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AN IMPORTANT NOTE

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



Preface

You have bought yourself a Radio Shack TRS-80 Color Com-
puter (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 Color Computer is so small and portable that you can,
say, take it home from work over the weekend and let the kids
play educational games. They will have fun and learn a lot.
After they go to bed, you can use it to help plan your personal
finances. Or, you can let your guests at a party try to outsmart
the computer (or each other) at some fascinating games. The
possibilities go on and on.

All these things can be done with the Color Computer, but it
cannot do any of them without the key ingredient —a computer
program. People with little or no exposure to computers may be
in for a surprise when they learn this. A computer without a
program is like a car without a driver. It just sits there.



viii TRS-80 Color Programs

So you ask, “Where can I get some programs to do the things
I want my computer to do?” Glad you asked. There are several
alternatives.

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

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

3. Buy the programs you want. This is cheaper than hiring
your own programmer because all the buyers share the cost
of writing the programs. You still will net find it very cheap,
especially if you want to accumulate several dozen pro-
grams. Each program might cost anywhere from a few
dollars to several hundred dollars. The main problem is that
you cannot be sure how good the programs are, and, since
they are generalized for all possible buyers, you may not be
able to easily modify them to do exactly what you want.
Also, they have to be written in a computer language that
your computer understands. Even if you find a program
written in the BASIC language, you will soon learn that Col-
or and Extended Color BASIC are 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 TRS-80 Color Computer. If you type them
in exactly as shown, they will work! No changes are needed. In
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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 have learned a little about BASIC, you can go even
further and follow the suggestions about more extensive
changes that can be made. This approach was used to try to
make every program useful to you, whether you are a total
beginner or an old hand with computers.

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

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

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



How to Use This Book

Each chapter of this book presents a computer program that

runs on a 16K Radio Shack TRS-80 Color Computer. Most will
also run on a 4K TRS-80 Color Computer (see Appendix 1). All
the programs work with either “standard” Color BASIC or Ex-
tended Color BASIC. 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
limitations 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.
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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.

. Suggested Projects: Provides a few ideas for major changes

you might want to make to the program. To try any of
these, you will need to understand BASIC and use the infor-
mation provided in the previous two sections (Main
Routines and Main Variables).

To use any of these programs on your Color 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 pro-

grams in this book:

1.

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

. Pick a chapter and read Section 1 (“Purpose”) to see if the

program sounds interesting or useful to you. If not, move
on to the next chapter until you find one that is. If you are a
beginner you might want to try one of the short “Miscel-
laneous Programs” first.

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

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

. Enter the NEW command to eliminate any existing program

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

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

memory, use the LIST command to display what you have
entered so you can double check for typographical errors,
omitted lines, etc. Don’t mistake a semicolon for a colon, or
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an alphabetic I or O for a numeric 1 or 0 (zero). Take a min-
ute to note the differences in these characters before you
begin.

6. Before trying to RUN the program, use the CSAVE com-
mand to save the program temporarily on cassette. This
could prevent a lot of wasted effort in case something goes
wrong (power failure, computer malfunction, etc.). If the
computer “hangs up” when you enter RUN, you can simply
reset it, reload the program from cassette, and look for typ-
ing errors. :

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

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

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

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

The second possibility is that you made a typing error that
did not cause an error message to be displayed, but simply
changed the meaning of one or more lines in the program.
This can be a little tricky to find, but you can usually narrow
it down to the general area of the problem by noting the
point at which the error takes place. Is the first thing dis-
played correct? If so, the error is probably after the PRINT
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A

wi

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, trying to duplicate the Sam-
ple Run. If you find a variation that cannot be accounted
for in the “How To Use It” section of the chapter, go to
step 8. Otherwise, if it seems to be running properly,
CSAVE the program on cassette.
Read Section 5 of the chapter (“Easy Changes”). Try any of
the changes that look interesting. If you think the changed
version is better, CSAVE it on cassette, too. You will prob-
ably want to give it a slightly different title in the first REM
statement to avoid future confusion.

NOTE ON THE PROGRAM LISTINGS

A line on the screen of the Color Computer is 32 characters
de. However, the printer that was used to create the Program

Listing section of each chapter prints lines up to 80 characters
long. When typing into your computer a line longer than 32

ch

aracters, simply type the entire line as shown in the listing fol-

lowed by the ENTER key. Don’t be fooled by the fact that the

cu

rsor on your Color Computer jumps down to the next line

after you enter the 32nd character —it’s just one long line until
you press ENTER.
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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 TRS-80 Color
Computer can help us to do useful work. Here are eight pro-
grams for use around the home or business.

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

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

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

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

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



ANNUAL

PURPOSE

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

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

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

HOW TO USE IT

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

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

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

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

SAMPLE RUN

oo ANNUAL INTEREST ee
INTEREST RATE? 14.5

INTEREST RATE = 14.5

COMPOUNBER ANNUAL YIELD

ANNUALLY

SENI-ANNUALLY 15.0825625
QUARTERLY 15.3076641
NORTHLY 15.5635353
HEEKLY 15.5806318
BAILY 15.6006279

INTEREST RATE?

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

PROGRAM LISTING

100 REMD ANNUAL Ii‘-v"u REST
4 (0 1981, TOM RUGE AND FHIL




ANNUAL 5

150 PRINT®¥ ANNUAL INTEREST xx
140 PRINT

170 INFUTYINTEREST R&GTE" R

TR0 PRINTIIF R=0 THEN ERL

n TINTHER, "INTEREST RATE ="}R
200 TINT P

210 : SUCOMPOUNDED" s TaBOLE)Y 3
221 rfTN*n' ”GNJdnl YIELD"

230 FPRINTHRF, wwmwwwwm”;TﬁE(lﬁ)ﬁ
nan FFIN!RF_ ST

250 RESTORE

240 READ NE,N

270 IF NE=UEND" THEN 400

280 PRINTEP,NSITARCLSY

290 T=RAL00IW=TANIG=1

209 FOR J=1 TO N

210 S=5+8%HINEXT

320 S=(5~-1)yx100

A0 PRINTHEP,S

340 GAOTD 240

400 FPRINTHF

410 GOTD 170

a00 END

SO0 DATA ANNUALLLY L

D10 DATA SEMI-ANNUALLY . Z

Q70 DATA QUARTERLLY ;4

S0 DATH MONTHILLY s L2

o940 DﬁTﬁ WEEKLY 82

Q@E0 DATE DALY 3458

PE0 ““Tﬁ END, 9%

b e o il = |

EASY CHANGES

1. If you have a printer, you can send the output to it very eas-
ily. Just change this line:

140 P= -2

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

925 DATA BIMONTHLY,6
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The program can be changed to make calculations for a
whole series of interest rates without stopping. If you have a
printer, you may want to create your own reference tables.
To do so for, say, interest rates from 10 to 12 percent in in-
crements of one-quarter percent, make these changes:

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

MAIN ROUTINES

130-140  Initializes variables.

150-160  Displays title.

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

190-240  Displays rate and column headings.

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

pounding technique.

900-960 DATA statements for each compounding technique.

MAIN VARIABLES

P

—ng-Hzz®

Pointer to where output will be sent (0=video,
— 2 =printer).

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

Number of times per year to compound.

Interest rate (as decimal).

Interest rate per compounding period.

Sum of interest earned for the year.

Loop variable.

SUGGESTED PROJECTS

1.

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

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

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



BIORHYTHM

PURPOSE

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

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

The physical cycle is twenty-three days long. For the first 112
days, you are in the positive half of the cycle. This means you
should have a feeling of physical well-being, strength, and en-
durance. During the second 11%: days, you are in the negative
half of the cycle. This results in less endurance and a tendency
toward a general feeling of fatigue.

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

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

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

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

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

Whether biorhythms are good, bad, true, false, or anything
else is not our concern here. We are just presenting the idea to
you as an interesting theory that you can investigate with the
help of your TRS-80 Color 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 bio-
rhythm chart. Enter it in the same way. Of course, this date can-
not be earlier than the birth date.

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

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

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

SAMPLE RUN

oo BIURHYTHN eo

ENTER BIRTH DATE

MONTHC(L TO 12> 3
DAy (1 TO 31> 4
YEAR? 47
1947 ASSUNED.
ENTER START DATE FOR CHART

MONTHCL 7O 1257 1t
Bay (1 70 31)7 1
YEAR? 81

1381 ASSUNED.

The operator enters his or her birth date and the date for the beginning
of the chart.
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BIORHYTHN
--DATE-- DOKN 9

11/1/81

11/2/81

1173781

11/74/81

11/5/81

11/6/81

11/7/781

11/8/81

11/9/81

11710781 I E

11/11/81 P ' |

11712781 EP I
G

"E®* = ENDs SPACE =

The program responds with the first 12 days of the operator’s
biorhythm chart, then waits for a key to be pressed.

PROGRAM LISTING

100 REM! BIORHYTHM

110 REM: (C) 1981, TOM RUGG AND FHIL
FELDMAN

120 CLEAR 200:CLS

130 L=03T=11P=3,14189245

140 FRINT"xx BIORHYTHM %x"3FRINT

150 PRINTUENTER BIRTH DATE"

160 GOSUE S00:GO8UE 46002 JE=JD

1920 FRINT"ENTER START DATE FOR CHaRTY

200 GOSUE S00:GOSUE 4003J0=JD

230 IF JCH=JB THEN 270

240 FRINT"CHART DATE CAN‘T BE EARLIER"

250 PRINT"THAN EBIRTH DATE."

260 SOUND 8,8IFRINTIGOTO 130

270 FOR H=1 TO 1000 INEXT

280 GOSUE 700

300 N=JC-JE

310 v=23:C0SUER 800

320 VU=281GO8UE 800
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asn
3240
350
340
azo
340
ae0
400
500
505
510
520
HA0
5440
5EO
5460
=570
50
&H00
A10
&20
A0
45410
&510
A40
&7 0
700
710
720
730
740
750
74610
300
Qs
840
azo
aan
g90
200
@10
ozNn
Q30
40

U=321605UE 800
GOSUER 1000
FRINT CEiTaB{E) L%
JC=JC+HL =L+ L8 TF L2122 THEN 300
FRINT"/E’ = END, SFACE = GO ON"3
Re=TNKEY$IIF R$="" THEN 380
IF R$="E" THEN 120
L=03G0TO 280
FRIMT
INFUTUMONTHOL TO 123" IM
M=INT(M)ITF M<l OR M:=12Z THEN 505
INFUT"DAY (1L TO 317D
D=INTODYITF DL OR D31 THEN 520
TINFUT"YEAR™ DY
Y=INTC(YYLXF Y0 THEN 340
TF Y=99 THEN %80
YaY+1200 ¢FRINT Y V"A58UMED ..
RETURN
W0 dTF M3 THEMN Ws-1
JDEINTOLA6I R Y +4800+W /4D
F=TNT (347X (M-2-WK122/13)
IF R0 THEN B=Rad

D= UD R

s INTOINT (3R (Y+4900+W) 71002740
JD WJDHD-32075-F
RETURN
LS
FRINT TaAEC10) 3 "BIORMY THM"
FRINT"-~DATE~--"TARB{LE2)§
FRINTDOWN" ;TAR(L?Y s 0" S TABR24) 3" URY
FRINT TAE(B):

FOR K=1 TO T+T+LIPRINT CHR$ 17523
MEXTIPRINT RETURN
WaTNT INAUY SR=N- (R

TR Wo=232 THEN 200
LE=CHRS (32 IFOR K=1 TO 4
L=l el S EMEXT

Lg=LEFTSLs, TI+CHRECIZEIHLEFTSLE, T
IF Y=23 THI”'N Ce="pn

TF V=28 THEN CH="E"
TF U=33 THEMN CH="1I"

WaR /AU Wk 2 e

WeaTHETN(W) SH=W+T+1 .5

WaTMTOH) $a%=MIDSL$, W, 10

11
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QU0 IF As="F" OR A%="E" OR A$="x" THEN
C$=lell

PEE TF W=1 THEN 980

@57 IF W=T+T+1l THEN 990

P60 LS=LEFTHLS,W-1)+CE+RIGHTS (LB, T+T+1-W)

970 RETURN

280 L$=CE+RIGHTH (L&, T+T) IRETURN

990 L$=LEFTH(L%,T+TI+CHIRETURN

1000 W=JC+SB56P IR=INT (4xXW/146097)

1010 W=W-INTC(L446097%XR+3)/74)

1020 Y=INT(4000x(W+1)/14461001)

1030 W=W-INT(1481%XY/4)+31

1040 M=INT(80XW/2447)

1050 D=W-TINT(2447xM/80)

10460 W=INTIM/LL) IM=M+2-12x%W

1070 Y=100X(R~49)+Y+W

1080 A%=8TR$ (M) tW=LEN(A%$) -1

1090 CE=MID$ (A, 2,W)+"/"

1100 A$=8TR$(D) SH=LENC(A$) -1

1110 Ce=Ce+MIDE(AB,2,WI+" /"

1120 A%=8TRE(Y) IW=LENC(A%) -1

1130 Ce=CH+MIDS (A, W, 2D

1140 RETURN

EASY CHANGES

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

305 PRINT “DAYS=";N: END

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

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

MAIN ROUTINES

120- 140 Initializes variables. Displays titles.

150- 160 Asks for birth date and converts to Julian date for-
mat (i.e., the number of days since January 1,
4713 B.C.

190- 200 Asks for start date for chart and converts to Julian
date format.
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230- 260
270
280
300

310- 330
340

350
360- 400

500- 580

600- 670

700- 760
800- 990

1000-1140

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

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

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

Displays one line on the chart.

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

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

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

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

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

MAIN VARIABLES

L
T

P
JB
JD
JC
K
N

A%

C$
L$
RS
M
D
Y

Counter of number of lines on screen.

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

Pi.

Birth date in Julian format.

Julian date calculated in subroutine.

Chart start date in Julian format.

Loop and work variable.

Number of days between birth and current chart
date.

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

String with date in month/day/year format.

String with one line of the biorhythm chart.

Reply from operator after screen fills up.

Month (1-12)

Day (1-31)

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

SUGGESTED PROJECTS

1. Investigate the biorhythms of some famous historical or
athletic 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 ac-
cidents befall people on critical days?

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



CHECKBOOK

PURPOSE

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

HOW TO USE IT

The program starts off by giving you instructions to verify
that the amount of each check and deposit are the same on the
statement as they are in your checkbook. Sometimes the bank
will make an error in reading the amount that you wrote on a
check (especially if your handwriting is not too clear), and
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.
This will generally be the highest numbered check the bank has
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processed, unless you like to write checks out of sequence. Your
account balance after this most recent check will be reconciled
with the statement balance, so that is what the program asks for
next —your checkbook balance after the most recent check.

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

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

Next you enter the amount of any service charges or debit
memos that are on the statement, but which have not been
shown in your checkbook prior to the most recent check. Typi-
cally, this is just a monthly service charge, but there might also
be charges for printing new checks for you or some other ad-
justment 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 ad-
justments 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 re-
cent 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. The best thing to
do first is to make sure you entered all the data correctly. You
can verify that the outstanding checks were entered correctly
with this command:

FOR J=1 TO NC:PRINT C(J);:NEXT
Then, to review the balancing summary, you can enter:
GOTO 810
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To verify that you entered everything else correctly, simply
RUN the program again and compare results.

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

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

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

With a 4K computer, you will need to enter the command
CLEARSO before you enter this program from the keyboard or
from cassette.
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SAMPLE RUN

oo CHECKBOOK eeo

FIRSTs BE SURE TYOUR BANK
STATEMENT AND CHECKBOOX SHOX
THE SAME FIGURES FOR EACH CHECK
AND DEPOSIT LISTED ON THE
STATENENT.

HHAT®S THE ENDING BALANCE SHONWNM
ON THE STATEMENT?

T 520.16

NOM FIND THE MOST RECENT CHECYK

THAT IS ON THE STATEMENT.

NHAT IS THE CHECK NUNBER OF IT7
? 1652

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

? 520.16

NOW FIND THE MOST RECEMT CHECK
THAT IS ON THE STATEMENT.

HHAT IS THE CHECK HNUMBER OF IT?
? 1632

NHAT BALANCE IS SHOWN IMN YOUR
CHECKBOUOK AFTER CHECK NO. 1652
7 488.12

ENTER THE AMOUNT OF ANMY DEPOSIT
SHOMN IN YOUR CHECKBOOK PRIOR
TO CHECK 1652 THAT IS NOT

ON THE STATEMENT.

ENTER °"END® WHEN DONE

* ensll

The operator continues by entering the checkbook balance, followed
by END to indicate no outstanding deposits.
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TATAL

NOM ENTER THE ANMOUNTS OF aNv
CHECKS IN THE CHECKBOOK PRIOR
TO CHECK 1632 THAT HAYE HOT
YET BEEN SHOWN OH A STATEMENT.
EMTER "END" HWHEN DONE

T 35.04

T 16
? ENDB
TATAL = 45.04

NOM ENTER THE AMOUNTS OF ANY
SERVICE CHARGES OR DEBIT MENOS.

ENTER °ENDB® WHEN DONE
?

The operator enters the outstanding checks, and prepares to enter ser-
vice charges.

TAOTAL = 45.0+4

NOW ENTER THE ANMOUNMTZ OF anv
SERYICE CHARGES 0OR DEBIT mEnQO:-.
ENTER °"END°® WHEN DONE

? 2.35

? 2.65

? END

TaraL = S

EMTER THE AMOUNT OF ANY DEPOCIT
SHOMNM IN YOUR CHECKXBOOK AFTEPR
CHECK NO. 1652 THAT I ALZ:O
LISTED IM THE STATEMENT.

ENMTER °END® WHEN DONE

? END

After the service charges are entered, the operator indicates no late
deposits.
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TarvaL
IT BALANCES!

STATENENT BALANCE +
BEPOSITS OUTSTANDING +
SERYICE CHARGES = 525.16

CHECKBOOK BALANCE +
CHECKS OUTSTANDING +
RECENT DBEPOSITS = 525.16

BIFFERENCE = o

Finally, the program displays balancing information and ends.

PROGRAM LISTING

100 REM! CHECKEOOK

110 REM: (C) 1981, TOM RUGG AND FHIL
FELDMAN

120 CLEAR S50:3CLS

130 FPRINT"xx CHECHKEOOK xx"3IPRINT

160 MC=10

L&0 DIM COMO)

180 E$="ERROR. RE-EMTER."

1920 FRINT"FIRST, BE SURE YOUR BANK"

200 FRINT"STATEMENT AND CHECHKEOOK SHOW!

210 FRINT"THE $SAME FIGURES FOR EACH CHECK"

220 PRINTYAND DEFOSIT LISTED ON THE

230 FPRINTU"STATEMENT . "IFRINT

280 PRINT"WHAT S THE ENDING EALANCE SHOWN"

290 FPRINTU"ON THE STATEMENT?"IINFUT 5B

A00 PRINTUNOW FIND THE MOST RECENT CHECK"

210 PRINTUTHAT IS ON THE STATEMENT.Y

230 PRINTU"WHAT IS THE CHECK NUMBER OF IT?"

340 INFUT LC

350 LE="ND MORE ROOM."
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3840
2940
400
410
430
440
450
4460
470
480
H0n
510
r"") 0
520
5440
550
560
570
580
400
4110
420
4630
440
&6 0
4710
4810
&90
700
710
720
730
740
750
740
770
780
790
200
210
819
gzo
8340
840

FRINT

FRINT"WHAT BALANCE IS SHOWN IN YOUR"
FRINT"CHECKEQOK AFTER CHECK NO."3LC
INFUT CEIFRINT

FRINTUENTER THE AMOUNT OF ANY DEFOSIT"
FRINTU"SHOWN IN YOUR CHECKEDOK FRIOR"
FRINT"TO CHECH";LCI"THAT IS NOT"
FRINT"ON THE STATEMENT.,"

AF="ENTER “END’ WHEN DONE"IFPRINT A%
INFUT R$IIF Re=UEND" THEN 540

TF VALLIR$Y =0 THEN 520

FRINT E$:GOTO 470
ND=ND+LITD=TD+VAL (R$)

GATO 480

FRINT"TOTAL ="§{TDIFRINT

FRINTU"NOW ENTER THE AMOUNTS OF ANY"Y
FRINT"CHECKS IN THE CHECHKEOOK FRIOR"
FRINT"TO CHECK"3LOC:"THAT HAVE NOT"
FRINT"YET BEEN SHOWM ON & STATEMENT."
FRIMT A%

INFUT R$

IF R$="END" THEN 690

IF VAL (R$Y:=0 THEN 460

FRINT E431GOTO 600
NC=NE+1LSCINCY=VAL (R$Y STC=TC+C (ND)

TF NCOMC THEN &10

FRINT L%

FRINT"TOTAL ="3TCIFRINT

FRINTUNOW ENTER THE AMOUNTS OF ANY"
FRINT"SERVICE CHARGES OR DEEBIT MEMOS."
FRINT A%

INFUT R#

IF Ré="END" THEN 790

ITF UAL(R$Y0 THEN 770

FRINT E$:GOTO 720
NS=NE+1 i TE=TE+VAL (R$)

GOTO 730

FRINT"TOTAL ="iTSIFRINT

GOSUE 2000
W=GE+TDATE~CE-TC-TRIW=ARS (W)

IF W=, 001 THEN 840

W= FRINT"IT BALANCES!"

