRINT CHR$(147 )iTAB(16)5"STATS"

PRINT TAB(16)#iFOR J=1 TO SIFRINT CHR$(196)+!
NEXT

PRINTIPRINTS

FRINT"  THIS FROGRAM DOES A STATISTICAL®
PRINT"ANALYSIS ON A LIST OF DATA VALUES.®
PRINT"IT WILL ORDER THE LIST ANDI FINDI SEVERAL"
PRINT"STATISTICAL QUANTITIES DESCRIRING®
PRINT"THE DATA." IFRINT

PRINT"  THE DATA MAY BE ENTERED IN EITHER"
FRINT"OF TWO FORMS:"

FRINT" 1) AS A SIMFLE LIST OF VALUESs OR"
PRINT" 2) WITH AN IDENTIFIER ACCOMPANYING®
PRINT" EACH VALUE." IFRINT
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320
330
340
350
360
370
400
410
420
430
440
450
460
470
480
490
500
W0
920
430
940
550
360
970
80
%0
600
610

620
700
710

720
730
740
750
760
770
780
790
800
810
820

BASIC Programs for the PET

PRINT®  WOULD YOU LIKE TO USE IDENTIFIERS®
PRINT"WITH YOUR INFUT (Y OR N3 7 3

GET R$IIF R$="" THEN 340

IF R$="Y" THEN FRINT"YES" {F=1:iGOTO 400

IF R&="N" THEN PRINT"HO" {F=0:1G0OTO 400

GOTO 3490

GOSUR 2100 PRINT

PRINT"  THE DATA MUST NOW BE ENTERED,®
FRINTIIF F=1 THEN 460

FRINT"  ENTER EACH VALUE SEFARATELY I
FRINT"RESFONSE TO THE QUESTION HaRK,"

GOSUR 2000:60T0 500

FRINT"  FOR EACH DATA ITEMs ENTER ITH"
PRINT"IDENTIFIER (ABBREVIATED I.L.) AND ITH"
PRINT"VALUE IN RESFONSE TO THE SEFARATE"
PRINT*QUESTION MARKS."1GOSUR 2009

GOSUR 2100:F0R J=1 TO 9IGET R$INEXTIN=I

IF N<1 THEN N=1

PRINTIFRINT"DATA ITEM #"iN

IF F=0 THEN D$(N)=N$:1GOTO 370
INFUT"I. D" 5R$IF R$=E$ THEN 700

IF R$=B$ THEN N=N-1:G0OTO 510

D${ N )>=R$

INFUT"VALUE" sR$IIF R$=E$ THEN 709

IF R$=E$ AND F=1 THEN 520

IF R$=E$ THEN N=N-1I1GOTC 510

V(N )=VAL(R$)

IF N=MX THEN PRINT!

FRINT" ¥ NO MORE DATA ALLOWED! #%" InN=N+1:GOTOD 700
N=N+1:60T0 3190 )

N=N-11IF N=0 THEN PRINT

IF N=0 THEN FRINT"#% NO DATA -- RUW ARORTED &
END

GOSUR 2100

PRINTIPRINT" -~ CONTIRUATION OFTIONS ~-"iPRINT
PRINT" 1) LIST DATA IN ORIGINAL ORLER

PRINT" 2) LIST DATA IN RANKING ORDER

PRINT" 3) DISFLAY STATISTICS

FRINT" 4) END' FROGRAM

PRINTIINFPUT"WHAT NEXT (is 25 35 OR 4)"iR
R=INT(R)!IF R<1 OR R>4 THEN 730

IF R=4 THEN END

ON R GOSUR 100012001500

GOTO 720

1000 GOSUR 2100:1FRINT

1010 PRINT® THE ORIGINAL DATA ORDER" IFRINT
1020 PRINT N3"TOTAL ENTRIES" (GOSUE 2309
1030 PRINTIFRINT" ¥  VALUE"S

1040 IF F=0 THEN PRINT
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1050
1060
1070
1089
1090
1200
12190
1220
1230
1280
1290
1300
1319
1329
1330
1340
1500
1510
1520
1530
1540
1550
15690
1570
1590
1600
1610
1620