GOTO 850

FRIMTU"SORRY, IT/S OUT OF BALANCE."
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850 PRINTIFRINTVSTATEME
240 NSITSH UHT
270
gan
aen
eno
@10
@20
ean E
2’.90!‘! 2

MT EBEALANCE +"
THNDTN( e
s n»rs'- +TD+TH
BraL ANDCE +"
NG+
=M CEATE+HTR

AMOUNT OF ANY DEFOSITY
2010 .I.N H]‘H\ CHECKEQOOK AFTER"
2020 1 'ENT"C!“I! MOV ILCEYTHAT I8 alson
2020 PRINTULISTED IN THE STATEMENT."

2050 FPRINT A%

2040 TMNFUT R%

2070 TF R4=UEND" THEN 2130

2020 TF VAL (REXS0 THEN 2100

2090 PRINT E$IGOTO 2050

2100 MR=NR4LITR=TR+VAL (RED

2110 GOTO 2040

2120 PRINT"TOTAL =" TRIFRINT

2140 RETURN

EASY CHANGES

Change the limitation of how many outstanding checks you
can enter. Line 150 establishes this limit. If you have more than
10 checks outstanding at some time, change the value of MC to
100, for example. You will need to have a 16K (or larger) com-
puter to make MC larger than about 40.

MAIN ROUTINES

120- 290 Initializes variables and displays first instructions.

300- 340 Gets most recent check number.

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

430- 540 Gets outstanding deposits.

550- 690 Gets outstanding checks.

700- 790 Gets service charges and debit memos.

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

2000-2140 Subroutine to get recent deposits.
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MAIN VARIABLES

MC
C
TC
TD
TS
TR
NC
ND
NS
NR
E$
SB
LC
CB
RS
A\
AS$
L$

Maximum number of checks outstanding.
Array for checks outstanding.

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.
Message showing how to indicate no more data.
Message indicating no more room for data.

SUGGESTED PROJECTS

1.

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

Save all entries from the operator and allow any of them to
be reviewed and/or modified if found to be incorrect.

If the checkbook is out of balance, have the program do an
analysis (as suggested in the “How To Use It” section) and
suggest the most likely errors that might have caused the
condition.

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 TRS-80 Color 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, quantitative manner. Your best choice will be in-
dicated and all of the possibilities given a relative rating.

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

HOW TO USE IT

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

1) Choosing an item (or thing),

2) Choosing a course of action, or

3) Making a yes or no decision.
You simply press 1, 2, or 3 followed by the ENTER key to in-
dicate which type of decision is facing you. If you are choosing
an item, you will be asked what type of item it is.
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If the decision is either of the first two types, you must next
enter a list of all the possibilities under consideration. A ques-
tion mark will prompt you for each one. When the list is com-
plete, type “END” in response to the last question mark. You
must, of course, enter at least two possibilities. (We hope you
don’t have trouble making decisions from only one possibility!)
After the list is finished, it will be re-displayed so that you can
verify that it is correct. If not, you must re-enter it.

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

The program now asks you to rate the importance of each of
the other factors relative to the most important one. This is
done by first assigning a value of 10 to the main factor. Then
you must assign a value from 0-10 to each of the other factors.
These numbers reflect your assessment of each factor’s relative
importance as compared to the main one. A value of 10 means it
is just as important; lesser values indicate how much less impor-
tance 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 pro-
gram first assigns a value of 10 to one of the decision possibil-
ities. 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 slight-
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ing of bird lovers is intended here, of course. Your actual
ratings may be entirely different.)

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

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

SAMPLE RUN
DECIDE

I CAN HELP YOU MAKE A
DECISIGN. ALL I NEED TO DO IS
ASK SOME QUESTIONS AND THEN
ANALYZE YOUR RESPONSES.

WHICH OF THESE BEST DESCRIBES
THE DECISION FACING YOU?
1) CHOOSING AN ITEM FROM
VARIOUS ALTERNATIVES.
2) CHOOSING A COURSE OF ACTION
FROM VARIOQOUS ALTERNATIVES.
3) DECIDING 'YES' OR 'NO'.

WHICH ONE (1,2,0R 3)? 1

WHAT TYPE OF ITEM IS IT
? VACATION

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

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

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

TRIP TO D.C.
END

HERE'S YOUR LIST:

CAMPING
SAFARI
TRIP TD D.C.

IS THE LIST CORRECT (¥ OR N)? Y

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

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

TYPE THE WORD 'END' TO
TERMINATE THE LIST.

RELAXATION
AFFORDABILITY
CHANGE OF PACE
END

HERE'S YOUR LIST OF FACTORS:
1) RELAXATICH
2) AFFORDABILITY
3) CHANGE OF PACE
DECIDE WHICH FACTOR ON THE
LIST IS THE MOST IMPORTANT AND
INPUT ITS NUMBER. (TYPE O IF
THE LIST NEEDS CHANGING.)
? 2

NOW LET'S SUPPOSE WE HAVE A
SCALE OF IMPORTANCE RANGING
FROM 0-10. WE'LL GIVE
AFFORDABILITY A VALUE OF
10 SINCE AFFORDABILITY
WAS RATED THE MOST IMPORTANT.

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

(@ RIS IS IRV AN
=

w N —
—

D D ) D
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RELAXATION
? 5.5

CHANGE OF PACE
?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.

**% (HIT ANY KEY TO CONTINUE)
(A key is pressed)

LET'S GIVE CAMPING
A VALUE OF 10 ON EVERY SCALE.
EVERY OTHER VACATION
WILL BE ASSIGNED A VALUE HIGHER
OR LOWER THAN 10. THIS VALUE
DEPENDS ON HOW MUCH YOU THINK
IT IS BETTER OR WORSE THAN
CAMPING.
CONSIDERING ONLY RELAXATION
AND ASSIGNING 10 TO
CAMPING,
WHAT VALUE WOULD YOU ASSIGN TO
SAFARI? 3
TRIP TO D.C.? 9
CONSIDERING ONLY AFFORDABILITY
AND ASSIGNING 10 TO
CAMPING,
WHAT VALUE WOULD YOU ASSIGN TO
SAFARI? 1
TRIP TO D.C.? 8

CONSIDERING ONLY CHANGE OF PACE
AND ASSIGNING 10 TO

CAMPING,

WHAT VALUE WOULD YOU ASSIGN TO
SAFARI? 60

TRIP TO D.C.? 25

29
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TRIP TO B.C. IS BEST
BUT IT'S VERY CLOSE.

HERE'S THE FINAL LIST IN
ORDER. TRIP TO D.C.
HAS BEEN GIVEN A VALUE OF 100
AND THE OTHERS RATED
ACCORDINGLY.

HIT ANY KEY TO SEE THE LIST.
(A key is pressed)

100 TRIP TO D.C.
98.6587184 CAMPING

18.8375559 SAFARI
0K

PROGRAM LISTING

100
110

150
1460
170
180
190
200
210
220
230
240
250
260
27

280
290
300
310
320
330
340
350
3460
400
410
420
430

REM? DECIDE - 16K

REM! (C) 1981, FHIL FELDMAN AND TOM
RUGG

CLEAR T00

MD=10

DIM L&D, FS MDY, V(MDD

DIM COMD,MDYDMD)Y , Z MDD

Ed= "END“

GOSUE 000

FRINT" X CAN HELF YOU MAKE A"
FRINTU"DECISION, aALL I NEED TO DO ISY
FRINT"ASK SOME QUESTIONS AND THEN"
FRINT"ANALYZE YOUR RESFONSES."

FOR J=1 TO 30IFRINT"-"3INEXT

FRINT

FRINT"WHICH OF THESE BEST DESCRIBES"
FRINTYTHE DECISION FACING YOU?Y
FRINT" 1) CHOOSING AN ITEM FROM"
FRINT" VARTOUS ALTERNATIVES."
FRINT" 2) CHOOSING A COURSE OF ACTIONY
FRINT" FROM VARIOUS ALTERNATIVES
FRINT™ 3) DECIDING “YES’ OR ‘NO7."
FRINT

INFUT"WHICH ONE (1,2,0R 3)"3T

IF T<1 OR T>3 THEN 200

GOSUE 5000

ON T GOTO 420,440,460

FRINT"WHAT TYFE OF ITEM I& IT"

INFUT T$IGOTO 500
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4410
450
4460
470
480
490
500
10
520
530
540
590
560
570
580
590
400
410
620
4630
6440
&S50
6610
4670
480
6910
700
710
720
730
740
750
760
770
780
790
800
810
200
210
20

930
240

T$="COURSE OF ACTION"

GOTO S00

Te="'YES’ OR ‘NO’"INI=2
L$(1)="DECIDING YES"

L$(2)="DECIDING NO"

GOTD 900

GOSUE S000:NI=0

FRINT™ I NEED TO HAVE A& LIST OF EACH"
FRINT T4:" UNDER"
FRINTU"CONSIDERATION. " IFRINT

FREINT" INFUT THEM ONE AT A TIME IN"
FRINTURESFONSE TO EACH QUESTION MARK."
FRINT

FRINT'" TYFE THE WORD “"jE$$"/ TO"
FRINT"INDICATE THAT THE WHOLE LIST"
FRINT"HAS BEEN ENTERED."{FRINT

IF NI<MD THEN 620

FRINT"~LIST FULL-"31GOTD 650
NI=NI+1IINFUT L$INID

IF L$(NIY=Ed THEN 600

NI=NI-1

IF NI»=2 THEN 700

FRINT

FRINT"YOU NEED AT LEAST 2 CHOICES!'!"
FRINTIFRINT"TRY AGAIN"

GOSUE S200:G0TO 500

GOSUE %000

PRINT"OK, HERE'S YOUR LISTI"
FRINTIFOR J=1 TO NI

FRINT JICHR&(8)Y ") "jL&(d)
NEXTIFRINT

FOR J=1 TO ?IR$=INKEY$INEXT

INFUT"IS THE LIST CORRECT (Y OR N)Y"IR%
IF R$="Y" THEN 900

IF R$<="N" GOTO 700

FRINT

FRINTUTHE LIST MUST BE RE-ENTERED"
GOSUE S200:G0TO 500

GOSUE S000R$=INKEY%$

FRINT'" NOW, THINK OF THE FACTORS THAT"
IF T«3 THEN PRINT"ARE IMFORTANT IN
CHOOSING THE"

IF T3 THEN FRINT"BEST ";T$3"."

IF T=3 THEN FRINT“ARE IMFORTANT TO
YOU TIN"
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QL0 TF T=3 THEN FRINTVYDECIDING "j;T#3"."
Q40 PRINTIPFRINTY INFUT THEM ONE AT & TIME
I‘ N 1

e7n ESPONSE TO EACH QUESTION MARK."

fan : NT™ TYPE THE WORD “"iE$;"° TOQ"

@on FHTNT“ CRMINATE THE LIST."

1000 PRINTINF=Q

1010 TF NF=MD THEN PRINT"-- LIST FULL --"
SPRINT

1020 ITF NF==MD THEN GOTO 1040

1030 MF=NF+LITNPUT F$ONFD

1040 TF F$INFIYCHES THEN 1010

1050 NF=NF-1{FRINT

LOAD TF NFIL THEN PRINTVYYOU NEED AT
LEAST 1 ~ REDO IT !¢

1070 TF NF<OL THEN GOSUR 5200

1080 TF MFL THEN 200

1100 GOSUER 5000

TLL0 PRINTUYHERESS YOUR LIST OF FaACTORSI™

=1 T NF

JICHRECEI Y "EFE D

1120
ti4q

“T”PFF DV WHICH FaCTOR O THEY
PRINTULIST I% THE MOST IMFORTANT anNDY
FrTNY”TNFUY TT“ NUMEBER. (TYFE 0 IF"
FRINMTUTHE LIST MEEDS CHANGING. !
TINFUT ald TR0

THEM 200
A0 THEN 1100

IF NF= THI‘I 1500

FRIMT™ NOW LET S SUPFISE WE HAVE AY

FRINTUSOALE OF IMPORTAN R&ENGING
R MonN-10,.  MWESLL GIVEY

(axs™ & ValuE oFv

NCE "iF$0A)

FATEDRD THE MOST IMPORTANT."
BTN *“iINT“ OMN THIS SCALE, WHAT

Val.uE oFv

ﬂfTHT”IMPDRTﬁNFF UHULD THE OTHER"

T0O NF
THFN 1490
INT Fe b

rvrur Wi
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1450
14460
1470
1480

1420
1500
1310
1520

1530

IF ¢ E0 THEN 1480

TF YL =10 THEN 1480

GOTO 1490

FRINT" IMPOSSTELE VALUE - TRY aGAIN"
$GOTO 1430

NEXT

Vi r=1080=03F0OR J=1 TO NF
Q=+ D INEXTIFOR J=1 TO NF

V=R AQINEXTIGOSUE 3000

IF T3 THEN PRINTY EACH "iT$3Y MUST
NOW"

IF T=3 THEN FRINT" DECIDING “YES’ 0OR
DECIDING"

TF T=23 THEN PFRINT" N0 MUST NOW'
FRINTYEE COMPARED WITH RESPFECT TO®
FRINTU"EACH TMPORTANCE FaCTORr."
FRINTY WE7LL CONSIDER EACH FACTOR"
FRINTUSEFARATELY AND THEN RATE"

IF T<=82 THEN PRINTVEACH "3T#3" IN
TERMS"

TF T=3 THEN PRINT"DECIDING “YES’ OR
DECIDING"

TF T=3 THEN PRINT" NQO’ IN TERMS"
PRINT"OF THAT FACTOR ONLY."
FRINTIPRINTxxx (HIT ANY KEY TO
CONTINUE"

Re=TNKFYS$ITF R$="" THENIL&H38
FRINTIFRINTY LET’S GIVE "ilLEdl)
FEINT"A VaLUE OF 10 ON EVERY SCaLE."
TF T3 THEN PRINTY EVERY OTHER "5T#%
IF T=3 THEN P T OTHEN DECIDING “NO-"
FRINTVYWUILL BE AS5I6GHED & VaLUE HIGHER"
FRINTOR LOWER THAN 10, THIS ValUE"
FRINTUDEFENDS ON HOW MUCH YOU THIMK"
FRINTYIT IS5 BETTER OR WORSE THaN"
FRINT L$¢iyiv.n

FOR J=1 TO NF

FRINT' CONSIDERING ONLY "IF®d0
FRINT"AND ASSIGHING 10 TO"

FRINT L$ilyin,"

FRINTUUHAT UalUE WOULD vOu ABSIEWN TOY
FOR H=2 T0O WM

FRTNT LENYEIINFUT COK, )

TF DOH,Jdyr=0 THEN 1900

1"
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MEGATIVE VALUES TLLEGAL - "’

y=10 §NEXT

s d Y ARINEXTINEXT
HI D y=0
H:
POOK s JrRUV O THEXT
FOR K H) HI
X THEM E
=1 T NI
YOI L00 MK
1 TO N"’"
ST EFOR K=l
=1 T M Nl
b

) ("I c\ []
.'c-‘, neg
2100
AR

e

A

NEXT

A

TGO NI

A |‘k h’ )3 l‘E“J‘ UL
FodLye IE E
o THERN FRINTOBEUT X775 VERY

23200
2310

Fo)

THEM 238
THEN FRINTUEUT IT7% FAIRLY

2320
2330

23 4 0

A FAIR AMOUNT . "

LI&ET INY

OF 1oa”

' ) HIT ANY KEY TO SEE THE LIST."
25N R=TNEEY 4

2440 TOTHEM 2450

&a

=1 TO NISE=Z0d)
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2490 PRINT DR SLEOR) SNEXT

5000
n01

20

1 TO SO0 IHEXT
STELEZ, "DECTIDE"
CTURN

S200 FOR J=1 TO 1500 INEXTIRETURN

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
conflicts with items on the list), change the definition of E$
in line 190. For example, to use the word “DONE,” change
line 190 to
190 E$ =“DONE”
Line 5200 contains a timing delay used regularly in the pro-
gram. If things seem to change too fast, you can make the
number 1500 larger. Try
5200 FOR J=1 TO 3000:NEXT: RETURN

The program can currently accept up to ten decision alterna-
tives and/or ten importance factors. If you need more, in-

crease the value of MD in line 160. Thus, to use 15 values,
line 160 should be

160 MD =15

MAIN ROUTINES

150- 190 Initializes and dimensions variables.

200- 360 Determines category of decision.

400- 490 Gets or sets TS.

500- 810 Gets list of possible alternatives from user.
900-1220 Gets list of importance factors from user.

1300-1490 User rates each importance factor.
1500-1900 User rates the decision alternatives with respect to

each importance factor.

2000-2110 Evaluates the various alternatives.

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

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

MD Maximum number of decision alternatives.

NI Number of decision alternatives.

NM NI-1.

L$ String array of the decision alternatives.

NF Number of importance factors.

F$ String array of the importance factors.

\Y% Array of the relative values of each importance
factor.

A Index number of most important factor.

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

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

TS String name of decision category.

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

J,K Loop indices.

RS User reply string.

Q,N1,N2 Work variables.

D Array of each alternative’s value.

MX Maximum value of all alternatives.

DF Rating difference between best two alternatives.

Z Array of the relative rankings of each alternative.

SUGGESTED PROJECTS

1.

2

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

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



LOAN

PURPOSE

One of the most frustrating things about borrowing money
from a bank (or credit union or Savings and Loan) is that it’s
not easy to fully evaluate your options. When you are borrow-
ing 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 in-
terest rate for your loan if you can come up with a larger down
payment. 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 consid-
ering. Only whole dollar amounts are allowed—no pennies.
Loans of one million dollars or more are rejected (you can af-
ford to hire an investment counselor if you want to borrow that
much). Then you are asked the yearly interest rate for the loan.
Enter this number as a percentage, such as “10.8.” Next, you are
asked to give the period of the loan in months. For a five year
loan, enter 60. For a thirty year mortgage, enter 360. The pro-
gram then displays this information for you and calculates the
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monthly payment that will cause the loan to be paid off with
equal payments each month over the life of the loan.

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

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

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

The fourth option ends the program.

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

NOTE: SEE DISCLAIMER IN FRONT PART OF BOOK
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SAMPLE RUN

LOAN CALCULATAOR

LOAN AMOUNT? 62000
INTEREST RATE? 15.5
LENGTH OF LOAM (MONTHS)? 36ef]

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

62000 FOR 350 MO. AT 1S5.9 Z
MONTHLY PAYMENT [S 303,31

NEXT ACTION:

1 - MONTHLY ANALYSIS
2 OVYERRIDE PAYMENT
3 START OVER

4 - END

?

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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62000 FOR 360 AMO. AT 15.9% %
REMAINING --~INTEREZT---
BALANCE MONTH TO-DATE
61992.02 800.83 800.33
61983.94 800.73 1601. 56
61975.76 800.63 2402.19
61967. 47 800.32 3202.71
61959.07 800. 41 4003.12
61950.56 8098.39 4803. 42
61941.94 806.19 5693.61
61933.2¢t 896.08 6403.69
61924.37 799.97 7203.66
19 61915.42 799.86 8093.52
i1 61906.35 799.74 8903. 26
ie 61897.16 799.62 9602. 33
PRESS KEY TO GO OM (T=TOTALZ)

=

Ly
1
2
3
4
S
6
7
8

w

The program responds with information about the first twelve months
of the loan, then waits.

62000 FOR 360 MO. AT 15.%5 %
REMAINING ---INTEPEZT---
na. BALANCE MOMTH TO-DATE
CALCULATING TOTALS..

LAST PAYMENT = 731.38

TOTAL PAYMENTS = 291094.17

MONTHLY PAYMENT HWAS 808.81

PRESS KEY 7d GO aM

The operator presses “T”, and after a few seconds the program
displays totalling information about the loan.
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PROGRAM LISTING

100 REM: LOAN CALCULATOR

110 REM: (C) 1981, TOM RUGE AND FHIL
FELDMAN

120 CLEAR 2003CLSIELS=" 0

130 PRINT"LOGN CALCULATOR"

140 FRINT

L&D ITNFUTYLOAN AMOUNT" A

155 GOSUR 10003XF A=0 THEN 1350

1460 INFUT"INTEREST RATE"IR

170 INFUT"LENGTH OF LOAN (MONTHS)M3IN

180 R=ABRS(R) IM=R/1200

120 GOSUER 800 3IW=]

200 FOR J=1 TO NIW=Wx{1+M) INEXT

210 P=0AXMYW)/ (W-1)

220 P=INT(PX100+.99)P=F/100

220 PRINT"MONTHLY FAYMENT IS"iF

240 FP=FIPRINT

250 PRINTYNEXT ACTIOND"

270 PRINT"1 -~ MONTHLY ANALYSIS"

280 PRINT"Z - OVERRIDE FAYMENT"

290 FRINT"3 - START OVERY

300 PRINT"4 - END"

310 INFUT C

320 ON C GOTO 440,400,120,370

A20 PRINTY"CHOXICES ARE 1,2,3,4"

a4 GOTO 250

270 END

400 FRINT

410 INFUT"MONTHLY FAYMENT'"F

420 GOTO 240

440 GOSUE 450:G0TO 510

150 GOSUR 800

440 PRINT TAECS) J"REMAINING" §

470 PRINT TARCL?)$"---INTEREST---"

480 FRINT"MO. EALANCE" ;TAB(LS) 3

490 FRINT"MONTH TO-DATE"

00 RETURN

Bl 00 8T T=02TR=02=0

G20 P=Pxl00iR$=""FOR J=1 TO N

520 T=MxBT=INT(T+,.5)

T40 TF JsmNOTHEN P=BR+T

S50 TP=TR+PRE=E-F+TETT=TT+T

560 TF B0 THEN GOSUER 2000
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CORE=UTYOTHEN 490
REM L)EaUL- FO0IEE=5
=T IGOSURE Q003 TH=RIGHTH (54,8)
WaTTIGOGUR 2003 TTH=" "+54%
A0S JE=STRECD JUE=RIGHTECJE, LEN(J$E)Y -1
ALD PRINT JSITAB(AY IBEITHITTS
AZ0 L=+ 8TF L12 THEM A%90
“RT FGG KEY TO GO ON'g
ﬁi"T“ (T=TOTALSY"
E=TNMEYSTF Rg="" THEN &30
.(""0
THEN 490

£80 FRINTUCALCULATING TOTALS. "
490 NEXT

RTNTUPRINTULAST FAYMENT ="}
CINT F/100
RINTIFRINTUTOTAL FAYMENTS =;
FRINT TF/100
RINT SFRINTUMONTHLY PAYMENT WAS"FP
PRTNT
il
TF LENC]

Lt Dt
L+, "+
s 20
+04

RE TURN
3 RETURN

,! ’zﬂﬂ
IR AE
1020
193¢
zaen

EASY CHANGES

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

(A a=INTIAD
UL O00AD08 THEN RETURM
“"'TI’)” LaRGE"

TF+E B SRETURN
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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
MAIN ROUTINES

120- 170
200- 230
250- 370

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

1000-1030
2000

Displays title. Gets loan information.

Calculates and displays monthly payment.

Asks for next action. Goes to corresponding
routine.

Gets override for monthly payment.

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

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

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

MAIN VARIABLES

BL$

TTS
S$,D$

String of 6 blank spaces.

Amount of loan.

Interest rate (percentage).

Length of loan (number of months).

Monthly interest rate (not percentage).

Work variable.

Monthly payment (times 100).

First monthly payment.

Choice of next action.

Remaining balance of loan (times 100).

Total interest to date (times 100).

Total payments to date.

Number of lines of data on screen.

Reply from operator at keyboard.

Work variable for loops.

Monthly interest.

Remaining balance to be displayed (two decimal
places).

Monthly interest to be displayed (two decimal
places).

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

Work variable.
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SUGGESTED PROJECTS

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

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



MILEAGE

PURPOSE

For many of us, automobile operating efficiency is a contin-
ual concern. This program can help by keeping track of gasoline
consumption, miles driven, and fuel mileage for a motor vehi-
cle, It allows reading and writing data files with the cassette
unit. Thus, a master data file may be retained and updated. The
program 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 beginning of
a tape. One tape could certainly be used this way, with each file
writing over the previous one. However, we suggest alternating
between two physical tapes. This will insure a reasonably up-to-
date back-up tape in case of any failure.

The program operates from a central command mode. The
operator requests branching to any one of five available subrou-
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tines. When a subroutine completes execution, control returns
to the command mode for any additional requests. A brief
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 ter-
minal. This mode is used to provide additional information
after a cassette read and to enter data for the first time. The pro-
gram will prompt the operator for the required information and
then let him verify that it was entered correctly. A response of
“D” to the verification request signals that no more data is to be
entered.

3) WRITE NEW MASTER FILE

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

4) DISPLAY MILEAGE DATA

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

5) TERMINATE PROGRAM

Ends execution and returns the computer to BASIC.



MILEAGE 47

SAMPLE RUN

MILEAGE

cCOMMAND LIST

1> READ OLD MASTER FILE

2) INPUT DATA FROM TERMINAL
3> HRITE NEW MASTER FILE

4)> DISPLAY MILEAGE DAaTA

5S> TERMINATE PROGRANM

ENTER COMMAND BY MNUMBER? &

The program’s menu is displayed and the operator chooses option #2.
This allows data to be entered directly from the terminal.

ENTER THE FOLLOWING DaTH
- DATE (E.G. 1/23/32>

— ODOMETER READING (MILES)
- & GALLONS BOUGHT

DATE? 9/28/81
ODOMETER? 51451.1
= GALLONS? 14.6

INPUT BATE: 9/28/81
CHECK ODOMETER: 51051.1
GALLOHS: 14.6

- IS INPUT OK ? -
(Y=YES, M=MO, D=YES AND DOME)? 7

The first data record is input and the operator confirms it is correct.
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DATE ODOMETER GALLOMS NPG
9,/28/81 S51051.1 14.6 0
10/6/781 51299.7 13.8 18
10/17/81 51553.8 13.1 19.4
10/29/81 51798 13.7 17.8
1175781 52041.9 13.3 18.3
11715781 52304.9 14 18.8

11726781 5257a.8 13.7 19. 4
1271781 52842.5 14.6 18.6
1279781 53048. 4 11.8 17.4
12715781 53359.7 14.7 21.2
1e/23/81 53681.2 13.3 18.2

HIT ANY KEY FOR CcOMMAND NMODE

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

S>> TERMINATE PROGPAN

ENTER COMMAND BY NUMBER? 23

1-POSITION THE TAPE FOR MWRITING

2-PRESS THE RECORD AND PLAY
KEYS ON THE RECORDER

NAME FOR FILE? vOLvOost

WRITING FILE: vOLVYOS!:
RECORBS 21 2 3 4 S5 6 7
8 9 10 11t

3-PRESS THE RECORDER®S STOP KEY
4-PRESS A KEYBOARD KEY

The operator now selects option #3 and writes the data to a file called
VOLVOS81 on cassette tape.
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S) TERMINATE PROGRAN
ENMTER COMMANMD BY MUMBER? 1

1-POSITION THE TAPE FOR READING

2-PRESS THE PLAY KEY OM THE
RECORBER

3-PRESS A KEYBOARB KEY

REABING FILE: vOLvOsl
REABING RECORBS # 1 2 3 4 §
6 7 8 9 18 11

4-PRESS THE RECORDER"S STOP KEY
S-PRESS A KEYBOARD XEY

By selecting option #1 in a subsequent run, the file VOLVOSI is re-
trieved from cassette tape to begin a new session.
PROGRAM LISTING

100 REME MILEAGE -~ 148K
110 ”ne () 1981, PHIL FELDMAN AND TOM

140
150

1AD

200

S DOMREY L GOMRY  MIMRD
Irﬂ.. (L2 P MILEAGEY

LSl
.'in STER FILEY
i Tf h MIMN

ENTER COMMAND BY NUMBER"IR
TR

THEN 18D0

ZOTO 1500,400,800,1100
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330 GOTO 200

400 IF N<MR THEN 440

410 FRINT

420 FRINT"xXx NO MORE DATA ALLOWED xx©
430 GOSUE 2000:GOTO 200

440 FRINT

450 PRINT"ENTER THE FOLLOWING DATA"
440 FRINT"- DATE (E.G. 1/723/782)»"

470 FRINT"- ODOMETER READING (MILES)Y"

480 FRINT"- # GALLONS BOUGHT"
490 N=N+1IFRINTIINFUT"DATE" ;}R$
900 Re$=LEFT$(R$,8)iD$%(N)=R¢

510 INFUT"ODOMETER" jRID(N)=R
920 IF R<0 THEN 310

330 INFUT"E GALLONS"IRIGIN)I=R
540 IF R<0 THEN %30

G950 PRINT

560 FRINT" INFUT DATE: "iD$(N)
570 FRINT" CHECK ODOMETER:" ;D IN)
G980 FRINT TAERCL0) JVGALLONSI"IGIN)

990 PRINT:FRINT" - IS INFUT OK ? -"

400 INFUT" (Y=YES,;N=NO,D=YES AND DONE)";R%
610 R$=LEFTH(R$,1)

620 IF R$<:="N" THEN 660

630 N=N-13:FRINT

640 FPRINT" REDO LAST DATA"

650 GOTO 490

660 IF R$&="D" THEN 200

670 IF R$&<H"Y™ THEN 590

680 IF N=MR THEN 410

4690 GOTO 490

800 IF Nx0 THEN 830

810 PRINTIFRINT"xX NO DATA TO WRITE xx'
820 GOSUE 2000:GOTO 200

830 RE="WRITING"::GOSUE 3000

840 PRINT"Z-FRESS THE RECORD AND FLAY"
850 FRINT" KEYS ON THE RECORDER"

860 FRINT

870 INFUT"NAME FOR FILE";T$

880 K=NIIF N:MW THEN HK=MW

890 OFEN "0O",#-1,"MILEAGE"

P00 FRINTH-1,T$IFRINTE-1,K

210 K=1iL=NITF N<=MW THEN 93

220 FRINT" - ONLY THE LAST":MW;"VALUES"
930 FRINT" WILL EE WRITTEN"
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o410

PE0

P40

o7

QE0

o0

1000
1010
1100
1110
1120
1130
1150
11460
1170
1180
1190
1200
1210
122

12320
1240
1250
1240
1270
1280
L1290
1300
1310
1320
13320
1340
1350
1340
1370
1380
1390
1400
1410
1420
1500
1510

oMM
FRINTU"HWRITING FILED "iT4
FRINT"

FOR

ME 4

RECORDES #"5
TO L

FRINTE~L,DS (I D00 GO0
FRINT Jj
CLOSE
FRINTIGOEUE 3200:G0T0 200
IF MN=0
FRINTSFRINT ®xx NOT ENOUGH DATA xx'
GOSUE 2000:G0TO 200

MCOLY=08F0R J=2 TO N

TF GGy
MOd)=

;“;

Rz (L () -

MOd)=

IF L

CLS

FRINT"DATE

SNEXTIPFRINT

1IP$="3" I Rp="4"

THEN 1130

0 THEN 1170

0:GEOTO 1190

D132 /600D

e TF R0 THEN MOJ)=0
NEXT 3 K=-11311=0
Ke=H+12

N

+
*

Le=l+12
THEN L=N

ODOMETER" §

FREINT TABCLE) JV"EALLONG MPE"

FOR

. J ]

GOSUE

IF Qx

GOSUE
FRINT DECHFTARCLI-T) RS
Q=G d e
TF Qx9%9 THEN Q=999
GOSUE

FRINT

Q=M 2
IF Q=999 THEN Q=99¢

GOSLE

E

FRINT
FRINTITF LN THEN 1410

FRINTYHIT
Y

. ITOMTT ANY KEY TO CONTINUE®

G OSUE

ik

K
4

4

ﬂ.

T

4

T

3

TO Q=D
0oo

99999 THEN Q=99999

100
1GOSUE 4&&0
100
ARLZ0-THYi0:
GCOSUE 4000

Log
ABCET-TY QA INEXT

ANY KEY FOR COMMAND MODE"
QIGOTO 200

ke

SEDLCOTO 1200
INGYIGREUR 3000

FRINT"Z-FRESS THE PLAY EEY ON THE"

TPTF

1T

RECORDER"
PRESS & KEYEOARD KEYY

51
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IF Rg="" THEN 1540
) s "MILEAGE™

1570 ;,11

1580  FILES “iT4

1590

1600 THEN 1640

NT”** TOO MANY RECORDZ ON TaPE xx©

.Mjelb(J\ U(J*,lkd‘

son g {..
LWt b
2

BJUC.LDID 200

§uﬁ END
MJHF sUUVD 100,10
2500 FOR G=1 TO 2000 8NEXTIRETURN
3non FRINT
3010 FRINTY"L-FOSITION THE TAFE FOR "3R$
anz2o RETURM
2200 PRINT P#&:V-PRESS THE RECORDER’S STOF
KEY™
3210 PRINT Fﬂ’“ -FRESS & KEYROARD KEY"Y
Re=TNKEY
IF R%ﬂ”” THEN 3220
FRETLURN
4000 Q=0x10+0,550=INT(R)/10
4010 RETURN
4100 IF Q9999 THEN T“” RETURN
4110 TF Q999 THEM T=4IRETURN
4120 TF Qx99 THEN T- “ETURN
4130 IF Q-9 e
4140 T=1IRETURN

EASY CHANGES

1. Changing the value of MR in line 160 alters the maximum
number of data records that the program allows. You may
need to make MR larger to accommodate additional data.
For typical data (such as in the sample run), a 16K TRS-80
Color Computer will allow well over 300 data records. To
adjust MR, simply change its value in line 160 from its cur-
rent value of 20 to whatever you choose. If you increase the
value of MR past 30, you should also change the argument
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of the CLEAR in line 140. Make this argument ten times the
value used for MR in line 160.

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

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

490 N=N+ 1:PRINT:R$ = “-———- »

MAIN ROUTINES

140- 180 Dimensioning and variable initialization.

200- 330 Command mode. Displays available subroutines.
400- 690 Accepts terminal input.

800-1010 Writes data to the cassette unit.
1100-1420 Calculates mileage and displays all information.
1500-1690 Reads data from the cassette unit.

1800 Terminates execution.
2000 Sounds warning for error messages.
2500 Delay loop.

3000-3240 Displays messages for cassette operation.
4000-4010 Numerical rounding subroutine.
4100-4140 Sets TAB arguments for printing.

MAIN VARIABLES

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

D Array of odometer readings.

G Array of gallons per fill-up.

M Array of mileage per fill-up.

R Command mode input.
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P$,R$ Temporary string variables.

T$ Data file name used in reading or writing with
cassette.

J Work variable, loop index.

K,L Loop bounds.

Q Work variable.

T TAB argument decrement.

SUGGESTED PROJECTS

1.

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

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

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

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

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



QUEST/EXAM

PURPOSE

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

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

HOW TO USE IT

As currently set up, the program assumes that the question-
naire or exam has 15 questions, that there are four choices per
question, and that there are no more than 20 entries (exam
papers). If you have more than 4K of RAM, these limits can be
increased. See the Easy Changes section for details.

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

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

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

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

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

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

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

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

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

Option four ends the program.
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SAMPLE RUN

QUESTIONNAIRE/EXAN ANALYZER

ENTER ANSHER KEY OR PRESS ENTER
1
123456789012345
123313244121134

ENTRY MUMBER 1

- i
~ F234356783912345

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

ENTER ANSMER KETY OR PPEZ- ENTEP
1
123456789012345
? 123313244121134

ENTRY MUNMBER 1
1
123456789061234S5
? 123313243121144
13 CORRECT, 86.6666667 PERCENT

ENTRY MUMBER 2
1
123456783012345

The answers are entered for the first student. The program responds
with the number and percentage correct.
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123456789012345
7 123323344122134
12 CORRECT, 80 PERCENT

ENTRY NUMBER 9
1
i 123456789012345

jﬁ?EﬁﬁEE = 84. 1666667 PERCENT

NEXT ACTION:

- ANALYZE QUESTIONS
ABP MORE ENTRIES
REVIEN DATA ENTERED
END PROGRAN

Later, instead of providing data for a ninth student, the operator
presses the ENTER key, indicating no more entries. The program
displays the overall percentage correct, and displays a “menu” of
choice of actions. The operator picks number one.

NEXT ACTIOM:

1 - ANALYZE QUESTION:
2 ADD MORE ENTRIES

3 REVIEW DATA ENTERED
4 END PROGRAN

T 1

ANALYSIS FOR QUESTION NO. 1

RESPONSE COUNT PERCENT
7 87.5 C
12.95

1

9 0

0 9
BLANK 1 9

PRESS A KEY

The program provides an analysis of the responses for question
number one, then waits for a key to be pressed. Note that seven
students answered with number 1, the correct answer.
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- REYIEW DATR EMNTEFPED
END PROGRAN

3
4
?

3

1
123456789012345
123313244121134--KEY
123313243121144--H0O.
123313244121134--N0O.
123313344111133--N0.
223313244121134--N0.
122323244121134--NH0.
123412344122134--N0.
123312234112134--N0O.
123323344122134--N0.
PRESS A KEY

WRDNITASdWMN -

Later, the operator asks for option number 3, which lists the data
entered for each of the students.

PROGRAM LISTING

100

110 RUGEG aND FHIL

120

130

, q. n X \l:‘ 1
150

MENTER ANBWER KEY OR PRESS ENTERY
LE F0050=RIGHTE{STRE(CY 1)

T FUT AITF LENOAS)=0 THEN 340
TFOLENCA$ Y0 THEN PRINT E#1GOTO 2350
TE=A$ 1 6G05UE 850
THHH

i TF Th="E" FRINT E$:GOTO 250
K1
=0 L FRINT SPRINT"ENTRY NUMBER" § K

EMIQEIRY D
IF HHO YHLM Gl
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390
400
405
430
441
4m0

440
470
4725
480
500
G10

HOFPRINTYRESPFONSE

IF
T
IF
IF
FOR

W0 THEN
Q% (KO 1G0S
Th=ERY T
LENOHE Y=
L TO 2

FRINT
g g5
NOFRINT
THEN 480

f “"Pilfﬂa¥t
FEIMI LKIUG’U“”lm &
Ma=R+l I TF Had=N THEN "3";(!
L E 'FN(HF\ (1 THED
FRINT"AVERAGE =" iTRx100
GOTD Q40

FOR =1 TO QIR=
FRINT"ANALYS

0 CFRINT
FOR QUES
COUNT
FOR L=0 TO CICOLY=0INEX

FOR L=1 TO K274

WAl (TS0 (WY =0
FOR L=1 TO CIFRIN
FRINT G(L)ﬁTﬁEiiﬁ)foL\
TF LENOA$Y=0 THEN
TE=RIGHTH{ETRE (L), 1D
IF To=MIDE AL, J, 10
&40

i FRINT
MEXTIFRINTUYERLANK" (TAR(L

FRINT CO0)x100 /K IPRINT
TF LENCINKEY$ Y=
MEXT JIGOTO 940
L=0tG0SUE 20031 TF
FRINT TAR(2) 4%
FOR J=1 TO K

FFI“T TaAE(ZY3as) 3"

@!*I‘TF L10
L=0iFRINT P4

ITF LENCINEEYS =0
NEXTEIFRINT P4

IF LENCINKEY$)=0
GOTD @40
FOR J=1

M THEN

THEN

Ja0

THEN

TO LEN{T$YIXF

G870

E:GOTO

E$GOTOD

hfﬁ‘FN“,)! P IDE QP (HD

FRINTIGOTO

THEN

I L N { l':t'l '5'53 )= []
~KEY "

........ MO " ¥

THEN 7

MID®
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350

350

sdal)

T

520
PG EE 4L

TION
fFE
N‘s'

l\’t) l!'}

[:fnht1

(lUUfkg
\\\ U

FRINT"C"IGOTO

1y3Ce0d;

P4

THEN &80

THEN 7210

2 4 ! L

770

Al

(7% AR

"PERCENT

Tk CLEY §
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40 TF MIDSTE, . 1000 OR MIDS (TS, d, Lr=04%

THEN 880

870 MEXTIRETURN

880 TE="ER"IRETURN

QNN W=QR/10:TF WOl THEN 920

@10 FOR J=1 TO WIFRINT TABCJKLO) $J3SNEXT

SPRINT

@20 FRINT TAR(Z2):

920 FOR J=1 TO QIT$=S
240 FRINT MID$ITSH.L

9a0
97n

X
1
1

% QYD)
ENOTEY LY S ENEXTEFRINT

FRETURRK

1 ' TEITd=
050 TF OTHLY OR
DA0 ON UALITEY GOTO
070 BPRINT ESIGOTO 940

Lon END

THEN 1070
0. 480,700,1100

EASY CHANGES
1.

As shown, the program will fit in a 4K Color Computer.
With a 16K computer, you can allow for more questions per
exam, more choices per question, and more students (or
questionnaire respondents). For example, to allow for 25
questions, five choices per question, and 40 students, make
these changes:

120 CLEAR 2000:CLS
150 Q=25:C=5:N=40

MAIN ROUTINES

120- 140 Initializes variables.

150- 160 Sets limits for questions, choices, and entries.
Allocates arrays.

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

330- 335 Checks legality of answer key.

350- 400 Gets exam data for Kth entry.

430- 475 Scores Kth exam, if applicable.

500- 510 Displays average score, if an exam.
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530- 690
700- 800
850- 880
900- 940

960-1100

TRS-80 Color Programs

Analyzes responses to each question.

Displays data entered.

Subroutine to check legality of input data.
Subroutine to display guide numbers over input data
area.

Displays choices for next action. Gets response and
goes to appropriate routine.

MAIN VARIABLES

ES$
P$
Q
&
C

N
Qs
A$

C$

K

R

w
J,LM
TR
T$

Error message.

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

Number of choices per question.

Array for tallying number of people responding with
each choice.

Maximum number of entries.

Array of N strings of entries.

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

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

Loop variables.

Total right for all entries.

Temporary work string variable.

SUGGESTED PROJECTS

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

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

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

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

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

HOW TO USE IT

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

When done with your list, type the word END and press
ENTER. The program then tells you how many items were en-
tered and begins displaying them in sorted (alphabetical) order.
If you have more than 14 items, you will want to use the Color
Computer’s capability to stop scrolling the display by pressing
the SHIFT and “@” keys at the same time. This will stop the
program before the first items disappear from the screen. Then
you can let the list continue by pressing any key. If you do not
stop the list quickly enough, you can type GOTO 500 after the
program ends to display the list again. You may also want to try
the Easy Change below that puts more than one item on each
line of the display.

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

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

SAMPLE RUN

ee SORT A LITT ee

ENTER EACH ITEN.