1630
16490
1650
1660
1670
16890

1690
17090
1710
1729
1730
1749
2000
2010
2020

2030
2100
2110

IF F=1 THEN PRINT TAR(22)3"I.0,"

FOR J=1 TO N

PRINT J3TABCS )3VCJ )i TAR(22)5D%$(J)
GOSUR 2500

NEXTSGOSUE 2900 IRETURN

GOSUR 2100 :FRINT

PRINT® THE DATA IN RANKING ORDER" {PRINT
PRINT N3"TOTAL ENTRIES"

GOSUR 2700

GOSUR 2300:PRINTSFRINT" #  VALUE";

IF F=0 THEN PRINT

IF F=1 THEN PRINT TAB(22)i"I.0."

FOR J=1 TO N

PRINT J3TABCS)5V(ZCI) )3 TABC 22)5I8( Z¢J))
GOSUE 2500

NEXTSGOSUE 2900 :RETURN

GOSUE 2100 ¢FRINT

PRINT TABC4);"STATISTICAL ANALYSIS®SPRINT
PRINT"YOUR LIST HAS "iN;"VALUES"

NP=0 $NN=0 $NZ=0 £50=0 $ U=0

FOR J=1 TO NEW=WHVCJ)ESR=5R4V(I W)
IF V(J):0 THEN NP=NF+1

IF U(J)<0 THEN NN=NNt1

IF V(J)=0 THEN NZ=NZt1
NEXTM=W/NIVA=0IF N=1 THEN 1610

VA=( SQ-NXMKH )/( N-1)

SD=8QR( VA)

PRINT NP#"POSITIVES" sNNJ"NEGATIVE: " sNZ3"ZERO" S
FRINT

COSUE 2700 IFRINT"MINIMUM VALUE = "sV(Z(N))

PRINT"MAXIMUM VALUE = "3:W(Z(1))
PRINT"RANGE = "§UCZ{1))-VZ{N))

PRINT"SUM OF THE VALUES = "3sUWIFRINT
PRINT"MEAN = "iM

A=INT(N/2)+1HD=UZ{Q) )2

IF N/ZFINTON/2) THEN 1700

MD=(V(ZCR) MHVCZ(a-10))/2

PRINT"MEDIAN = "sMD

PRINT*MID-RANGE = "#(V(Z({1))HV(Z(N)))/2
PRINTIPRINT"STL, DEVIATION = "iSh
PRINT"VARIANCE = "3iVA

GOSUB 2900 RETURN

PRINTIFRINT"  IF YOU MAKE & MISTAREs TYFE"
PRINT B$:" TO RE-ENTER THE LAST DATUH."
FRINT!

PRINT" WHEN THE LIST I5 COMPLETELDs TYFE"
PRINT E$:" TO TERMINATE THE LIST."IRETURN

PRINTIFOR J=1 TO 3ZIPRINT CHR$( 2185 ¢NEXT vy - v

PRINTIRETURN

~g
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2300 PRINT!

2310
2320
2330
2349

2350
23460
2500
2510
220
2700
2710
2720
2730
2740
27590
2900
2910
2920

FRINT" - WHILE THE LIST IS DISFLAYING. YOoUu®
PRINT"CAN HIT ANY KEY TO CAUSE & TEWFORARY"
PRINT"HALT. THE DISFLAY WILL RESUME WHEN you®
PRINT"HIT ANOTHER KEY."

PRINT:

PRINT"  HIT ANY KEY TO START THE LISFLAY."
GET R$IIF R$="" THEN 2350

RETURN

GET R$IIF R$="" THEN RETURN

GET R$IIF R$="" THEN 251¢

RETURN

IF Z{0)=1 THEN RETURN

FOR J=1 T0 NIZ{J)=JINEXTIIF N=1 THEN RETURN
NM=N-11FOR K=1 TO NIFOR J=1 TO NMiN1=Z(J)
N2=ZCJH1IF VONL)EVONZ ) THEN 2750
ZOJHL)=N1ZCJ )=N2

NEXTINEXTIZ{0 )=1IRETURN

PRINTIFRINT"HIT ANY KEY TO CONTINUE®

GET R&IIF R$="" THEN 2910

RETURN

EASY CHANGES

1. The program is currently dimensioned to allow a maximum

of 100 data items. The total storage required for the program
depends on the maximum dimension parameter, MX; whether
or not identifiers are being used; and if so, on the length of a
typical identifier. An 8K PET will have enough storage for
100 data values with identifiers of 18 character average
length. If there are more than 100 items in your application,
you will need to change the value of MX in line 160 accord-
ingly. The maximum allowable value is 255, which would
necessitate this change:

160 MX=255

However, this would not leave any room to use identifiers.
An interplay results between lower setting of MX and longer
average identifier length allowable. A 200 setting for MX will
allow identifiers of 5 character average length. A 150 value
for MX will allow identifiers of 10 character average length.
. Because of possible conflicts with identifiers in your list,
you may wish to change the special strings that signal termi-
nation of data input and/or the backing up of data input.
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These are controlled by the variables E$ and BS, respectively.
They are set in line 150. If you wish to terminate the data
with /DONE/ and to back up with /LAST/ for example,
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 2730 to a “less than’’ sign (<). Thus:

2730 N2=2(J+1):IF V(N1)<V(N2) THEN 2750

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:

1630 GOSUB 2700:PRINT“MINIMUM VALUE = ”;V(Z(1))

1640 PRINT“MAXIMUM VALUE = ”;V(Z(N))
1650 PRINT“RANGE = ";V(Z(N))—V(Z(1))

MAIN ROUTINES

150- 180 Initializes constants and dimensioning.

200- 370 Displays messages, determines if identifiers will be
used.

400- 620 Gets data from the user.

700-710 Checks that input contains at least one value.

720- 820 Command mode - gets user’s next option and
does a GOSUB to it.

1000- 1090 Subroutine to list data in the original order.

1200- 1340 Subroutine to list data in ranking order.

1500- 1740 Subroutine to calculate and display statistics.

2000 - 2360 Subroutines to display various messages.

2500- 2520 Subroutine to allow user to temporarily start and
stop display listing.

2700- 2750 Subroutine to sort the list in ranking order.

2900 - 2920 Subroutine to detect if user has hit a key to

continue.
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MAIN VARIABLES

MX
D$(MX)
V(MX)
Z(MX)
N

F

BS

E$

N$

R$
NM

R

NP
NN
NZ

w

SQ

M

MD
VA

SD

JK
N1,N2

Q

Maximum number of data values allowed.
String array of identifiers.

Array of the data values.

Array of the sorting order.

Number of data values in current application.
Flag on identifier usage (1=yes, 0=no).
Flag string to back up the input.

Flag string to signal end of the input.
String for a null identifier.

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 appropriate for
longer lists. Try researching other sorts and incorporating
them into the program. To get you started, try these changes:
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2720 Q=0:FOR J=1 TO N—1:N1=Z(J)

2730 N2=Z(J+1):IF V(N1)>=V(N2) THEN 2750
2745 Q=1

2750 NEXT:IF Q=1 THEN 2720

2760 Z(0)=1:RETURN

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. Because the INPUT statement is used when entering identi-
fiers, commas cannot be used inside identifier names. Basic
will ignore anything entered past the comma. This can be
circumvented if you use quotes around the identifier name,
but you may forget to do this. By modifying the input rou-
tine to use a series of GET commands, you can build up the
identifier strings piecemeal and allow imbedded commas.
Modify the appropriate routine to do this.