S0 ITENMS MAXINUMN.
*"END®" ENDS THE LIST.
? HOGAN GARY
FORBES RANDY
HRUBES Dala
RABBIT MARILYHN
HCKAY MAE
CHRISTIAN YELVYET
BavIS JIN
ARMSTRAONG ART
END

1
a2 7
3 17
4 7
5 ?
6 2
7 7
8 ?
3 7

The operator enters eight names, and END to end the data entry.
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MCKAY HNAE
CHRISTIAN YELVYET
DAVIS JIn
ARMSTRONG ART
? END
ITEMNS ENTERED.
ARNSTRONG ART
CHRISTIAN VELVET
BAVIS JIN
FORBES RaANDY
HOGAN GARY
HRUBES BaNa
HCKAY NAE
RABBIT MARILYN

WOONOOW

1
e
3
4
S
6
7
8
K

Q

The program displays the alphabetized list, and then ends.

PROGRAM LISTING

100 REM! SORT & LIST

Lig REM: (C) 1981, TOM RUGE AND FHIL
ELDMAN

130 DLEAR 80D

140 N=E0tESs="END"

LEOL DIM ASN) SGOBUR 600

LAD M=l

170 IF K=N THEN 250

180 PRINT HESINFUT R$IIF Ré=E$ THEN Z350

190 TF R$="" THEN 180

200 A (KO =R$IH=K+11G0TO 170

250 H=K-13TF H:0 THEN 300

24H0 FRINT"xx NO INFUT xx"

270 LOTO 140

200 PFRINT KI"ITEMS ENTERED."

A50 TF H=1 THEN 500

360 FOR J=K TO 2 STEF -1

A70 RE=A%{L) IF=1

3280 FOR L=2 T0O J
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390 TF A% (LYER$ THEN Ké=a%]
400 NEXTIA%CF)=A® S AS D)
410 NEXT

FOR

= TR K
JETABOAY 1AL

520

=550

HO0 LS

HGLD PRINT xx SORT & LIST xx!
420 PRINT

430 PRINTUENTER EACH ITEM."

AH40 PRINT Ni"ITEMS MaXIMUM."
ADO PRINTYZ"IES:Y EMDE THE LIST."
460 RETURM

EASY CHANGES

1. Some simple changes can allow the program to handle more
data. In a 4K computer, you can allow for up to 100 items,
where the average item is no more than nine or ten charac-
ters long, by making these changes:

130 CLEAR 1000

140 N = 100:E$ = “END”
With a 16K computer, you can have up to about 800 items
of the same length with:

130 CLEAR 8000
140 N =800:E$ =“END”

Be aware that 100 items may take 40 to 60 seconds or more
to sort, and 800 will take more than simply eight times that.
2. If you want to sort numbers instead of alphabetic data,
make these changes:
a. Delete the dollar signs in lines 150, 200, 370, 390, 400,
and 510.
b. Insert this line:
195 R=VAL(RS)
c. Change the title, if you wish. For example, replace
“ITEM?” in line 630 with “NUMBER,” and “ITEMS” in
640 with “NUMBERS.”
3. To reduce the problem of getting only 14 to 16 items on the
screen at once, you can try one of these changes:
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4.

Sa

510 PRINT J;A$(J);“/”;
or
510 PRINT A$(QJ);“/”;

This will print multiple items separated by slashes on each
line. The second change will also eliminate the item number
from the display. Of course, you can separate the items with
some character other than a slash if you like.

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

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

MAIN ROUTINES

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

350-410  Sorts items alphabetically.

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

MAIN VARIABLES

N
E$
A%
K
RS

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

Array of items to be sorted (in place).

Count of number of items actually entered.
Reply from operator. Also a work string variable.

J,L,F Work and subscript variables.

SUGGESTED PROJECTS

1.

2.

3.

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

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

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



Section 2

Educational Programs

INTRODUCTION TO EDUCATION PROGRAMS

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

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

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

By no means is the TRS-80 Color Computer restricted to
mathematical disciplines. We include two programs designed to
improve your word skills. VOCAB will help you expand your
vocabulary. TACHIST turns the computer into a reading clinic,
helping you to improve your reading speed.

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

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



ARITHMETIC

PURPOSE

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

The problems are constructed randomly within the 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

First, in order to initialize its random number generator, the
program requests that any key (except BREAK or SHIFT) be
hit.

Next, the student must indicate what type of problem he
wishes to do. The program requests an input of 1, 2, or 3 to in-
dicate addition, subtraction, or multiplication, respectively. It
then asks whether easy, medium, or hard problems are desired.
Again an input of 1, 2, or 3 is required.
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Now the screen will clear and four problems of the desired
type will be displayed. The user now begins to enter his answers
to each problem.

A question mark is used to prompt the user for each digit of
the answer, one digit at a time. This is done moving right to left,
the way arithmetic problems are naturally solved.

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

Digits are entered in this right to left manner until the com-
plete answer has been input. Then the ENTER 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 ENTER key is pressed to begin a problem, an answer of
zero is assumed intended. No problems created by this program
have answers of more than three digits. If a four-digit answer is
given, the program will accept the answer, but then go im-
mediately to the next problem. Answers to the problems are
never negative.

The program will display the correct answers to the four
problems on the screen after the student has entered his four
answers. The message “RIGHT” or “WRONG” will also be
displayed below each problem. If all four problems are
answered correctly, a cheerful high-pitched beeping will be
sounded. If any problems are missed, a lower pitched monotone
will be generated instead.

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

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

The program then asks whether or not the student would like
to do more problems. Simply hit “Y” or “N” to answer this
question.
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SAMPLE RUN

AR I T HmE

TYPE PROBLE®M SHALL WE DO?
ADDITION
SUBTRACTION
MULTIPLICATION

HHICH TYPE (1, 2, 0OR 3> -

KIND SHALL HWE BO?
EASY PROBLENS

MEBIUM PROBLENS

HARD PROBLENS

KIND (1, 2, OR 3> - 3

The operator chooses to do hard addition problems.

ARITHM®MRETTIC

60 88 25
+ 35 + 295 + &7

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

60 a8 23
+ 39 + 285 + &7

—— —— ———— ——— —

| § & ta3 32

it S HERS

113 113 92 136
RIGHY MNRONG RIGHT RIGHT

HIT ANY KEY TO CONTINUE

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

PROGRAM LISTING

MMETIC ~ 18K
1981, PHIL FELDMAN AND TOM

2000:GO5UE 2400
'xfx INTUHHAT TYPE 3
ROBLEM SHaALL WE DO

210
220

2320 .1. = ADDITION
2480 = GUETRACTION"

PAREI 3 - MULTIFLICATIONY
260 PRINTUHHICH TYPE®Z

-fA
270 OFPRINT® (1, 2, 0OR 3> 7";
280 Re=TNHKEYSI T=VAL(R$

290 IF T41 OR T-3 THEN 280
300 PRINT CHR$8Y§"-"3T
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310 GOSUE Z300IF0R J=1 TO 30

JAE80 PRINT =" INEXTIPRINT

FRIMT"HHAT KINDY:

FRINT'™ SHaLL WE DO@v

FRINTY 1 - EASY PROES

FRINT' Z - MEDLDIUM FROE %

FRINT" 3 -~ HaRD PROBLE H‘;"

THTUHHET KIND 3

INT" (1, &, DR 3) 773

: QH!FY1oﬁ“UnLlhﬂ‘

TF DY  DEG THEN

FRINT (83"

O D GOTO B]U*JJJgS?U

=08 1700:C VB 1500

L&t GOTO &30

LZ700:GOBUER 14800

THEN 570

TZ101G05UE 1500

\..‘\3‘(1

SUE 172016050 1500

10

LZ10:G0O8UE 1500

! L\UU

THEN GOOSUE 1700

T=3 THEWN GOBUE 1500
DOTHEN &80

d=1T0 4

IF [(J‘ =LY THEN 670

3¢ R Y I0 0 =RB{JYiB{J)=R

A7 hEmT

R0 GOSUE 210016050
R =1 TO 4560

TO 4iP=E E 4

DOIGCRI=NINEXT

sTH M5 WE R BT

Iu AL P=347 w7

400

Gos U i
P %

']

&HO0
&H10
&0
AH30

2000

ER

720 hU SUE
730 PRINTI
740 FOR j
ZEHD GOSUE 2400 33MEXT

760 F=13iF0OR J=1 TO 43i
FZ0OTF addy=0G0Jd THEN &
J80 PRINTER, "WRONG"; IF=0
J90 GOTO 810

BOO PRINT@F, "RIGHT" SN
810 NEXTIFOR K=L TO 9iR
80 NEXTIIF F=1 THEN 840
Q30 SOUND 8,20360T0 840

Z00TNEXT

75
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840 FOR K=1i T0O 14:150UND 1380,1
8E0 NEXT

860 PRINTEA5Z, "HIT aNY KEY 10"
870 PRINTESLZ, "CONTINUEY

S0 Re=THNREYSIIF Re="" THEN 880
890 ND=ND+4
200 Tf i‘\‘l”

MFOTHEN 920

210 Qo IGEATO H00

Q@E0 BO2E00IPRINT

230 TRTNT WANT MORE PROBLEME"S
240 PRINT" (Y OR NY 2v

QU0 Re=INKEYSITF R$="" THEN 230
2460 TIF UNYOTHEN CLSSEND

@70 IF R YN OTHEN 950

SO0 ND=QINR=0IG05UE 2000

en GOTN 210

200 MN=0iM=LIFOR J=1 TO 10

1210 RE=TNKEYS$ INEXT

1220 FRINTER, 7?3

1230 RE=INKEY$

240 TF Re="" THEM 1230

1250 A=ABLIRE)

12&60 IF A<x=13 0OR M<:=1 THEN 1280
1270 PRINTEF,"0” 3 SRETURN

1280 IF A4<x13 THEN 1300

1290 PRINTEF, 8% tRETURN

1300 V=VaL(R$)?

1310 ITF V=0 AND A<H48 THEN 1230
1320 PN=48+y3 lhINT@P,lHR$\!N)e
1330 N=N+MxUIM=MxlD

1340 IF Mx1000 THEN RETURN

1350 P=P-1360T0O 1220

1500 FOR K=1 T0 4

1510 CORO=L+RND(H~L+1 21

1820 NEXTIRETURN

1400 FOR H=1 TO 4

1610 BOKDYs=L+RND (H~L+1 01

1620 NEXTIRETURN

1700 H=23L=0IRETURN

1710 H=99l=03RETURN

1720 H=25iL=1IRETURN

2000 CLEIPRINTE38,"s R T T H M"
2010 PRINTES0,VE T I CUIRETURN
2100 ON T GOTO 2110,2140,2170
2110 FOR J=1 TO 4
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2120 Al =R 00D
2130 NEXTIRE
2140 FOR ]
2150 &«
2140
2170

1SP

: (d)x’l.,\t..i)
NEXT IRETURN
& '"ilF l\J) 10 THEN Bf=f%
P IPRINTEP (BEIC0U)
w-,”?‘\lh”[”l,{l«y

3 iU TH"' E
RINT@P,” """""""" H

T R[ TLH N
2300 ON T GOTO 2310,2320,2330
2310 Ch="+"IRETURN

2320

L =T IRETURN

2330 CH="X"IRETURN

2400 Bg=ad

2410 IF AG<1000 THEN 2430

2420 PRINTEF,H Y3 IRETURN

2430 TF A{DCL00 THEN 24350

24490 PRINTEP,BEE;AU) § IRETURN

2450 TF A0JX10 THEN 2470

2440 PRINTEP,BEIBSIACI 3 IRETURN

2A70 PRINTEF,EFIESIBEIACIIS

2480 RETURN

GOBUE 2000 5FRINT

FRINT"YOU GOT"iNR:"RIGHTY

Fh HTHOUT OFU NP U FROBLEMSY
=NEANFRLOD SPRINT

2 ) PﬁIMT”THﬁT‘ﬁ”}P

2050 PRINT" PERCENT CORRECT"

2540 RETURNM

24600 FRINTI.=0

2610 FRINTUHIT ANY KEY TO BEGIN"

2620 J= e LIR$E=INKEY S

26H30TF RE="" THEMN 2620

2640 R=RND(-DICOSUER Z0003IRETURM

EASY CHANGES

77

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

line 160. For example,



78

TRS-80 Color Programs

160 NP =12

will cause the program to do only twelve problems per ses-
sion. The value of NP should be kept a positive multiple of

four.

2. Zero is currently allowed as a possible problem operand. If
you do not wish to allow this, change lines 1700 and 1710 to
read as follows:

1700 H=9:L =1:RETURN
1710 H=99:L = :RETURN

MAIN ROUTINES

130- 160
200- 420
500- 680
700- 990

1200-1350
1500-1520
1600-1620
1700-1720
2000-2010
2100-2190
2200-2260
2300-2330
2400-2480
2500-2560
2600-2640

Initializes constants.

Asks operator for type of problems desired.

Sets A, B, C arrays, clears screen.

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

Subroutine to get and display user’s answers.
Subroutine to set B array.

Subroutine to set C array.

Subroutines to set L, H.

Subroutine to clear screen and display title.
Subroutine to calculate array A from arrays B, C.
Subroutine to display problems.

Subroutine to set C$.

Subroutine to display the correct answers.
Subroutine to display operator’s performance.
Subroutine to initialize RND function.

MAIN VARIABLES

NP
ND
NR
C,B,A

N
G
T

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).
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D Kind of problem requested (1 =easy, 2=medium,
3 =hard).

H,L Highest, lowest integers to allow as problem
operands.

M Answer column being worked on.

RS Operator’s input character.

\Y Value of RS.

A Ascii value of RS.

PN CHRS argument.

BS Character spacing string.

Cs Operation symbol string.

AS String of one blank character.

R Work variable.

J,K Loop indices.

P Screen position, also percentage correct.

F Flag on operator’s answers (1 = all correct, 0 =some

wrong).

SUGGESTED PROJECTS

1.

2.

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

No negative operands or answers are currently allowed. Re-
write the problem generation routines and the operator’s
answer routines to allow the possibility of negative answers.
The answers are now restricted to three-digit numbers.
However, the program will work fine for four-digit numbers
if the operands of the problems are allowed to be large
enough. Dig into the routines at lines 500-680 and
1700-1720. 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.
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PURPOSE

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

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

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

HOW TO USE IT

The program gives you 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
quotation marks.

At any time, you can enter the keyword “*BACK?” instead of
side one to correct an erroneous entry. This causes the program
to back up and ask you for the previous card again.

As the program is currently written, you must enter at least
three flashcards, and no more than ten. 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 re-
spond with “*END”, which tells the program you do not want
to drill any more. It will then tell you how many you got right
out of the number you attempted, as well as the percentage, and
then return to command mode.

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

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

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

Command number 2 is used to load a flashcard tape that has
been previously saved. The program asks for the name of the
file, so it can scan the cassette until it finds the one you asked
for. If you don’t care or don’t know the name of the file, you
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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 5 allows you to add more flashcards to
those currently in memory.
Command number 6 ends the program.

SAMPLE RUN

FLASHCARD

**QPTIONS**

ENTER NEW FLASHCARDS
LOAD A FLASHCARD TAPE
SAVE CURRENT SET ON TAPE
DRILL ON CURRENT SET

ADD TO CURRENT CARDS

END PROGRAM

1

VOO

SIDE 1 OF CARD 1
? THE PEN

SIDE 2

? LA _PLUMA

SIDE 1 OF CARD 2
? THE DOOR

SIDE 2

? LA PUERTA

SIDE 1 OF CARD 3
? THE SCHOOL
SIDE 2

? LA ESCUELA

SIDE 1 OF CARD 4
? THE FLOOR
SIDE 2

T EL SUELD
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SIDE 1 OF CARD 5
? THE STORE

SIDE 2

? LA TIENDRA

SIDE 1 OF CARD 6
? *END

**OPTIONS**

ENTER NEW FLASHCARDS
LOAD A FLASHCARD TAPE
SAVE CURRENT SET ON TAPE
DRILL ON CURRENT SET

ADD TO CURRENT CARDS

END PROGRAM

4

VYOO wWwnN —

*CARD DRILL*

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!
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LA TIENDRA
? *END

3 RIGHT OUT OF 4
75%

PROGRAM LISTING

100 REM: FLASHCARD

110 REM: (C) 1981, TOM RUGG AND FHIL
FELDMAN

120 CLEAR 1703N=-1

130 L=103M=3

140 DIM F$ (L) ,BH(L) ,F(M~1)

150 CLSIE$="XERRORX"

160 We="xXSTOF RECORDERX"

170 FPRINT"FLASHCARD"

180 FPRINTIGOTO 2000

190 K=13W=03C=0FRINT

200 FH(K)=""IFRINT"SIDE 1 OF CARD"3K

210 INFUT F$(K)

15 IF LEFT$(F$(K),4)="xXEND" THEN 280

IF LEFT$(F$(K),5)<x="xBACK" THEN 230

{=K~13TF K1 THEN K=1

FRINT:FRINT"EBACKING UF"IGOTO 200

B (K)=""{FRINT"SIDE 2" !INFUT EBE%$(K)

FRINT

K=K+131IF K<<=l THEN 200

FRINT"THAT’S THE"{L3:"CARD LIMIT."

280 FRINT!K=K-13GOTO 2000

290 IF K&x=M THEN 310

300 PRINT E$$'" MINIMUM IS"iM:"CARDS."
1GOTO 2000

310 PRINTI!FRINT"XCARD DRILLX"

330 FPRINT

340 R=RND(K)IFOR J=0 TO M~2

350 IF FP(J)=R THEN 340

390 NEXTiJ=RND(2)1IF J=2 THEN 420

400 PRINT F$(R)IICH=B$(R)IGOTO 430

420 FRINT B$(R)ICHE=F$(R)

430 R$=""1INFUT R%

440 IF LEFT$(R$,4)="xEND" THEN 600

450 PRINT

cooiNGg

PRMNMNNNRNNN
AWM

~N
=
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460 TF R$=C% THEN S00
470 FRINT"NO, THE CORRECT RESFONSE I8"
480 FRINT C4%
4920 W=W+1:1G0TO 520
S00 PRINT"RIGHT!'!"
510 C=C+1
520 FOR J=1 TO M-23F(J-1)=F{J)
930 NEXTIF(M-2)= R'PhINT
960 GOTO 340
4600 GOSUE 15003GOTO 2000
700 IF K<1 THEN 1800
710 GOSUE 1600
720 PRINT"FRESS RECORD AND FLAY bUTTONq,”
730 PRINT"THEN ENTER NAME FOR FILE.
735 INFUT NSSFRINT"WRITING "3N%
737 OFEN"0",N,N$:REM ALFHA 0O
740 PRINTEN,N$IFRINTHEN,STRS$ ()
750 FOR J=1 TO KIFRINTHEN,F$C(J) BS$0D)
760 FPRINT Jf INEXT
770 PRINTHEN, " XEND"
780 CLOSE N
790 FRINTIFRINT"DONE"
800 FRINT W$IGOTO 2000
1150 INFUT"NAME OF FILE"§N$
1140 GOSUR 1600:FRINT"FRESS FLAY,“
1170 PRINTYTHEN FRESS & KEY.
1180 R&=INKEY$:IF R$="" THEN 1180
1185 FPRINTUSEARCHING FOR " iN$
11920 OFEN"I",N,N%
1200 PRINT"FOUND "IN%$
1210 INFUTHEN, R$SINFUTEN, R$IK=VAL (R$)
1220 IF K=l THEN 12350
1230 FRINT E4$3" FILE HAS"IKi"CARDS."
240 FRINTULIMIT =";LiCGOTO 2000
LJU FOR J=1 TO KIINFUTHEN,F$(J) ,ESCD)
“260 FRINT F$(D),E$OD
1270 NEXT:ICLOSE N
1300~FRINTVLOADED" $ K3 "CARDS . "
1310 FRINT W$IGOTO 2000
1500 FRINTIIF C+W=0 THEN RETURN
1510 FPRINT CI"RIGHT QUT OF"3C+W
1520 FRINT Cx100/(C+W) A"
15?0 FRINTRETURN
1600 FRINT
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1610 PRINT"FOSITION CASSETTE,"

1620 FRINT"THEN FRESS A KEY."

1630 TF INKEY$="" THEN 1630

1640 RETURN

1800 FRINTIFRINT E$

1810 FRINT"NO CARDS YET.“

2000 R&=""IFRINTIFRINT"XXOFTIONSM X"
2010 PRINT"1 ENTER NEW FLASHCARDS"
2020 FRINT"Z LOAD A FLASHCARD TAFE"
2030 PRINT"3 SAVE CURRENT SET ON TAFE"Y
2040 FRINTY4 DRILL ON CURRENT SETY
2050 PRINT"S ADD TO CURRENT CARDSM
20460 FRINT"& END FROGRAM"

2080 INFUT RITF R<1 OR Rxé THEN 2100
2090 ON R GOTO 190,1150,700,290,260,2140
2100 PRINTIFRINT E$:GOTO 2000

2140 END

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 ten will fit in a TRS-80
Color Computer with 4K of memory if each side of each
flashcard averages no more than about eight characters in
length. In a 16K TRS-80 Color Computer, you can make L
as large as about five hundred for flashcards this size. You
will also need to change line 120 to CLEAR 5000 or more in-
stead of 170. Do not make M much larger than about ten or
so, or you will slow down the program and use more mem-
ory than you might want.
If you want to use some keywords other than “*END” and
“*BACK?”, substitute whatever you like in lines 215, 220,
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.
To cause the program to always display side one of the
flashcards (and ask you to respond with side two), change
line 390 to:

390 NEXT
To cause it to always display side two, change it this way:

390 NEXT:GOTO 420
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4. To eliminate the “echoing” on the screen of a tape file being
loaded, remove line 1260.

MAIN ROUTINES

130- 180
190- 280
290- 600
700- 800
1150-1310
1500-1530
1600-1640
1800-1810

2000-2140

Initializes variables. Creates arrays. Displays title
and options.

Accepts flashcards entered by operator.

Drills operator on flashcards in memory.

Saves flashcards on cassette file.

Loads flashcards from cassette file into memory.
Subroutine to display number right and attempted
during drill.

Subroutine to wait for cassette to be positioned until
a key is held down.

Displays error message if operator tries to save flash-
cards on cassette before any are entered.

Displays options and analyzes response. Branches to
appropriate routine.

MAIN VARIABLES

tz

NERmEWZ

Cassette number for cassette files.

Upper limit of number of flashcards that can be
entered.

Minimum number of flashcards that can be entered.
Error message.

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 flash-
cards during drill.

Loop and subscript variable.

The correct response during drill.

Response from operator. Also temporary string
variable.

Name of cassette file.

Message to stop cassette recorder.
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SUGGESTED PROJECTS

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

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

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

HOW TO USE IT

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

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

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

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

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

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

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

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

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

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

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

The last option, option five, ends the program.

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

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

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

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

*o0PTIONSee

1 LEARN CHARACTERS

2 LEARN PHRASES

3 SINGLE CHARACTER QUIZ

4 NULTI CHARACTER QUIZ
S END
EMTER 1-5

PRESS A KEY TO HEAR
A.- E. .. O0--- U..-

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

A. - E. TI.. O0--- uy..-

*oUPTIONS e

1 LEARN CHARACTERS

2 LEARN PHRASES

3 SINGLE CHARACTER aQuiz
4 RNULTI CHARACTER QUIZ
S ENB

ENTER 1-5

ENTER PHRASE

? OF AND THE 3
ENTER PHRASE
T}

The operator proceeds to option 2, and begins by drilling on some
common short words.
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S END
ENTER 1-5

WHAT CHARACTER
-... B

RIGHT!

HHAT CHARACTER
e === 7

NOs IT WAS 2
TRY IT AGAIN.

MHAT CHARACTER
-

RIGHT!

HHAT CHARACTER

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

3 SINGLE CHARRCTEP qQul/
4 NULTI CHARACTER QqQuIZ
S END

ENTER 1-5

MHAT®S THIS?

T gzcha

NO>» IT HAS 87Cud
LISTEN AGARIN.

? 87cua
RIGHT!
HHAT®S THIS?

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

110

120
130
140
150
1460
170
180
190
200
210
220
2590
260
270
280
290
300
310
320
330
340
350
360
400
410
420
430
440
450
500
G510
520
540
550
560
570
580
590
400
610

REM: (C) 1981, TOM RUGG AND FHIL
FELDMAN

GOTO 2000

W=AGC (RE)-ZPITF W0 OR W:=S1L THEN 220
Td=CH(WIITF Te="/" THEN 220

FOR J=1 TO LENC(TS) IWE=MIDE(TE, J, 1)
D=3TF Wé="," THEN D=1

FRINT W$$

SOUND F,D

FOR D=1 TO 303INEXT

NEXTIFOR J=1 TO S0XTINEXT

FRINT'" "} IRETURN

SOUND 8, 8IRETURN

FOR K=1 TO LENC(PF$) IR=MIDS(FE, K, 1)
IF ASCIR$)=32 THEN 280

GOSUE 130INEXTIRETURN

FRINT CHR$(LIZE3)3IFOR J=1 TO 90INEXT
NEXTIFRINT I RETURN

FRINT"FRESS A KEY TO HEAR"
Ré=TNKEY$IIF R&="" THEN 310
W=ABCIRS) IIF W=12 THEN 2100

IF W39 0OR W90 THEN 350

IF CH(W-39)<x"X" THEN 360

SOUND 8,8:160T0 310

FRINT R$3:GOSUER 130:GOTO 310
FRINTIFRINTYENTER FHRASE"

INFUT P$

IF LEN(F$)=0 THEN F$=L%$

IF P$="END" THEN 2100

GOSUE 2503L%$=F4%

GOTO 400

GOSUE 900

GOSUE 920

FRINT"WHAT CHARACTER I8 THIG?"
GOSUE 130

Te=INKEY$IIF T$="" THEN 330

IF ASC(T$)=12 THEN 2100

IF ASC(T$)=13 THEN 540

FRINT T#®i1IF Té=R$ THEN 620
FRINT"NO, IT WAS "iR$

FRINT"TRY IT AGAIN."${FRINT

GOTO 510
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420 FRINT"RIGHT!":GOTO S00

700 PRINT"WHAT’S THIS?Y

710 P4$=""1FOR J=1 TO N

720 GOSUE 900

730 FP$=F$+R$ INEXT

740 GOSUE 220:GOSUE 250:FPRINT

750 INFUT T$IIF T$="" THEN 740

760 IF TH="END" THEN 2100

770 IF T#=F¢$ THEN FPRINT"RIGHT!":GOTO 700
780 FRINT"NO, IT WAS "iF$

790 FRINT"LISTEN AGAIN."

800 GOTO 740

P00 R=RND(H2)-131IF CH(RI="X" THEN 200
P10 RE$=CHR$ (R+39) IRETURN

920 FOR J=1 TO 800INEXTIRETURN

250 END

2000 CLEAR 125

2010 DIM C$(S1)

2020 FOR J=0 TO S1IREAD CH{(J) INEXT
2030 P=1761T=5

2050 CLSIP$="HAM CODE"

2060 FPRINT TAEC(LZ2) (FP$IFRINT

2070 GOSUE 250

2080 N=3:L$=CHR$(32)

2100 FPRINT

2110 PRINTIFPRINT"XXOFTIONSXx"

2120 FRINT"1 LEARN CHARACTERS"
2130 FRINT"2 LEARN FHRASES"

2140 PRINT"3 SINGLE CHARACTER QUIZ"
2150 FRINT"4 MULTI CHARACTER QUIZ"
2160 PRINT"S  ENDY

2190 PRINTVENTER 1-5"

2200 PRINT

2210 R$=INKEY$:IR=RND(J)

2220 TF LEN(R$)=0 THEN 2210

2230 R=VAL(R$)IIF R<1 OR R>5 THEN 2210
2240 ON R GOTOD 300,400,%00,700,950
3010 DATA s-==msp=s==e=3 X3 X, X

3020 DﬁTﬁ T AT T e ey T e e ™
3030 DATA 4 ey gmmmmmy g

3040 DATA e e e e P e e e

3050 DATA PP PP FT e 00

30460 DATA ———seg=—=s ===y s

3070 DATA "'o“'o""o,X,X;Xyoo “““““ ..,X
3080 DATﬁ L T B i e D )
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GOPT DATA o565~ s 5455 54 § 45~

3100 DATA

e P T T

3110 DATQ Lt I S A X D O T N N S
31.?0 DA1A LI R S AR AR B B Tkl Tt B T
3130 DATA ===y ==,

EASY CHANGES

1.

To change the speed of the codes or the pitch at which they
are sounded, change line 2030. T is the speed (time factor)
and P is the pitch (see Appendix A of Getting Started With
Color BASIC). Change T to 1 to make the speed about 19 or
20 words per minute, the top speed. Change T to 10 for
about eight words per minute. Changing the speed only
changes the length of time between letters and words, not
the speed of dots and dashes or the short time interval be-
tween them. Currently the pitch is the C above middle C.
Higher values of P give a higher pitch, and lower values give
a lower pitch. For example, to get a higher pitched sound
and the fastest speed, make this change:

2030 P=210:T=1
If you have more than 4K of RAM (user memory) in your

computer, you can set aside more string space for practicing
longer phrases (option 2). Change line 2000 to:

2000 CLEAR 1000

By the way, if you have 4K, be sure that you are careful
when entering the program not to include many extra spaces
or text, or you may find that the program does not fit in 4K.
Change the number of characters in the multi-character quiz
(option 4) by changing the value of N in line 2080.
Many experts stress that code is a language of sound, not
sight, and should be learned that way. If you like, you can
eliminate the displaying of dots and dashes on the screen by
deleting line 170 and changing these lines:

210 RETURN

280 FOR J=1 TO 90:NEXT
Eliminate the sounding of “HAM CODE?” at the start of the
program by deleting line 2070.
To drill on only alphabetic characters during options three
and four, make this change:

900 R = RND(26) +25:IF C$(R) =“X” THEN 900
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7 . A short delay is built into the program at several points. To
lengthen it, replace the 800 in line 920 with 2000. To
eliminate the delay, replace the 800 with 1.

MAIN ROUTINES
130- 220 Subroutine to sound and display character RS.

250- 290 Subroutine to sound and display phrase PS$.
300- 360 Teaches characters by echoing keys until CLEAR is

pressed.

400- 450 Teaches phrases by echoing entries until END is
entered.

500- 620 Quizzes individual characters untii CLEAR is
pressed.

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

900- 910 Subroutine to pick random character RS.

920 Delay subroutine.

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

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

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

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

MAIN VARIABLES

w Work variable and subscript.

RS Character to be sounded; work character.

TS Work string.

C$ Array of code strings.

J,K Loop and work variables.

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

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

P Pitch of sound to be made.

T Time factor to alter pauses between characters and
words.

P$ Phrase of characters to be sounded.

LS Last phrase entered.

N Number of characters in multi-character quiz.

R Random number for character selection; work

variable.
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SUGGESTED PROJECTS

1. Add another option to randomly quiz the operator on a
series of common words and/or phrases that have been
stored in DATA statements. You will need more than 4K of
memory to have room for this.

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

3. Determine how to interface your Color Computer with
amateur radio equipment so you can use the program to ac-
tually send code automatically under program control.

4. Now try the reverse of Project 3 —have the computer figure
out how to decode a transmission that has been received
over the radio, converting it into text. This will almost un-
doubtedly require some or all of the program to be in
assembler language in order to run fast enough to handle
this job in real time.



METRIC

PURPOSE

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

METRIC is an instructional program designed to familiarize
you with the metric system. It operates in a quiz format; the
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” quan-
tity and a metric one which are in the same ball park. This has
the effect of providing you some insight by sheer familiarity
with the questions.

HOW TO USE IT

The program first requests that you hit a key to begin. When
this is done, it then asks how many questions you would like to
do for the session. Any value of one or higher is acceptable.

The sample run shows how each question is formulated. A
quantity in English units is compared with one in metric units.
Either one may appear first in the question. Each quantity will
have an integral value. The relating word (“longer,” “hotter,”
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“heavier,” etc.) indicates what type of quantities are being
compared.

There are three possible replies to each question. Pressing Y
or N means that you think the answer is yes or no, respectively.
Pressing any other key indicates that you have no idea as to the
correct answer.

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

oo HIT ANY KEY TUO COMTINUE ee

HOW MANY QUESTIONS SHaALL WE DO?

After hitting a key to begin the program, the operator requests a three
question quiz.
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A METRIC QUIZ

QUESTION 1 OF 3

IS 28 MILES PER HOUR
FASTER THAN
47 KILOMETERS PER HOUR 7

YOU SAY "NO" AND YOU"RE RIGHT
—-— ¥YERY GOOD!

e HIT ANY KEY TO COMTINUE oo

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

QUESTION 3 OF 3
IS 39 DEGREES CENTIGRADE
HOTTER THAHN
149 DEGREES FAHRENHEIT ?
YOU 3SAY “YES" BUT YOU"RE HWRONG

39 BEGREES CENTIGRABDE EQUALS
182.2 BEGREES FAHREHNHEITY

THE RULE IS:
BEG.F = (BEG.C » 1.8) + 32

o HIT ANY KEY TO CONTINUE ee

Later, the third question is incorrectly answered with “yes.” The cor-
rect conversion and governing rule are then displayed.
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A METRIC QUIZ

YyaOu GOT 2 RIGHT OUT OF
3 QUESTIONS

PERCENT CORRECT = 66.6666667
1] 4

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

PROGRAM LISTING

100 REMI METRIC - 186K
1o REMD (CY 1981, PHIL FELDMAN AND TOM
RUGE

o]

B (373
DIM E CLODY pMBECL0 ,R$HCLOD
DIM COLOY ,EPS$CLO) , MP$102
GOSUER 40031G08UE S00

GOSUR 140¢0
Re=RND 0 SOH=TNKEY$

IF Q="' THEN 220
PRINT S FRINT

FRINTUHON MANY QUESTIONS ';
THPUT"SHALL WE DO"ING
{E=TNTONQD STF NG<CL THEN 2350
FOR J=1 TO HRIGOSUE E%0
GOSUE 140016050 1450 sNEXT
GOSUER S00IPRINTYOU GOT™S
FRINT NRIVURIGHT OQUT OF"
FRINT NOIUQUESTIONSY
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aEn
40
2810
400
410
420
430
440
450
500
590
A0 0
4510
A20
430
L\ 'l(}

50
LY
A7 0
4H8C
A0
700
710
720
730
740
7E0
740
770
780
7en
ang
210
a2
azoe
E}‘}U

870
aan
890
Q00
@10

PRINT

Fraz] U DRMNRANG

PRINTYFERCENT CORRECT ="if

ED

RESTORE IND=(

MO =R L

READ ESSOND ,MBEONDY RS (NG

READ COND Y EFE OND Y, MPS (NDD
PR OND P THEN 410

- PRETURN

LBIPRINT"A METRIC QUIZ"

FRINTIRETURN

IDUNDY IF=RRDE)~1

Ul=RENRIRB )+ 1 3V3=ULIRCIN?

TF Fe=l THEN V3=U1/0IN:

IF Nx=1 THEN 450

U3 (YL~32371.8

IF !'-'~~ 1 OTHEN UZ=(Vix1,.83+32

UZ=TNTOV2 (0. 5+RNDC0Y ) +0.5)

T=011TF VESUE THEN T=1

GOSUER 500

FRINT"QUESTION" 2J3"0F" 3 NQ

FERINTIIF F=1 THEN 740

FRINTYIS IVLIEPE (M)

FRINT BSIBEIREONY " THAN"

FRINT BsipEsVEIMPS N 2

GOTO 770
FTNT"” " U! s MR

f RINT (NS

FRINT

GOsL

IF 4

FRINT $R=1

PRINT"YOU Sa&Y “YES® i

GOTO 88d

IF 4 UNYOTHEN 360D
FRINT S R=0

FRINTYYQOU S4Y “ND7 '3

GOTD a8

FRINT

FREINT"YOU H&AVE NO IDEA"™IR=Z

KeT-RITF ROHEZ THEN 900

GOSUR 1000:GOTO 9460

IF X=0 THEN 230

FRINTUYEUT YOURE WRORGY

THAN"

A a1}
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20 GASUER 10003160TO 240
QI TRIH7‘ﬁND YO RE RIGHT®
240 ! - VERY GOLDD!Y

@nQ
FAHD R
Lonn
io1n L THEN 1050

1920 T VIZEPSINY I EQUALSY
10240 FF\JNT ‘32{“’” FINY

1o40 GOTO 107

1050 FPRINT “l MPBONDY 3 EQUALSRY
10460 PRINT VITEPEN

1070 PRINTIFRINTYTHE RULE IS5:3"
1080 IF Nxl THERM IL U

1090 IF Fm=l L ET

1100 PRINTUYDEG.D = (DFG.F ~ 32"}
1110 PﬂINT"‘/f+P"°hLT“hN

1120 FPRINTUDEG.F
L1230 PRINTY % 1.8) + 3ZV"IRETURN
11406 ITF F=1 THEN L1170

L1800 PRINT' 3 "IESH(NY " EQUALS"
1140 PRINT COMNY SMPEONY SRETURN
1170 Q=INT L ES/CINY YL ED

1180 PRINT™ 1 "iMBH{(NI" EQUALSY
11420 PRINT QIEPEMNY IRETURN

1400 PRINTIPRINT ®x HIT &Ny "i
1410 PRINTUREY TO CONTINUE ®xx®g
1420 RETURN

1450 QE=""30%=TINKEY$

1440 TF Q$="" THEN 14350

1470 RETURN

2000 DATA DECGREE FAHRENHEIT

2010 DATA DEGREE F[NT&hRHDL

2020 DATA HOTTER
2030 DATA DEGR FAHRENHEILT
2040 DATAS DEGREES CENTIGRADE
2100 DATA MILE PER HOUR

2110 DATA KILOMETER PER HOUR
2120 DATA FABTER,1.40935

2130 DATA MILES PER HOUR

2140 DATA KILOMETERS PER HOUR
2200 DATA FOOT,METER, LONGER
2210 DATA 0.3048,FEET,METERS
23200 DATA MILE,KILOMETER, LONGER
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2310 DATA 1.460935,MILES

2320 DATAH HILOMETERS

2400 DA&TA TIHNCH, CENTIMETER
2410 DATA LONGER, 2,54, INCHES

DATA CENTIMETER

DATAH GALLON, LTTRE  MORE

DATA 3.78533, GALLONS, LITRES
DATE FOUND, KILOGR&M , HEAVIER
DATA 0.45359, FOUNDS

DATAE KILOGRAMS

DAETE MK XK, HXE, 0, XKX, XXX

EASY CHANGES
1

To have the program always ask a fixed number of ques-
tions, change line 250 to set NQ to the desired value and
make line 260 a REM statement. For example:

250 NQ=10

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

N Type English Unit Metric Unit

1 temperature degrees F. degrees C.

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

4 length miles kilometers

5 length inches centimeters

6 volume gallons litres

7 weight pounds kilograms

If you wish to be quizzed on only one type of question, set N
to this value by adding line 595. Thus,

595 N=4
will cause the program to only produce questions comparing
miles and kilometers. To add additional data to the pro-
gram, see the first “Suggested Project.”
You can easily have the questions posed in one “direction”
only. To go only from English to metric units add

597 F=0
while to go from metric to English units use

597 F=1
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4. You might want the converted value and governing rule to
be displayed even when the correct answer is given. This is
accomplished by adding line 955 as follows:

955 GOSUB 1000
MAIN ROUTINES

140- 170 Dimensions and initializes variables.

200- 380 Mainline routine, drives other routines.

400- 450 Reads and initializes data.

500- 510 Displays header.

590- 960 Forms and asks questions. Processes user’s reply.
1000-1190 Displays exact conversion and governing rule.
1400-1420 Requests the user to hit any key.

1450-1470 Waits for user to hit any key.
2000-5999 Data statements.

MAIN VARIABLES

ND Number of conversions in the data.

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

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

RS String array of the relation descriptors.

C Array of the conversion factors.

Q Work variable.

B$ String constant of one blank character.

J Current question number.

NR Number of questions answered right.

P Percentage answered right.

NQ Number of questions in session.

N Index number of current question in the data list.

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

1 = metric to English).
V1,V2 Numeric values on left, right sides of the question.

V3 The correct value of the right hand side.

T Flag on the question’s correct answer (1=true;
0= false).

Q$ User reply string.

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

X User’s result (0 if correct answer was given).



METRIC 109

SUGGESTED PROJECTS

1.

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

Element Data Description

English unit (singular)

Metric unit (singular)

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

Metric unit (plural)

AW AW -

Each of these elements, except the fourth, is a string. The
data statements in the listing should make clear how the in-
formation is to be provided. You can add new data to the
program with appropriate data statements in this format.
New data should be added after the current data, i.e. just
before line 5999. Line 5999 is a special data statement to
trigger the end of all data to the program. The program is
dimensioned up to ten 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.)

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

Keep track of the questions asked and which ones were
missed. Then do not ask the same questions too soon if they
have been answered correctly. However, do re-ask those
questions missed for additional practice.
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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 CLOAD 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 eight. Even if the child
can’t read yet, he or she will soon learn to look for the number
at the end of the line. The child should respond with the appro-
priate number, and then press the ENTER key.

If the answer is correct, the program displays the message
“THAT’S RIGHT!”, pauses for a couple of seconds, and then
clears the screen and displays three geometric shapes. In the up-
per left of the screen a square is drawn. In the lower center, a
triangle is drawn. Then an asterisk (or a snowflake, perhaps?) is
drawn in the upper right portion of the screen. After a few sec-
onds delay, the program clears the screen and asks another
question. The same number is never asked twice in a row. The
size of the three figures is chosen at random each time. If the
child provides the wrong answer, a message indicates the error
and the same question is asked again.



112 TRS-80 Color Programs

The program keeps on going until you hit the BREAK key.
Remember 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

RURBERS

NHAT MUMBER COMES AFTER 7
T8

INAT"S 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
130
140
1%90
170
180
190
200
210
220
230
240
200
210
330

REM: NUMBERS

INT TAECLD ) 3 NUMBERSY
(NDIMY STF R=F THEM 170
NT

NTURHAT MUMBER COMES AFTER"IR
INFUT R4

FRINT

IF VAl (rR$)=R+1 THEN 300
FRINTU"NG, THAT S NOT IT."
FRINTYTRY AGHIN,"IGOTO 180
FRINT"THAT S RIGHT!"