3. 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.
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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 PET with
the proper “know-how.” POWERS will calculate the values of
integers raised to various powers; not to the PET’s “normal”’
nine digit precision, but up to 250 full digits of precision.
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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 per cent? 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 a room before there is better than a 50-50 chance
of birthday duplication? 50? 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
column 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
1/365 (note that we assume a 365 day year, and an equal likeli-
hood that each person could have been born on any day of the
year).
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What is the probability of duplication when there are three
people in the room? No, not just 2/365. It’s actually

1 —(364/365 times 363/365)

This is simply one minus the probability of no duplicate birth-
days.
The probability for four people is

1 —(364/365 times 363/365 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 STOP the program long
before that to see the point where the probability first exceeds
50 per cent.

SAMPLE RUN

NO. OF PROB. OF 2 OR MORE
PEOPLE WITH SAME BIRTHDAY
0

2.7397261E-03
8.20416585E-03
.0163559124
.0271355736
.0L04624834

YVl W N

PROGRAM LISTING

100 REM: COINCIDENT BIRTHDAY PROEARILITY PROELEM
110 REM: COPYRIGHT 1978 BY TOM RUGE AND PHIL FELDMAN
120 PRINT CHR#$(147)

13¢ FRINT"NO. OF PROB. OF 2 OK MORE"

140 PRINT"FEOPLE  WITH SAME BIRTHDAY"

150 Q=1

160 FOR N=1 TO &0

170 PRINT Ns1-R

180 G=Q%{ 365-N)/345

190 NEXT N

200 END
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EASY CHANGES

Change the constant value of 60 in line 160 to alter the range
of the number of people in the calculation. For example, 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
displays 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 27r, while the area
enlosed by the circle is 7r2.

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 experi-
ment may be cheaper, less dangerous, or more accurate to run
on a computer. It may even be impossible to do in “‘real life.”
Usually, 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 arc, outlining
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 P! 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 #r? where ris the
radius. In our case, r=1, and the area of the entire circle would
simply be n. The shaded area of the dartboard is one fourth of
this entire circle and thus has an area of w/4. The area of the
square is s?, 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

RATIO =

#hits  shaded area l/i w
1 4

# thrown entire area

So we now have an experimental way to approximate the value
of m. We perform the experiment and compute the ratio of
“hits” observed. We then multiply this number by 4 and we
have calculated # experimentally.

But instead of actually constructing the required dartboard
and throwing real darts, we will let the PET do the job. The
program “‘throws” each dart by selecting a separate random
number between O and 1 for the X and Y coordinates of each
dart. This is accomplished by using the built-in RND function
of Basic. A ‘““dart” is in the shaded area if X2 + Y2 < 1 forit.

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 STOP key. When you
are satisfied with the total number of darts thrown, press the
STOP key to terminate the program execution.

SAMPLE RUN

A DARTBOARD PI CALCULATOR

SAMPLE SIZE FOR PRINTING? 15§
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A DARTBOARD PI CALCULATOR

$ HITS 4 THROWN T

113 150 3.06666667
234 308 3.12

359 Lsg 3,19111111
L74 608 3.16

580 758 3.09333334
699 9g g 3.10666667
814 1650 3.10995238
932 . 12040 3.10666667
1845 1354 3.0962963
1175 1508 3.13333334

(STOP key depressed)