FOR J=1 TO 1000 INEXT
F=RICLSC0)

=RND (PY+ 23 C=RND B
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400

Y=11FOR X=1 TO Z2xEISET(X,Y,C) INEXT
410 X=2
Y

2RESFOR Y=1 TO EISET(X,Y,C)
SET(X+1,Y,0) $NEXT

=E3FOR X=2XE TO 1 STEF ~1I1SET(X,Y,0)
NEXT '

430 X=13F0OR Y=E TO 1 STEF ~13iSET(X,Y,C)
440 SET(X+1,Y,C) tNEXT

450 C=RND(8)IFOR J=1 TO E

4460 Y=TS+JIX=TS+YISET(X,Y,C) INEXT

470 FOR J=1 TO E

480 Y=TS+JIX=TS+TE~J+2I8ET(X,Y,0) INEXT
490 Y=TS+E+1FOR X=TS+TE-E+1 TO TS+TS+E+1
500 SET(X,Y,C) INEXT

510 IF E3»7 THEN E=7

520 C=RND(S) 1A=463E=10

=20 FOR J=1 TO E

540 X=A+J+JiY=E+JSET(X~1,Y:CYISET(X,Y,C)
550 Y=RE-JiSETIX,Y,C)I8ET(X~1,Y,0)

540 Y=RISET(X,Y,C)ISET(X~1,Y,0)

570 X=AISET(X,Y,C)ISET(X~1,Y,0)

580 Y=E+JISET(X,Y,C)i8ET(X~1,Y,C)

590 - JERET -1, YL, CYIGET X, Y, )
400 = J I GET -1, Y CYIGET X, Y, 0)

=EIGET (X1, Y, CYIGET(X,Y,0)
H20 Y=BE+JIGETIX-1.Y,C)I8ET(X,Y,0)
430 NEXT

800 FOR J=1 TO 2000 tNEXT

810 LS

220 GOTO 170

EASY CHANGES

1. Change the range of numbers that the program asks by
altering the value of M in line 130. For a beginner, use a
value of 3 for M instead of 8. 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 1000 in statement 310. Double it to dou-
ble the time delay, etc. The same can be done with the 2000
in line 800 to alter the delay after the figures are drawn.

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

330 E=10:C=RND(8)
Instead of 10, you can use any integer from 2 to 11.
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4. To slowly increase the size of the figures from small to large
as correct answers are given (and the reverse for incorrect
answers), do the following:

a. Insert these lines:

135 E=1
225 E=E—-1:IF E<2 THEN E=2

b. Replace line 330 with:

330 E=E+1:C=RND (8):
IF E>11 THEN E=11

MAIN ROUTINES

120-150 Initializes variables. Clears screen.

170 Picks random integer from 1 to M.

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

310 Delays about 2 seconds.

320-440 Draws a square.

450-500 Draws a triangle.

520-630 Draws an asterisk.

800 Delays about 4 seconds.

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

MAIN VARIABLES

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

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

RS Reply given by operator.

X,Y Coordinates in CRT display.

TS Triangle’s starting location (top).
A,B X,Y coordinate values.

J Subscript variable.

C Color of geometric shape.
SUGGESTED PROJECTS

1. Modify the program to ask the next letter of the alphabet.
Use the ASC and CHRS functions in picking a random let-
ter from A to Y, and to check whether the response is cor-
rect or not.
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2. 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 graph-
ics display programs.
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PURPOSE

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

HOW TO USE IT

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

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

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

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

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

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

SAMPLE RUN

TACHISTOASCOAPE

THIS PROGRAN IS DBESIGNED TO
IMPROYE YOUR REABING SPEED.

I*LL BRIEFLY BISPLAY A SHORT
PHRASE: ANB YOU IRY TO READ IT.

TYPE MHAT YOU SEEs AND I'LL
TELL YOU IF YOU MERE RIGHT.

PRESS A KEY HHEN READY

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

THE BROKN COM

The program flashes a short phrase (chosen at random) between the
two lines for a fraction of a second, then clears the screen.
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HHAT HAS IT?
7 THE BRONR cOMN
THAT"S EEEBY!

I!SPER?EI FOR HﬁLF AS LONG.

PRESS A& KEY HHEHN READY

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

PROGRAM LISTING
100 REM! TACHIST

110 REM: (C) 1981, TOM RUGGE AND FHIL
FELDMAN

120 CLEAR 100
130 T=2Z54

140 =50

150 DIM T$L)D

140 C=0

170 READ R$

180 IF RE="XXX" THEN 260
190 C=C+1

200 IF Cao=L THEN 2320

210 PRINT"TOO MUCH DATAY
220 END

230 TH(CHr=R$

240 GOTO 170

260 CLS

270 PRINTU"TACHISTOSCORE"
280 PRINT
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290 FRINT"THIS FROGRAM IS DESIGNED TOY
300 PRINT"IMFROVE YOUR READING SFPEED.Y
310 FRINT

320 PRINT"I/LL BRIEFLY DISFLAY & SHORT"
330 PRINT"PFHRASE, AND YOU TRY TO READ IT."
340 PRINT

350 FRINT"TYFE WHAT YOU SEE, AND I7LL"
3460 PFRINTUTELL YOU IF YOU WERE RIGHT."
370 FRINT

410 FRINTV"FRESS A KEY WHEN READY"

41% R=RND(2)IR$=INKEY%

420 IF LEN(R$)=0 THEN 4135

430 R=RNDD)

440 IF R=F1 OR R=FZ2 THEN 430

450 IF R=F3 OR R=F4 THEN 430

440 GOSUE 800

470 FOR K=1 TO 1300 INEXT

480 FRINTR32,T$(R)

490 FOR J=1 TO TINEXT

500 CLSIFOR K=1 TO S00INEXT

10 PRINTIFRINTIFRINTIFRINT

20 PRINTYWHAT WaS IT?"

S0 INFUT R$

550 TF R$-:=TH(R) THEN 700

5460 PRINTUTHATS RIGHT!M

570 T=T/2

G900 Re="FOR HALF AS LONG."

600 FI=F2IP2=P3{F3=F4iF4=R

&10 FRINT

420 TF TR THEN 640

&30 T=81R$="AT MAXIMUM SFEED.Y

&40 PRINTUTHE NEXT ONE WILL BEY

&G0 PRINTUYDISFLAYED "IR$

A60 FRINTIGOTO 410

700 FRINT"NO, THAT S NOT IT."

710 PRINT"IT WAS--"3T$(R)

720 T=Tx2

730 TF T<=2048 THEN 7460

740 T=20481R%="0T THE SAME SFEED."

7E50 GOTO 400

7460 Re="FOR TWICE A8 LONG."

770 GOTD &00

810 PRINT

870 PRIN ‘(’ B e oosnosonastoo omomisoensomes nons:oma aswe L
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830 RETURN

@10 DATA AT THE TIME

P20 DATA THE BROWN COW
30 DATA LOOK AT THAT
P40 DATA IN THE HOUSE
E0 DATA THIS IS MINE
P40 DATA SHE SAID S50

P70 DATA THE BABY CRIED
30 DATA TO THE STORE
0 DATA READING Y& FUN
1000 DATA HE GOES FAST
1010 DATA IN AlLL THINGS
1020 DATA GREEN GRASS
1030 DATA THO BIRDS FLY
1040 DATA LATE LAST NIGHT
1050 DATA THEY ARE HOME
1040 DATA ON THE PFHONE
1070 DATA THROUGH & DOOR
1080 DATA WE CAN TRY
1020 DATA MY FOOT HURTS
1100 DATA HAPFY NEHW YEAR
PO DATH 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 statements, change line 140 to say

140 L=100

Be sure to enter your DATA statements in the same form
shown in the program listing. To begin with, you may want
to start off with shorter phrases or single words. Later, try
longer phrases. Do not alter line 9999, which has to be the
last DATA statement. In a 4K Color Computer, you have
room for about 40 or 50 phrases of the approximate size
shown in the program listing. In a 16K Color Computer,
you can have several hundred of them. Be sure to have at
least 5.
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2. To change the length of time the first phrase is displayed,
change the value of T in line 130. Double it to double the
length of time, etc. Don’t make it less than eight.

3. To cause all phrases to be displayed for the same length of
time, remove lines 570 and 720, and insert these lines:

595 R$ =“AT THE SAME SPEED”
725 R$ =“AT THE SAME SPEED”:GOTO 600

4. If you want to change the waiting period before the phrase is
flashed on the screen, change the 1500 in line 470. To make
the delay five seconds, change it to 3000. To make it one sec-
ond, change it to 600.

5. To put the program into a sort of flashcard mode, in which
the phrases are flashed, but no replies are necessary, insert
these three lines:

515 GOTO 710
595 R$ =“AT THE SAME SPEED”
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- 240 Reads DATA statements into T$ array.

260- 370 Displays introduction.

410- 420 Waits for operator to press a key.

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

460 Clears screen and displays horizontal lines.

480- 500 Displays phrase for appropriate length of time.

510- 530 Asks what the phrase was.

550 Determines if typed phrase matches the phrase
displayed.

560- 660 Shortens time for next phrase if reply was correct.
Saves subscript to avoid repetition. Goes back to
wait for key to be pressed.

700- 770 Shows what phrase was. Lengthens time for next
phrase. Ensures that time period does not exceed
maximum.
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800- 830 Subroutine to display horizontal dash lines.
910-9999 DATA statements with phrases to be displayed.

MAIN VARIABLES

T Time that phrase will be displayed.

J Loop variable.

L Limit of number of phrases.

TS Array of phrases (read into from DATA statements).

C Count of number of phrases actually read.

RS Temporary string variable. Also, reply of operator.

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

P1,P2, Subscripts of the four previous phrases.

P3,P4

K Temporary work variable.

SUGGESTED PROJECTS

1.

2.

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

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

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

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

Did you ever find yourself at a loss for words? Well, this vo-
cabulary quiz can be used in a self-teaching environment or as
reinforcement for classroom instruction to improve your ability
to remember the jargon of any subject. It allows you to drill at
your own pace, without the worry of ridicule from other stu-
dents or judgment by an instructor. When you make mistakes,
only the computer knows, and it’s not telling anyone except
you. Modifying the program to substitute a different vocabu-
lary 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 sam-
ple run. After you enter “RUN,” it tells you to press a key to
start, and indicates how many questions you will do (10).

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
answer on, you are shown a status report of the number correct
out of the number attempted so far.
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Finally, after the last question, you are shown the percentage
you got correct, along with a comment on your performance.
Then you have the option of going back for another round of
questions or stopping.

SAMPLE RUN

THIS PROGRAN MILL TEST raue
KNOWLEDGE OF SOME USEFUL
VOCABULARY WORDS.

PRESS A KEY TO STARY.
HE°LL BO 10 QUESTIONS.

1 HHAT NORD HEANS
CONPANY LOVING?
ANONYNOUS
BISPARATE
LACONIC
VIVACIOUS
GREGARIOUS

The program displays an introduction and asks the first question. The
operator selects choice 5.
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CONPANY LOVING?
ANONYNOUS
BISPARATE
LACONIC
YIVACIOus
GREGARIOUS

BOES ASTUTE HEAN?
"IN JUDGNENT
2 MNEAK OR EXHAUSTED
3 FEARLESS OR COURAGEOUS
4 TERSE
S LIVELY OR SPIRITED

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

THAT®S 7 RIGHT OUT OF 9

10 MHAT WORD MEANS
INDIFFERENT?
1 OMINOUS
2 EMERVATED
3 LACOMIC
4 BISPARATE

5 APATHETIC
S

REGHTE

THAT™S 8 RIGHT OUT OF 10

YOU HAB 86 PERCENT CORRECT.
YOu CAN USE SOME MORE PRACTICE.

HANT TO TRY AGAIN?

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

100 REM: VOCARULARY QUIZ

110 REM: (C) 1981, TOM RUGG AND FHIL

FELDMAN

120 CLEAR S0

300 GOSUE 1000:GOSUER 2000

500 GOSUR 3000:GOSUE 4000

700 GOSUE S0003GOSUE 4000

00 IF E=0 THEN 500

@10 GOTO 300

1000 IF E<>0 THEN 10640

1010 CLSIPRINT"VOCAEULARY QUIZ"

1030 FRINTIFRINT"THIS FROGRAM WILL TEST
YOUR"

1040 FRINTUKNOWLEDGE OF SOME USEFULY

1050 FPRINTVVOCABULARY WORDS.Y

1060 FRINTIFRINT"PRESS A KEY TO START."

1070 R$=INKEY$:A=RND(Z2)

1080 IF R$="" THEN 1070

1110 L=10

1120 FRINTVWE/LL DO"3L3"QUESTIONS."

1200 FPRINTIRETURN

2000 IF E<=0 THEN 2200

2010 C=35

2020 D=16

2030 DIM D$ID)LESID),FP(C) $U=1

2060 READ Ds{U)

2070 TF D$(S)="XXX" THEN 2140

2090 READ E${(J)iJd=d+l

2110 IF J<=D THEN 2060

2120 FRINTUQVER"IDIVDATA STATEMENTS."

2140 D=J-1

2200 Q=1:E=0:Q1=0

2300 RETURN

3000 FOR J=1 TO CIFCI)=0INEXT

3030 FOR J=1 TDO C

3040 P=RNDD)

3050 IF P=F1 OR P=F2 OR P=F3 THEN 30490

3040 FOR H=1 TO JITF POY=F THEN 3040

3070 NEXT KIF(D=FINEXT J

3200 A=RND(C) IRETURN

4000 PRINTIM=RND{2)

4020 TF M=2 THEN 4100
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4030 FRINT Q3"WHAT WORD MEANS"

4040 FRINT TAB(3)(E$(FAY) 32"

4050 FOR J=1 TO C

4060 FRINT TAEC(2)3JIDSF I

4070 NEXT:GOTO 4210

4100 FRINT Q3"WHAT DOES "iD$(FCAI2$" MEAN?"
4110 FOR J=1 TO C

4120 PRINT TABCZ) FJIES(F (D))

4130 NEXT

4210 RETURN

S000 INFUT R

5010 IF Rx=1 AND R<=C THEN 50350

5020 PRINT"MUST BE FROM 1 TO";C

53030 GOTO 5000

5050 IF R=4A THEN S100

50460 FRINT'"NO, THE ANSWER IS NUMEBER"iA
5070 GOTO S210

9100 PRINT"RIGHT!":Q1=Q1+1

5210 IF Q=1 THEN 3300

G220 FRINTUTHAT S"iQL13"RIGHT OUT OF";Q
9300 F3=F2IF2=FLIF1=F(A)

5330 RETURN

4000 Q=R+13:TF Q<=L THEN RETURN

4020 E=1:1Q=Q1x100/(Q~1)

6070 FRINT"YOU HAD";Q;"FPERCENT CORRECT.™
4080 TF Q=80 THEN 6110

A020 FRINT"YOU CAN USE SOME MORE FRACTICE."™
4100 GOTO 4200

6110 PRINT"VERY GOOD!™

6200 FRINT

6210 IMPUTHWANT TO TRY AGAIN"IR$

6220 Re=LEFTH(R$, 1) ITHF R$EUN" THEN 6240
6230 PRINTIFRINTUBYE." IFRINTSEND

6240 IF R$<="YY THEN 6210

6250 RETURNM

7010 DATA ANONYMOUS, OF UNKNODWN ORIGIN
7020 DATA OMIMNOUS, THREATENING OR MENACING
7030 DATA AFFLUENT, HEALTHY

7040 DATA AFATHETIC, INDIFFERENT

7050 DATA LACONIC, TERSE

70460 DATA INTREFID,FEARLESS OR COURAGEOUS
7070 DATA GREGARIOUSCOMPANY LOVING

7080 DATA ENERVATED,WEAK OR EXHAUSTED
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7090 DATA VENERABLE, WORTHY OF RESPECT
7100 DATA DISFARATE,DIFFERENT AND DISTINCT
7110 DATA VIVACTOUS, LTVELY OR SFIRITED
7120 DATA ASTUTE,KEEN IN JUDGHMENT

7999 DATA XXX

EASY CHANGES

1. Add more DATA statements between lines 7010 and 7999,
or replace them all with your own. Be careful not to use two
or more words with very similar definitions; the program
might select more than one of them as possible answers to
the same question. Note that each DATA statement first has
the vocabulary word, then a comma, and then the definition
or synonym. Be sure there are no commas or colons in the
definition (unless you enclose the definition in quotes). If
you add more DATA statements, you have to increase the
value of D in line 2020 to be at least one greater than the
number of words. The number of DATA statements you
can have depends on how long each one is and how much
user memory your computer has. Using DATA statements
that average the same length as these, you can probably
have about 12 to 15 of them in a 4K Color Computer, or as
many as 400 in a 16K 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 want to ask some number of questions other than 10,
change the value of L in line 1110.

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

5065 FOR J =1 TO 5000:NEXT

MAIN ROUTINES

120- 910 Mainline routine. Calls major subroutines.
1000-1200 Displays introduction. Initializes RND function.
Displays number of questions to be asked.
2000-2300 Reads vocabulary words and definitions into arrays.
Performs housekeeping.
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3000-3200

4000-4210

5000-5330

6000-6250
7010-7999
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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

’Ug}g o a0 =mr

Qg

Ql
P

P1,P2,P3
A

M

R$

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

Limit of number of questions to ask.

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

Number of choices of answers given for each
question.

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

Array of vocabulary words.

Array of definitions.

Array for numbers of possible answers to each
question.

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

Number of questions correct so far.

Work variable.

Last three correct answers.

Subscript of correct answer in P array.

Work variable to decide which way to ask question.
Yes or no reply about doing another round.

SUGGESTED PROJECTS

1. Modify lines 6070 through 6200 to display the final evalua-
tion messages based on a finer breakdown of the percent
correct. For example, show one message if 100 percent,
another if 95 to 99, another if 90 to 94, etc.



132 TRS-80 Color Programs

2. Ask the operator’s name in the introduction routine, and
personalize 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 3050 and 5300.)

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



Section 3

Game Programs

INTRODUCTION TO GAME PROGRAMS

Almost everyone likes to play games. Computer games are a
fun and entertaining use of your TRS-80 Color Computer.
Besides providing relaxation 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 computer will be your opponent, and a formidable one
indeed.

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

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

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

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



ARGO

PURPOSE

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

HOW TO USE IT

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

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

Each word is entered by simply typing the letters of the word
and pressing the ENTER key. As each letter of the word is
typed, it is displayed at the top of the screen. When ENTER is
pressed, the word is moved to the lower part of the screen,
where a column of words is displayed for each length. The three
letter words are at the left of the screen, and the seven letter
words are at the right.
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If a typing error is made before pressing ENTER, you can
simply correct it as usual by using the “back arrow” key. If you
do not see the error until after you pressed ENTER, there is no
way to erase the erroneous word.

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

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

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

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

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

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

PRESS A KEY

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

1
BBCBDBEFIJIJIANOMNWYY

The program selects 13 random letters and starts the timer.
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482 BOWED
BBCDEFI JROMWYTY

The operator enters the first word, which will go in the column of five
letter words when ENTER is pressed.

5000
BBCDEFTI JnNOdW T Y

BOW DICE BUOMED
CIM MICE NMUMED
COM DINE

MOW DONE

BIB

FED

TINE"S UP. SCORE = 159

oK

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

100
110

140
150
1460

165
170

175
180
190
195
200
210
215
220
230
2460
270
280
285
290
309
310
320
320
340
asa
2460
370
280
a0
395
400
=00
G510
00
710
720
730
740
210
820
830

REMY ARGO

REM: (C) 1981, TOM RUGGE AND
FELDRDMAN

CLEAR Z003CLEINMN=13

DIM N$\;gé.,ﬁ‘N}§E(N),U(ﬁ)
VL) =40 102 =469 0 (3)=73
V{4) 7R IV(E ) =80T
DEDY=R4DA)=10020(5)=105
DEAY=1113D(7)=118

GOSUR 4000

COSUER 2003CLS0=0M=5000
D=103GOTO 5010

Wt

AB=TNKEY$ 1 C=0+1

IF CxM THEN 810

FRINTEO, O STF ag="" THEN 210

TF ASC(A$)=13 THEN 300
TF ASC(A%$)=8 THEN 1500

IF A%"AY OR ASF"ZY THEN 210

Wh=WE+ASSFRINTED, N%,
IF LEN(WSY =8 THEMN 300
GOTO 210

L=lLEN(HE)

IF L3 0OR Lx7 THEN 400
GOSUR 3010

IF F=1 THEN M$="DUFLICATE"1GOTO 7

GOSUR 40103TF F=1 THEN 400
TOY=T(L)+1

IF TY=6 THEN 300

WH L, TOL) Y=W$
FRINTED (L) Wb 3

FRINTED," "
DOD=D+32160TO 200
ME="TLLEGAL"IGOTO 700
TOY=TLY -1 IME="TOO MANY"
GOTD 700

FRINTED+10,M%;

FOR J=1 T0O 30:0C=0C+1
FRINTRO,C: INEXT

FRINTED," "

GATO 200
FRINTE3Z0,"TIME'S UF. "j
SC=03FOR J=3 TOQ 7
K=T{J)3TF Kx5 THEN K=35

FHIL.

139
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840 SC=SC+JIXJIKKINEXT

250 FRINTY SCORE ="3;80C

855 FRINT

860 END

P00 FOR J=1 TO NIR=RND{(Z6)+64
210 A =RINEXT

920 FOR J=1 TO 2

230 AC=V(RND(3)) INEXT

940 RETURN

15300 IF LENCWS$)<Z2 THEN 730

1510 WH=LEFTS (WS, LEN(WE)~1)
1520 PRINTED,"

1530 FRINTED,W$::G0TDO 210

3010 F=03IF T)=0 THEN RETURN
3020 FOR J=1 TO T(L)

3030 IF WH(L,J)=W$ THEN F=1
3040 MEXTIRETURN

4010 F=0FOR J=1 TO NIEC(D)=AD)
4020 NEXTIFOR J=1 TO L

4030 K=ASCIMID®E(WHE,J,1))

4040 FOR X=1 TO N

4050 TF E(X)=K THEN E{(X)=0:GOTO 4070
40460 NEXTIF=1

4070 NEXT JIRETURN

G010 FOR J=N TO 2 STEF ~1:iX=A(1)iF=]1
G020 FOR L=2 TO JITIF AWLEX THEN X=A(L)IF=L
D030 NEXTIAF)=A(J) 1A =XINEXT
G050 FOR J=1 TO N

50460 FRINTE3Z+J+J,CHR$(AGI) )
G070 NEXTIGOTO 730

46000 PRINT TaABCLIZ)3"A R G OV
6010 FPRINTIFRINT"FRESS A KEY"
6020 J=RND(2){As=INKEY$

6030 TF LEN(A%Y=0 THEN 6020
6040 RETURN

EASY CHANGES

1. You can easily change the program to give you more or less
than 13 letters to choose from. In a 4K computer, you can
use any number from three to 17, but more than 15 causes
the last ones to extend to a second line. Values from nine to
15 are best. As an example, make this change to use 15
letters:

140 CLEAR 200:CLS:N=15
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2. The program currently guarantees at least two vowels
among the list of letters. Change the “2” at the end of line
920 to alter this. For example, to guarantee at least three
vowels, it should be:

920 FORJ=1TO 3

3. Give the player more or less time to create words by chang-
ing the value of M in line 190. For example, to make each
game last about twice as long, make this change:

190 GOSUB 900:CLS:C =0:M = 10000

MAIN ROUTINES

140- 195
200- 290

300- 510
700- 740
810- 860
900- 940
1500-1530
3010-3040
4010-4070
5010-5070
6000-6040

Initializes variables, displays title, chooses letters.
Gets word from player. Increments timer while
waiting.

Examines word for legality. Saves it.

Displays and erases error message.

Computes score and ends program.

Subroutine to select N letters.

Backspaces during word entry.

Subroutine to check for duplicate word.
Subroutine to check that legal letters were used.
Alphabetizes and displays letters.

Subroutine to display title and initialize RND.

MAIN VARIABLES

T ™
E@rpEU0U<mr£Z

Number of letters to choose from.

Array that words are saved in.

Array holding ASCII values of letters.

Array for evaluating whether legal letters were used.
Array with ASCII values of the vowels.

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

Maximum value for timer.

Screen location for word being entered.

Word being entered.

Key pressed during word entry.

Length of word entered. Also work variable.

Flag set to 1 if word is illegal. Also work variable.
Error message.
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T Array to count the number of words entered of each
length.

J1,X Loop and work variables.

R Random number used in selecting letters.

,SUGGESTED PROJECTS

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

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



Color Section

BIORHYTHM



TRS-80 Color Programs

NUMBERS




Color Section 145

OBSTACLE

OBSTACLE
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ROADRACE

ROADRACE
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WARI

IIHI" T
i

KALEIDO
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SPARKLE

SQUARES



Color Section

'l_l'l_-uﬂ

l 1

IEn es IW‘

WALLOONS

WALLOONS
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D e

-

1

T
T o

BB EEBEERENR

H

IT ANY KEY TO COMNTINUE

GRAPH

TUNE



DECODE

PURPOSE

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

The object is to figure out the computer’s secret code in as few
guesses as possible. The program gives you information about
the accuracy of each of your guesses. By carefully selecting your
guesses to make use of the information you have, you can deter-
mine what the secret code must be in a surprisingly small num-
ber 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 TRS-80 Color Computer might pick 6153 or
2242 as a secret code.

Your object is to guess the code in the fewest possible guesses.
After each of your guesses, the program tells you a “black” and
a “white” number. The black number indicates the number of
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digits in your guess that were correct —the digit was correct and
in the correct position. So, if the secret code is 6153 and your
guess is 4143, you will told that black is 2 (because the 1 and the
3 will have been correct). Of course, you aren’t told which digits
are correct. That is for you to figure out by making use of the
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 “SUM-
MARY?” by entering an S instead of a guess. This causes the pro-
gram to clear the screen and display each guess (with the corre-
sponding result) that has occurred so far.

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

FIGURE OUT A 4 POSITION CODE
USING THE DBIGITS 1t THROUGH 6

*BLACK® MEAMS A CORRECT DIGIT
IN THE CORRECT POSITION.
"MHITE"™ MEANS ANOTHER CORRECT
DIGIT IN THE WRONG POSITION.

PRESS A KEY TO START
I*VE CHOSEM MY SECRET CODE.

GUESS NUNBER 1 ? 6413
GUESS 1 -- BLACK = 2 HHITE

GUESS NUMBER 2 ?

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.

TUNMMRPTY
GUESS BLACK WHITE
6413 - 0
6414 1 1
6452 1 0
6611 g 0
4433 3 0

GUESS HUMBER 6 7 4443
GUESS & —- BLACK = 4 HWHITE

YOu GOY IT IN 6 GUESSES.
--..THAT®*S HOT BAD
HAMNT TO TRY AGAIN?

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

100 REM: D!lUM
110 REMS 1281, TOM RUGE aAND PHIL

120 :
120 DIM G4 (L
140 DIM '<;,_;;m;

1410 GUE SUG

180 th'T”GUESS NUMPBER" ;G

190 INFUT &%

200 TF LEFTS A%, 1)="8" THEN 500
210 IF LEFTHOa%, L2="0" THEN &00
220 GDSUER 700

2320 GOSUR 200

40 GOSUE 1000

250 TF E Y THEN 2000

2460 r%kL, At
270 G=G+13TF Gkl THEN 2200
280 CDTU 1en

300 G=130%=

ano TFTHY“I VIEE CHOSEN MY SECRET CODE."

FRINT $ RETURM

THEM PRINT"ND GUESHE

180

510 CLSIPRINT TABRCLE) PrEUNMMAaRY®

D520 FRINTYNQD. BUESS BLACK WHITE™"

5A0FOR =1 TO G-1

G40 FRINT J3THE(FIIEH D ITABCLSY JEOLD S
TaBE(EZ4) s WO

SEO NEXTIPRINT

S70 GOTO 180

A0 PRINT

AL0 PRINTUMY CODE WS, .."3

20 FOR J=1 TO 1000 NEXT

30 FPRINT CHIPRINT

&40 FOR J=1 TO S00INEXT

A50 GOTO 2090

700 TF LENGAS)EF THEN 780

710 FOR J=1 TO F

S YET"
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720
TAan

THEN 780

TRY fGEaTlN

s, (M 53-;&..’;-.'2.)}
..wyﬂLi%lﬂ%(L sude 12
A0 Y=00Uy THEN BesREel3GO0=020000

A0 FOR J=1 TO FIIF GO =0 THEN 920
870 H= 0EFOR Kl TQ F

Ben i
870

200

910

Qrn

920

1000
1010

s i e BLACH ="{E3

TH”OI

1240
1240
1270
1280
1290
1rang
1310
1320
1240
a2non
sot10
2020
20410

M"\”U GOT TT IN"iG:"GUESSES ..
Gid THERN pa CUETRY GOODY

THEM TROT BabDv

2050 axd THEMN E$ P BIT O WEAR!
2070 -'JY”»V, THAT S "R

2090 THFUT"WANT TO TRY ﬁluulii”§ril
2100 TF LEFTHONE, Ly="Y" THEM 130
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TF LEFTS (a% . 1y
FRIMTIFRINTCOWARD . " IPRINT

5 YOUR

LIMIT OFY

FRINT"MY CODE
GOTO 2090

EASY CHANGES

1.

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

120 CLEAR 200: D=8:P=5:L=15
The introduction will automatically reflect the new values
for D and P. Be sure that neither D nor P is set greater than
9. You will need a 16K computer to make this change, unless
you delete some text in the program (such as lines 1260-1300
or line 350).
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- 160 Initializes variables. Displays introduction. Chooses

secret code.

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

plays result.

250 Determines if operator guessed correctly.
260- 280 Saves guess. Adds one to guess counter. Determines

if limit on number of guesses was exceeded.

300- 360 Subroutine to initialize variables, choose secret code

and inform operator.

500- 570 Subroutine to display summary of guesses so far.
600- 650 Subroutine to slowly display secret code when

operator quits.

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

legal.



DECODE

800- 930
1000-1020
1200-1340
2000-2130

2200-2240

157

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

Subroutine to display number of black and white re-
sponses for guess.

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

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

MAIN VARIABLES

D

P

L
G$
G,C
B,W

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

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 re-
sponses 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 ac-
count the difficulty of the code as well as the number of
guesses it took to figure the code out. A four position code
using the digits 1 through 6 has 1296 possibilities, but a five
position code using 1 through 8 has 32768 possibilities.
Change lines 2020 through 2050 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 positions and the number of digits. Make sure only “rea-
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sonable” numbers are used —do not try to create a code with
zero positions, for example. Another approach is to ask the
operator if he/she wants to play the easy, intermediate, or
advanced version. Then set the values of D and P accord-
ingly. Suggestions are:

Easy: D=3 and P=3

Intermediate: D=6 and P=4

Advanced: D=8 and P=5

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



GROAN

PURPOSE

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

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

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

HOW TO USE IT

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

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

As long as no frown appears on either die, the roller builds a
running score for this current series of rolls. After each roll with
no frown, he has the choice of rolling again or passing the dice
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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.

But if he rolls and a frown appears, he will be groaning. A
frown on only one die cancels any score achieved for the current
series of rolls. Any previous score is retained in this case. How-
ever, if he rolls a double frown, his entire previous total is wiped
out as well as his current total. Thus, he reverts back to a total
score of zero—true despair.

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

Each dice roll is portrayed with a short graphics display. The
dice are shown rolling and then the outcome is displayed pictori-
ally. Before each roll, the Color Computer 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 other
player.

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

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

HOW MUCH NEEDED 7O MINM
(BETWEEN S50-100 IS BEST)>? S0

HIT ANY KEY TO BEGIN COIN TOSS

The operator has decided to challenge the computer to a fifty point
game of GROAN. He must now hit any key to begin the simulated
coin toss.

I GET FIRST ROLL

The computer wins the coin toss and gets the first dice roll.
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- SCOREBOARD -

50 MEEDED 7O KWIN

POINTS SCORED ¥YOU ME
BEFORE THIS g g

SERIES

I HaYE § POINHTS
THIS SERIES

BICE PASS 1O YOU

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

POINTS SCORED ¥YOu NE
BEFORE THIS 23 36
SERIES

YOU HAVYE 8 POINHTS
THIS SERIES

- SCOREBOARD -
50 NEEDED 7O WIN

(P=PASS DICE - R=REROLL>
YOUR BECISIOM (P OR R) ?

Much later in the same game, the operator rolls an 8 to start a series of
rolls. The score was operator—23, Color Computer—36 before the
roll. The operator must now decide whether to pass the dice or risk
rolling again.
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PROGRAM LISTING

100
110

GROAN - L&K
(Y 1981, FHIL FELDMAN AND TOM

180
140
1 ? 0 £y e
210 B$“(Hf4\1q?)eL. 1
220 FOR J=1 T0O gJOC$xC$*R$:NEXT
“”';HP$f' FTCRLSIY DH=
nF LTO 250%=De+Ed INEXT
250 LD“UT 5000
aon CLs
310 PRINT TaBdlo:"e R O & NY
AZ0 PRINTIFRINT'HOW MUCH NEEDED TO WIN"
Ja0 INFUTY"(BRETHEEN S0-100 IS BESTI"iW
340 WaINT WY ITF Wa=0 THEN 300
%0 TF W9 THEN 300
3460 PRINTIFRINTYHIT aMy KEY T0O BEGIN COIN
TGS
370 QA=RNDCA) 10$=TNKEY%
/8N TFE Q4= THEN 370
a89n LOSUE &00
400 T=0:1TF Q=2 THEN 700
500 Pe="YOU"ICLS
510 PRINT@”U];”YUU’RE ROLLING":
L2800
THEN T=0Q

THLN H=0
i 2000

A0 OTF F=0 THEN 320

G0 FfTNTﬁﬁl&,”DICE FasSs TO ME™3
ZEDIeaTo o0

ano

YeITF Qe="" THEN &00
SURYOTHEN 500

420 JEEUETOTHEN 4600

A0 H=H4TITF He=W THEN 4000

AHAT T=03F=13FPRINTE41S,0C%;

AG0 PRINTE448,CHI60TO 560

FOO T=0iPg=nTv

FL0 CLSIPRINTEZ203,"T'M ROLLING"S
720 GOSUR 2700:605UR 2800

FA0 TeTHRIARILIF Fe0 THEM T=0
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740
750
740
770
780
790
800
a10
820
30
840
a%50
240
a70
880
1400
1410
1420
14630
14640
1450
1440
1470
1480
14690
1700
1710
172
1730
2000
2010
2020
20320
20410
2030
2040
2070
20210
2090
2100
2110
2120
2130
2140

2150
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IF F=2 THEN P=0

GOSUE Z0003TF F=0 THEN 720
BPRINTE41S,0%3

FRINTE4146,"DICE FASE TO YOu";
GOSUE Z75037T=0
GOSUE 7000IFRINTE41LS,C3

IF X=0 THEN 830

FRINTE416," T LL ROLL AGAIN";
GOSUR Z27T0:GOTO 710
FRINTE4L4,"T7LL STOF WITH THIS";
GOSUE 2700 tF=F+T

IF Fr=W THEN 4000

FRINTR448,0C%3

FREINTE448, "DICE FASS TO YOU'"3
T=0:GOSUR 2750i60T0 S00

1GOTO 00

CLSC0Y Q=380 IF0OR J=1 TO &
FRINTEQ,CH$; (Q=0-62

GOSUE 2770:CLSC0)
FRINTEQ,CVS: Q=02

GOSUER 27701CLEC0) INEXT

FOR J=1 TO SIPRINTREQR,CHS:
Q=R+21608UE Z27701CLEC0)
FRINTEQ,CV$: 20:=Q+62

GOSUE 27703CLSC0) INEXT
FRINTE34G,CHE S $QE="YOU"
Q=RNDCZYITF =2 THEN Q$="I"
FRINTE448,0%;
FRINTE44G, Q48" GET FIRST ROLL";
GOSLE 2750 RETURN

FOR J=32 TO 320 STEF 32
FRINT2J,C%: INEXT

FOR J=0 TO 128 STEF 64
FRINT@J, DS SNEXT
FRINTRZS6H,D$  SFRINTR3G2, D%
FOR J=0 TO 352 STEF 32
FRINTRJ, B4 IFRINTEI+24, B4 5
NEXT

FRINTR3Z, "~ SCOREERQARD -'3
FRINTESO, W3 "NEEDED TO WIN";
FRINTELAL,"FOINTS SCORED"S
FRINTR194, "BEFORE THIS";
FRINT@RZ28, "SERTES" §
FRINT@L77,"YOU ME"]
FRINTRZ208,H; IFRINTRZ21Z,F:
FRINTRZ89,F43" HAVE"]




GROAN

21460
2170
2180
2200
2210
2220
2230
2700
2750
2770
2800
2810
2820
2830
2840
2850
28640
2870
2880
3000
3010
3020
2030
3040
3050
3060
3070
3100
3110
3120
3130
3140
3150
31460
3170
3180
3190
3200
3210
3220
3230
3240
3250
3400
3410

FRINT@Z97, T "FOINTS"}
FRINTE324,"THIS SERIES";
RETURN

FRINTR416,C%5 tFRINTR448,C%;

FRINT2416," (F=FASS DICE - R=REROLL>"}

FRINTE448,"YOUR DECISION (F
RETURN

FOR K=1 TO 1000 INEXTIRETURN
FOR K=1 TO 2000 :NEXTIRETURN
FOR K=1 TO S0INEXTIRETURN
CLEC0)IR1I=RND(A) tRZ2=RND (&)
GOSUE 4000 XC=582YC=4tR=R1
GOSUE 30003YC=181R=R2

GOSUE 30003F=0

IF Ri=1 THEN F=131GOGUER 3400
IF RZ=1 THEN F=F+1

IF R2=1 THEN GOSUE 2500

IF F=2 THEN GOSUE 34600
RETURN
XL=XC-3 i XR=XC+31YU=YC~2
YD=YO+2

IF R=1 THEN 3100

IF R=2Z THEN 3140

IF R=3 THEN 3180

IF R=4 THEN 3200

IF R=3 THEN 3220

IF R=6&6 THEN 3240
SETIXL, YU, A ISETIXR, YU, &)
FOR J=XL+1 TO XR-1
SETCJ, YD A) INEXT
SET(XL+1,YD+1,8)
SET(XR-1,YD+1,6) tRETURN
SETXL YU, A CSETXR,, YD, &)
RETURN

GOSUE 3180I8ETIXC,YC,A)
RETURN

GOSUE 31L803I8ETIXR, YU, A)
SET(XL YD, A) IRETURN

GOSUE 3180:GOSUE 3200
RETURN

GOSUER 3Z00:8ET(XL,YC,A)
SET(XR,YC,A) IRETURN
FRINTR186,"GROAN' "}

SOUND 10,10 3RETURN

165
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asoo
3510
3400
3610
4000
4010
4020
4030
4040
4050
4040
4070
4080
4090
4100
4110
5000

5010
5020
5030
5040
5050
5040
5070
s080
5090

5100

TRS-80 Color Programs

FRINTE41L0, "GROAN! "3
SOUND 10, 103RETURN
FRINTRS0Z, "-DESFATR-"3
SOUND 2,50 RETURN
T=03CLSC0)IGOSUR 2000
FRINT@416,0%3
FRINTE448, 0%
IF Pr=W THEN 4070
FRINTE416,"YOU WIN";
FRINTE448,"IT WAS SHEER LUCK"Z
SOUND Z2,20:607T0 4110
PRINTE4LS,"T WIN"S
FRINTE448, "SHILL TRIUMFHS AGAIN"Z
FOR J=1 TO 13
SOUND 200, LINEXT
GOSUR Z7505END
RESTORE$TH=""1FOR J=1 TO &
READ DIQ=0+A%14
TH=Te+CHRE QY SNEXT
P=117+Ax1AIFOR J=1 TO 3
GOSUER G500 TE=TH+CHRE QD
Th=TE+OHRS(LZ28) +OHRS (128)
Th=TE+CHR$(LZ28)+CHRS (128D
Th=TH+OHRS (R INEXT
GOSUER S500FOR J=1 TO &
READ Qi0=Q+Aaxld
TH=TE+CHRS (Q)Y INEXT
NDIFZY LI CHE=""" OV =""
=1 TD &
fP¢ CHEACHRES (124+Q%16)
NEXTFOR J=1 TO 3
CUs=OVE+CHR$ (127 +0x16)
FOR E=1 T0O 31
CVS=CVE+0HRSG CLES) INEXT
NEXTIRETURN
FOR KE=1 T0O 2é
Th=TE+CHRE (L8 INEXTIRETURN
RDATA L17,124,124,124,124
DATA 129,116,124,124,124
DaTH 124,124
N )

] +J$°YRTNTPG,T$3
FRIMTEQ+224,TH;
QuQ-311C0LEC0 Y SPRINTER, TH;
FRINTEG+Z29,T43
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A050 TF (=26 THEN RETURN
HOL0 CLECOXIGOTO 4010

F000 V=P+TIXF Vie=W THEN 7200
7010 IF (W-HYL0 THEN 7250
FOEZ0TF Pl=H THEW L=T/25
7030 IF P THEN 7100
7040 ITF WVIH THEN L=T/3%5
7050 IF VW THEN 7100

70460 L=T/30

FroRMBOD) =L THEN 7250
PERETURN

X=1 SRETURN

EASY CHANGES

1. If you wish to set the program for a fixed value of the win-
ning score, it can be done by changing line 320 and deleting
lines 330-350. Simply set W to the winning score desired.
For example:

320 W=100

would make the winning score 100. Don’t forget to delete
lines 330, 340, and 350.

2. The rolling dice graphics display before each roll can be
eliminated by changing line 6000 as follows:

6000 Q=57:GOTO 6030

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 2700 and 2750. They con-
trol the “pacing” of the game; i.e., the time delays between
various messages, etc. To speed up the game try

2700 FOR K=1 TO 500:NEXT:RETURN
2750 FOR K=1 TO 1000:NEXT:RETURN

Of course, if desired, the constants can be set to larger
values to slow down the pacing.

4. The color of the scoreboard and the color of the dice are set
in lines 160 and 170 with the variables C and A respectively.
You can make them any of the 8 available colors as ex-
plained in your manual. For example to get a red scoreboard
and yellow dice, change lines 160 and 170 to

160 C=4
170 A=2
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5. If your computer has only 4K of memory, you can get a
playable version of the game by making the following
changes:

150
330
360
570
770
870
1600
2700
2810
2820
2830
2850
2860
3000
3010
3020
3400

CLEAR 75
INPUT W

PRINT:PRINT “HIT ANY KEY”
PRINT@416, “MY DICE”;
PRINT@416, “YOUR DICE”;
PRINT @448, “YOUR DICE”;
CLS (0):Q$ =“YOU”

REM

R=R1:Q=124:GOSUB 3000
R=R2:Q=348

GOSUB 3000:F =0:Q =186

IF R2=1 THEN F=F +1:Q=410
IF R2=1 THEN GOSUB 3400

IF R =1 THEN 3020
PRINT@Q,R; :RETURN
PRINT@Q,“ G ”; :RETURN
PRINT@Q,“GROAN!”;

In addition, the following lines must be deleted: 100-110,
170, 250, 310, 340-350, 1610-1690, 2770, 3030-3250,
3500-3510, 4020, 4050, 4080, and 5000-6060.