PROGRAM LISTING

100 REM FI

110 REM COFYRIGHT 1978 RY PHIL FELDMAN AND TOM RUGG
150 Q=RNIK-TI)

160 T=03TH=0
300 GOSUE 400

310 INPUT"SAMPLE SIZE FOR PRINTING"iNP
320 NP=INT(NP)IIF NP<1 THEN 300

330 GOSUR 600

340 PRINT"# HITS

360 FOR J=1 TO 41GOSUR 700 INEXT

370 PRINT TAR(9)3$FOR J=1 TO 8!GOSUR 700 INEXT!
PRINT TAR(25)s

380 GOSUR 700 IPRINT

# THROWN" § TARC 25) 3 CHR$( 255)

400 GOSUE 500 :TH=THHNHIT=THNF IP=4XTH/T
410 PRINT THsT.P

420 GOTO 400

500 NH=0IFOR J=1 TO NF

510 X=RNI{1):Y=RNI{ 1)

520 IF (XAX4YXY)<1 THEN NH=NHt1
530 MEXTIRETURN
400 FRINT CHR$(147 )iTAE( )3

610 PRINT"A DARTROARD PI CALCULATOR®
620 PRINTIPRINTIRETURN

700 PRINT CHR$(194)3 IRETURN
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EASY CHANGES

1. If you want the program to always use a fixed sample size,
change line 310 to read

310 NP=150

Of course, the value of 150 given here may be changed to
whatever you wish. With this change, line 320 is not needed
and may be deleted.

2. 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

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

T Total darts thrown.

TH Total “hits.”

NP Sample size for printing,

NH Number of hits in one group of NP darts.
P Calculated value of pi.

XY Random-valued coordinates of a dart.

J Loop index.

Q Work variable.
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SUGGESTED PROJECTS

1. Calculate the percentage error in the program’s calculation
of pi and display it with the other results. PET Basic includes
the special variable 7 which gives the value of pi correct to
nine digits. The percentage error, PE, can be calculated as

PE = 100 * ABS(P —7)/m

2. The accuracy of this simulation is highly dependent on the
quality of the PET’s random number generator. Try research-
ing different algorithms for pseudo random number genera-
tion. Then try incorporating them into the program. Change
line 510 to use the new algorithm(s). This can actually be
used as a test of the various random number generators.
Gruenberger’s book, referenced in the bibliography, contains
good material on various pseudo random number generators.



POWERS

PURPOSE

By now you have probably learned that the PET keeps track
of nine significant digits when dealing with numbers. For inte-
gers less than one billion (1,000,000,000), the PET can retain
the precise value of the number. But for larger integers the PET
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 PET 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 usinga “multiple-precision arithmetic’ technique,
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
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forgotten, three factorial is 3 times 2 times 1, or 6. Four fac-
torial is 4 times 3 times 2 times 1, or 24,

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.

SAMPLE RUN

i
3
z

oo

HIJOMEBER OF DIGITS

The operator wants answers up to 40 digits long in the calculations of the
powers of 98789. The program calculates numbers up to 987898 and then
asks for the number of digits again (in preparation for the next calculation
the operator requests).

PROGRAM LISTING

100 REM: FOWERS AND FACTORIALS

110 REM: COPYRIGHT 1978 EY TOM RUGG AND PHIL FELIMAN
120 FPRINT CHR$(147)

130 FRINT TAR(10)5CHR$(18)3
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140
150
160
170
180
190
200
210
220
230
240
250
269
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
w00
5} )

FRINT"POWERS AND FACTORIALS"
FPRINTIPRINT

DIM N(233)

INFUT"NUMBER OF DIGITS"iM
M=INT(M)IIF M:250 OR M<1 THEN 179
PRINT (INFUT"N" SN

N=INT(N)

IF N<1 OR Nx100000 THEN 190

PRINT

F=011IF N=1 THEN F=1!PRINT"FACTORIALS*

IF F=0 THEN PRINT"POWERS OF"iN
T=10IK=1IN({ )=N

FOR J=0 TO M

IF NCJ)T THEN 300
Q=INTONCJ)/T ) IW=N(J )-0%T

NCJ ) =WINCIHL )=NC J41 )40

NEXT

J=M+1

IF NCJ)=0 THEN J=J-1:1GOTO 329

IF J>=M THEN 500

=0 3 PRINT K:iTAR(7)j
N$=5TRE(N(J) ) INS=RIGHT$( N$,1)
D=0410IF D330 THEN D=1IPRINTIPRINT TAR(7 )
FRINT N$iiJ=J-10IF J>=0 THEN 350
IF F=1 THEN N=N+1

R=K+1IPRINT

FOR J=0 TO MINCJI)=NCJIXNINEXT
GOTO 260

FOR J=1 TO 253INCJ)=0INEXT
FRINTIGOTO 179

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

2. To clear the screen before the output begins being displayed,

3.

change line 220 to say:
220 PRINT CHR$(147)

To display a blank line before each new number (to improve
readability), insert this line:
335 PRINT

To double space all output, you should also insert another
PRINT and colon just before the first PRINT in line 360.
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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

zZz =2z

O O-RAT
=

Z
%

Array in which calculations are made.

Number of digits of precision requested by opera-
tor.

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.

2. Create aseries of subroutines that can add, subtract, multiply,
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 a? + b?
= ¢?. The most commonly remembered example of this is the
3-4-5 right triangle (32 + 4% = 5%). 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 STOP) before it
continues with the next twenty. It will go on indefinitely until
you press the 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
ofa, b, and c.

The sequence is which the triplets are produced is not too
obvious, 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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1. Ris 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-§2
b=2RS
c=R2%+8§2

The program starts with a value of 2 for R. It generates all
possible S values for that R (startingat R—1 and then decreasing)
and thenaddsoneto R and continues. So, the first set of triplets
is created when Ris 2 and Sis 1, the second set when R is 3 and
Sis 2, and so on.

SAMPLE RUN

s#se PYTHAGOREAN TRIPLETS nass
CQUNT —=A-- -=B-- -zC--

3 3 3

S
2 <

Boh B

PRESS ANY KEY TO CONTINUE

The program generates a screen full of Pythagorean triplets, then waits for
the operator to press a key to continue.
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PROGRAM LISTING

100 REM! PYTHAGOREAN TRIPLETS

110 REM: COFYRIGHT 1978 BY TOM RUGG & FHIL FELDMAN
130 R=2IiK=1:D=0

150 GOSUR 350

180 5=R-1

190 A=R¥R-5%5

200 EB=2%R¥5

210 C=R&R+5%S

220 FRINT KsAsEsC

230 K=K+1:0=D41:60TO 409

240 §=5-21IF §<=0 THEN R=R+1:6070 180
230 51=5

255 EI=R

260 N=INT{(R1/51)

270 Ri=RI-{S51%N)

280 IF R1<>0 THEN B1=51:51=R1:1GOTO 240
300 IF 51<>1 THEN 240

320 GOTO 190

350 PRINT CHR$(147)3

360 PRINT"X¥XX PYTHAGOREAN TRIPLETS Xkxx*
370 FRINT

380 PRINTOCOUNT" " ——f—="y" ~=F--t g "o
390 RETURN

400 IF D20 THEN 240

410 PRINT

420 PRINT"PRESS ANY KEY TO CONTINUE"+
430 GET R$IIF R$="" THEN 430

440 GOSUR 350

450 D=0

440 GOTO 240

EASY CHANGES

1. Alter the starting value of R in line 130. Instead of 2, try
50 or 100.

2. If you want, you can change the number of sets of triplets
displayed on each screen. Change the 20 in line 400 toa 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.

3. To make the program continue without requiring you to
press a key for the next screen of values, insert either of these
lines:
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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,BI1,
R1,N
R$

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.

SUGGESTED PROJECTS

1. In addition to displaying K, A, B, and C on each line, display
R and S. You will have to squeeze the columns closer together.
2. Because this program uses integer values that get increasingly
large, eventually some will exceed the PET’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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Memory Usage

Each of the programs in this book will fit in a Commodore
PET 2001 computer that has 8K or more of user memory. If
your PET has only 4K of user memory, you’ll find that the
great majority of the programs will still fit in your computer
with no changes. A few other programs will require minor
changes that are discussed in the text of the corresponding
chapters.

Based on our estimates, here are the programs that will not
fit in a 4K PET:

Programs that will probably fit in a 4K PET if you make fairly
extensive changes:

(for example, eliminating unnecessary spaces from program
statements, reducing the length of text literals where possible,
deleting REM statements, removing unneeded options, reducing
array sizes where possible, etc.)

CHECKBOOK, WARI
Programs that are too large to be compressed into 4K:

DECIDE, JOT, STATS
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