These changes will remove many of the program’s fancy ef-
fects but will not materially affect the performance of the
game. In order to save the program on cassette or load it
later from cassette, you may need to execute a CLEAR 0
statement before the cassette input/output.

MAIN ROUTINES

160- 250
300- 400
500- 650
700- 880
1600-1730
2000-2230
2700-2770
2800-2880
3000-3250
3400-3610

Initializes constants.

Initial display. Gets winning score.
Human rolls.

Color Computer rolls.

Coin toss for first roll.

Displays scoreboard.

Delay loops.

Determines dice roll, drives its display.
Draws die face.

Displays groan messages.
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4000-4110 Ending messages.

5000-5720 Initializes string variables.

6000-6060 Graphics dice rolling.

7000-7250 Computer’s strategy. Sets X =0 to stop rolling or
X =1 to continue rolling.

MAIN VARIABLES

w Amount needed to win.

H Previous score of human.

P Previous score of computer.

C Scoreboard color.

A Dice color.

T Score of current series of rolls.

X Computer strategy flag (0=stop rolling; 1=roll
again).

L Cutoff threshold used in computer’s built-in
strategy.

\Y Score computer would have if it passed the dice.

Q,Q% Work variable, work string variable.

JLK Loop indices.

P$ String of name of current roller.

R1,R2 Outcome of roll for die 1, die 2.

R Outcome of a die roll.

F Result of roll (0 =no frown; 1 =one frown; 2=dou-
ble frown).

XC,YC Horizontal, vertical die printing positions.
XL,XR  Screen printing positions.

YU,YD

B$,C$,D$ Strings for graphics displays.

CVs,

CHS,TS

SUGGESTED PROJECTS

1. The computer’s built-in strategy is contained from line 7000
on. Remember, after a no frown roll, the Color Computer
must decide whether or not to continue rolling. See if you
can improve on the current strategy. You may use, but not
modify, the variables P, T, H, W. The variable X must be
set before returning. Set X =0 to mean the computer passes
the dice or X =1 to mean the computer will roll again.
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2. Ask the operator for his/her name. Then personalize the
messages 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.



JOT

PURPOSE

JOT is a two player word game involving considerable mental
deduction. The TRS-80 Color Computer 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 en-
tirely with three-letter words. All letters of each word must be
distinct — no repeats. (See the section on Easy Changes for fur-
ther criteria used in defining legal words.)

To begin the game, each player chooses a secret word. The re-
mainder of the game involves trying to be the first player to
deduce the other’s secret word.

The players take turns making guesses at their opponent’s
word. After each guess, the asker is told how many letters (or
hits) his guess had in common with his opponent’s secret word.
The position of the letters in the word does not matter. For ex-
ample, if the secret word was “own,” a guess of “who” would
have 2 hits. The winner is the first person to correctly guess his
opponent’s secret word.

HOW TO USE IT

The program starts by requesting that you hit any key to
begin. It then displays 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
Color Computer alternating guesses at each other’s secret word.
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After the computer guesses, it will immediately ask you how it
did. Possible replies are 0, 1, 2, 3, or R. The response of R (for
right) means the Color Computer has just guessed your word
correctly—a truly humbling experience. The numerical replies
indicate that the word guessed by the computer had that number
of hits in your secret word. A response of 3 means that all the
letters were correct, but they need to be rearranged to form the
actual secret word (e.g. a guess of “EAT” with the secret word
being “TEA”).

After learning how it did, the computer will take some time to
process its new information. If this time is not trivial, the Color
Computer will display the message: “I'M THINKING” so you
do not suspect it of idle daydreaming. If it finds an inconsis-
tency in its information, it will ask you for your secret word and
then analyze what went wrong.

When it is your turn to guess, there are two special replies you
can make. These are the single letters S or Q. The S, for sum-
mary, will display a table of all previous guesses and corre-
sponding hits. This is useful as a concise look at all available in-
formation. It will then prompt you again for your next guess.
The Q, for quit, will simply terminate the game.

When not making one of these special replies, you will input a
guess at the computer’s secret word. This will be, of course, a
three letter word. If the word used is not legal, the computer will
so inform you. After a legal guess, you will be told how many
hits your guess had. If you correctly guess the computer’s word,
you will be duly congratulated. The computer will then ask you
for your secret word and verify that all is on the “up and up.”
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SAMPLE RUN

HIT ANY KEY 7O BEGIN

JUST A MOMENT ....

THANKS: HON LET"S EACH THINK

OF OUR SECRET HORD
CTHIS TAKES ME @ WHILE ...)
I°VE ALNOST 6OT IT ..

OXs BO YOU MANT TO GO FIRST? N

The player hits a key to begin. Then he and the computer each select
their secret words. The computer is given the first guess.

gk, DO YOU WANT 7O GO FIPTT? K

MY GUESS IS -- HaAN
HOW DID I DO <0-3 OR R>? ¢

I"H THINKING ...

YOUR GUESS (OR S OR 837 FaT
= OF HITS IS @

HY GUESS IS -- RIB
HOW BIB I BO (9-3 OR RO? 0O

IH THINKING ...

YOQUR GUESS (OR S OR @)7?

The computer and player exchange the first few guesses and their
results with each other.
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Mr GUEZZ [3
HOW DID I 3C

YOUR GUESS (OR

YOUR GUESSES MY GUESSES

HORD HITS WORD HITS
FAT g HAN 0
RED 1 RIB

gar 0 DuG

GENR H cax

KEY

YOUR GUESS «(OR = OR 9)?

Later in the same game, the player requests a summary before making
his guess.

4 COW
5 KE'TY

YOUR GUESS (OR S OR @)>7 MEN
= OF HITS IS 2

MY GUESS IS -- PET
HOW BIB I DO <0-3 OR R>? R

IT SURE FEELS GOObp

NY WHORD HAS - PEHN

HOM ABOUTYT ANOTHER GAME? N
ax
E

The computer, however, guesses correctly to win the game. After ’
revealing its secret word, the computer offers another game but the
player has had enough.
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PROGRAM LISTING

100 REME JOT ~ 1a&K

110 REMD (0) 1981, PHIL FELDMAN AND TOM
RUGE

180 CLEAR 200

1460 M:

170 N:

180 DIM AF (N, GLS (M), GES M)

120 DIM HLIM)Y HEM)

200 Gl=030G2=0

210 L=N

CLSIPRINT TARCLZY:"D O T"

FRINT

FRIMTUHIT a&NY KEY TO BEGIN"

Qe+ L 3P $=TINKEY$

IF Pg="" THEN 250

Q=RND (-Q) SPRINT

FRINT"JUST A& MOMENT +..."

RESTORESFOR P=1 TO N

READ AECP) INEXTIPRINT

FRINT"THANKS, NOW LET S EACH THINK"

FRINTUOF OUR SECRET WORD"

FRINT

FRINT"{THIS TAKES ME A WHILE +..0"

FOR A=N TO 100 STEF -1

AE0 B=RNDOAY ICOSUE 4000 INEXT

3460 PRINTIQ=RND(ND

370 FRINTUICVE ALMOST GOT IT .."

380 FOR A=99 TO 2 STEF ~1

390 BE=RNDOAYIGOSUE 4000 ENEXT

400 MPF=aE QY SPRINT

410 FPRINTYOK, DO YOU WANT TO ";

420 INFUT"GED FIRST" ;0%

430 QF=LEFT$ (A%, 1)

440 TF Q#F=UN" THEN 700

450 TF Q#="Y" THEM 500

440 FPRINT

470 FRINT"YES OR NO PLEASE"

480 FRINTIGOTO 410

S00 FPRINT

S10 INFUTU"YOUR GUESS (OR & OR MUiP4$

SEQOTF Pe=UEY O THEN GOSUR 1200

SA0TF Pe=UE" THEN S500

G40 TF Pe=U0" THEN 2000




176 TRS-80 Color Programs

550 IF F$<xM$ THEN 580

340 Gl=Gl+1iGLE(GL)=F%

570 HICGL»=91G0OTO 5000

S80 GOSUER 3000

G900 IF F=1 THEN 630

A00 FRINTU"THATYS NOT A LEGal. WORD !v
410 FRINT" -~ TRY AGATN"

420 GOTO S00

4630 QE=MEIGOSUER 4200 :0%=F%

440 GOSUE 24600

A50 FRINT"$ OF HITS XS5"iQ

460 Gl=Gl+13GL$(GL)=Q%IHL(G1)=0Q
470 IF Gi=M THEM 5400

700 Q=A%) IG2=6G2+1IG2$(G2)=0%
710 PRINT

720 PRINT"MY GUESS XIS --— "3Q%
730 INFUTYHOW DID I DO (0-3 OR RY"iF%
740 P4$=LEFTH(F$,1)

750 IF Pe="R" THEN HZ{GZ2)=9

760 IF F$="R" THEN 4400

770 P=UALIF$) LIF PE3 THEN 800
780 IF PX0 THEN 810

720 IF Pe¢="0" THEN 810

800 FRINT"EA&AD ANSWER"IGOTD 710
810 TF L<100 THEN 840

820 PRINT

830 PRINT"IM THINKING +.."

840 H2(GC2)=FIGOSUE 200:60TO 300
P00 Qb=G2%(C2) IH=H2(GZ) J=0

910 GOSUE 4200:L=L~1

P20 IF L<1 THEN 1000

@30 J=JELIIF JxL O THEN 990

40 Q=A%) IGOSUER 2600

@50 IF Q=H THEN 930

P40 A=JIBE=LIGOSUE 40003L=L~1
70 IF L<1 THEM 1000

80 IF Lx=J THEN 940

@90 RETURN

1000 FRINT

1010 PRINTUSOMETHING S WRONG ¢
1020 FPRINT

1030 INFUTU"WHATS YOQUR SECRET WORD"iFP$
1040 GOSUE 3000

1050 IF F<x0 THEN 1090

1060 FPRINT"ILLEGAL WORDY
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1070
1080
1090
1100
1110
1120
1130
1140
1150
1140
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
13440
1350
1340
1370
1380
1390
1400
1410
1420
1440
1450
1470
2000
2010
2020
2030
2040
2050
20410
2070
2600

BFRINTTL NEVER HAD A CHANCE"Y
GOTD 2000

FRINT

FRINT" YOU GAVE & BAD"
FRIMTUANSHER SOMEWHERE"Y
FRINT

FRINT"HIT ANMY KEY TO SEE THE
O¢=TNKEY4$

IF Q$="" THEN 1140

GOSUE 1200:G0TO 2000
FRINTIQ=G1IQ%=" "

IF GZ2>G1 THEN Q=62

IF Q=0 THEN 1250

FRINTUND GUESSES YETY
RETURN

FOR J=1 TO JO0IFPRINT"-"3
MEXT S FRINT" -~

FRINT"YOUR GUESSES"™S

FRINT TABCL&) 78"}

FRINT TAER(Z21):;"MY GUESSES"
FRINT"WORD HITS"

FRINT TaAR(21)3"WORD  HITSY
FOR J=1 TO GiK=1

IF Jx% THEN K=0

IF J=GL THEN 1400

IF JxG2 THEN 1440

FRINTY "iGL$ () 30%3H1ICI)
FRINT TﬁE\lﬂfh sus

FRINT TABRC(ZZ2)iG2$(J) 3
FRINT®  "IHZODIGOTO 1470
FRINT TAR(L4+K)3J3

FRINT TABR(ZZY3GZ2$00) 3
FRINT"  "3iHZ(IGOTO 1470
FRINT" "3G14$(J)3QB3HLOII
FRINT TaBE(14+K):d
NEXTIRETURN

FRINT

INFUT"HOW AEBOUT ANOTHER GAME"
QeE=LEFT$(Q%, 1)

IF Q$="Y" THEN 200

TF Q&="N" THEN END

FRINT

FRINT"YES OR NO PLEASE"
GOTO 2000
Fe=LEFT$(Q%, 1) IQ=0

177

SUMMARY "

JQ%
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2610 GOSUER 2700

2620 F&=MID${(Q%,2,1)

2630 GOSUR 2700

2640 Pe=RIGHT${(Q%, 1)

2650 GOSUR Z700

2660 RETURN

2700 IF Pé$=M1$ THEN Q=Q+1

2710 IF P$=M2% THEN Q=Q+1

2720 IF P$=M3% THEN Q=Q+1

2730 RETURN

3000 F=0

3010 FOR J=1 TO N

3020 IF A% =F4$% THEN F=1IRETURN
3030 NEXTIRETURN

4000 Q=A% (E)SA$ (B =A% (A)

4010 AS(AY=Q%IRETURMN

4200 M1$=LEFT$(Q%,1)

4210 M24=MID${Q%,2,1)

4220 MI3s=RIGHT$(R%, 1) IRETURN
4400 FRINT

4410 FRINT"IT SURE FEELS GOOD"
4420 FRINT

4430 FRINT"MY WORD WAS - "M%
4440 GOTO 2000

5000 FRINT

G010 PRINTYCONGRATULATIONS -~ THAT'S IT"
5020 FRINT

S030 INFUTU"WHATS YOUR WORD™iF$
5040 GOSUE 300023.0=1

G050 TF F<=0 THEN 5090

G040 PRIMTIPRINTVYILLEGAHL WORDY
G070 FRINTUI HAD NO CHANCE v
5080 GOTO 2000

G090 IF A$C)YxPE THEN S120

5100 FRINTIFRINTUNICE WORD'

G110 GOTO 2000

D120 JmJeLiTF Jel=L THEN 5090
D130 PRINT

5140 PRINT"YOU MADE AN ERROR SOMEWHERE '
3150 PRINTUHIT ANY KEY T0O SEE THE SUMMARY"
91460 DE=TNHKEY$

S170 TIF Q=" THEN 51460

5180 GOSUE 12003GOTO 2000

9400 FPRINTYSORRY, I7#M OUT OF MEMORY"
3410 FRIMNT
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5420
5430
4000
&010
4020
&030
4040
L0550
6040
4070
4080
4090
H100
6110
&120
41320
6140
6150
6140
&170
£180
4190
AZ00
6210
&220
L4230
4240
H250
HZAD
&270
H280
6290
46300
318
&320
HAZ0

472810
A390
4400
H410
ARZN0

FRINT"MY WORD WAS -~ "jM$

GOTO
DATH
DATA
DATA
DATA
DATH
DATA
DATH
DATA
DATA
DATA
DATH
DATA
DATA
DATA
DATH
DATH
DATA
DATH
DATH
DATH
DATA
DHTH
DATH
DATH
DATH
DATAH
DOTA
DATA
DATA
DATA
DATA

THETA

DATH
DATA
D&ETH
DATAH
DATH
DETH
DATH
DATA
DATH
DATH
T 6

2000

ACE ,ACT , ADE, ADD, ADS
AFT, AGE, AGD , AID, ATL
ATM ATR, ALE , ALF, AND
ANT s ANY s AFE , &F T, ARC
ARE ; ARK, ARM, ART s ASH
ASK, ASE, ATE , AKE, AWL
AXE , AYE , BAD, BAG, BAN
BAR,EBAT,,BAY,BED, REG
BET,BID,BIG, BIN,EIT
Ea, BOG, BOW, BOX, ROY
EUD, BUG , BUM, BUN, BUS
BUT, BUY BYE, CAE, CaAD
CAM, CAN,CAP, CAR, CAT
COE, COD,COG, CON, COF
COT,COW,COY,CRY, CUR
CUD, CUE, CUP, CUR,CUT
DAE, DAM, DAY, DEN, DEW
DIE,DIG,DIM,DIN,DIM
DOE,DOG, DON,DOT, DRY
DUE, DUE, DUG, DYE, DUO
EARLEAT,EGO, ELK,ELM
ENDGELFLERA,FAD,FAG
FANFAR,FAT,FED,FEW
FIG:FIN,FIR,FIT,FIX
FLY FOE,FOG, FOR,FOX
FRY, FUN,FUR, GAF; GAS
GAY , GEM, GET , GIN, GNU
GOE,GOD,GOT, GUM, GUN
GUT , GUY , GYF , HAD , HAG
HAM, HAS  HAT , HAY , HEN
HEX s HID s HIM, HIF, HIS

FITLHER,LHENRLHOE,WOG

HOE , HOT , HOW , HUE , HUE
HUG . HUM  HUT , TOE , TCY
TLHINK,, TMP, TON, TRE
TRE,ITS, TVY . JAE, JAR
dﬁH,dﬁYgdﬁEdeGydﬂT
JOY 5 JUGE . JAG . JAM, JET
JIG, JUT, KEG, KEY , KID
KINGEIT,Lak, Lab, LAG
LAF Lok, LAY, LAX, LED
LEG LET,LID,LIE, LI
LIT,LOE,LOG, LOF,LOT
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DT
DEaTH
DATH
DATA
DATH
DAETAH
DATH
DATH
DETA
DETH
DATH
DETH
DTy
DETH
DT éy
DATA
DATH
DATH
DT
DATAH
DaTH
DATH
DATH
DETH
DaTé
Tade iy
DATA
DdTH

DATA

£500 DATA
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LOW,LYE , Mol MAN; MAF
MaR, MAT , MAY  MEN, MET
MID, MOE  MOF S, MOW , MUD
MIx 3 L NAG , NaF
HAY  NETNEW,NIL,NIF
BIOD  MOT L NDR, NOR, NUT
OAF, 08K, 06k, 0487, 0DE
OTL s OLD, ONE, OFT , GRE
QURDUT, DVA; OWE ; OWL
(It Jg] Al AL s AN, AR
Fﬁ“ AW FAY s FEA,PEG

CFEW, FIE, FIO
i"{.]l.a’iF or «l 0%
"-:f,F ROLFRY,FUR
r'UT Fh"s[;af;(ﬂﬂ

sUnaie g
dedoed

PERQ!j
PN v

FFU LI[
LUD,RUL

Pl RLIN G R
SA6 ¢
SET

o l\\i

3G, TAM, TAF
'+ TEN, THE
;  TIF

”Hi‘
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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
lines 500 through 530 to read

500 Q=Gl1+G2
510 IF Q>0 THEN GOSUB 1200

520 PRINT

530 INPUT “YOUR GUESS (OR Q)”;P$

The maximum number of guesses allowed, M, can be
changed in line 160. You may wish to increase it in conjunc-
tion with Suggested Project 2. You might decrease it to free
some memory needed for other program additions. The cur-
rent value of twenty-five is really somewhat larger than
necessary. An actual game almost never goes beyond fifteen
guesses. To set M to 15 change line 160 to read

160 M =15

Modifying the data list of legal words is fairly easy. Our
criteria for legal words were as follows: they must have three
distinct letters and not be

—capitalized

—abbreviations

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

—specialized words (like “ohm,” “sac,” “yaw” etc.)
In line 170, N is set to be the total number of words in the
data list. The data list itself is from line 6000 on.
To add word(s), do the following. Enter them in data state-
ments after the current data (use line numbers larger than
6800). Then redefine the value of N to be 405 plus the
number of new words added. For example, to add the words
“ohm” and “yaw” onto the list, change line 170 to read

170 N =407
and add a new line
6810 DATA OHM,YAW

To delete word(s), the opposite must be done. Remove the
words from the appropriate data statement(s) and decrease
the value of N accordingly.
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MAIN ROUTINES

150- 190
200- 480
340- 390
500- 670
700- 840
900- 990

1000-1160
1200-1470
2000-2070
2600-2730
3000-3030
4000

4200-4220
4400-4440
5000-5180
5400-5430
6000-6800

Dimensions arrays.

Initializes new game.

Shuffles A$ array randomly.

Human guesses at the computer’s word.
Computer guesses.

Evaluates human’s possible secret words. Moves
them to the front of A$ 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.

Swaps elements A and B in the A$ array.
Breaks word Q$ into separate letters.
Post-mortem after computer wins.
Post-mortem after human wins.

Error routine—too many guesses.

Data.

MAIN VARIABLES

N

M

AS$
G1$,G2%
H1,H2

G1,G2
MS$
M1$,M28,
M3$
P$,Q%

L

F

H

A,B
J,P,Q

K

Total number of data words.

Maximum number of guesses allowed.

String array holding data words.

String arrays of human’s, computer’s guesses.
Arrays of human’s, computer’s hits corresponding
to G1$,G2$.

Current number of human’s, computer’s guesses.
Computer’s secret word.

First, second, and third letters of a word.

String temporaries and work variables.

Current number of human’s possible secret words.
Flag for input word legality.

Number of hits in last guess.

A$ array locations to be swapped.

Temporaries; array and loop indices.

TAB argument.
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SUGGESTED PROJECTS

1.

Additional messages during the course of the game can per-
sonify the program even more. After the Color Computer
finds out how its last guess did, you might try an occasional
message like one of these:

JUST AS I THOUGHT. ..
HMM, I DIDN’T EXPECT THAT...
JUST WHAT I WAS HOPING TO HEAR...

The value of L is the number of words to which the compu-
ter has narrowed down the human’s secret word. You might
check its value regularly and when it gets low, come out with
something like

BE CAREFUL, I'M CLOSING IN ON YOU.

Incorporate a feature to allow the loser to continue guessing
at the other’s word. The summary display routine will al-
ready work fine even if G1 and G2 are very different from
each other. It will display a value of “9” for the number of
hits corresponding to the correct guess of a secret word.
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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 youw’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 start-
ing point for each player, and tells you to press any key to start.

After a key is pressed, each player begins moving indepen-
dently in one of four random directions—up, down, left, or
right. As each player moves, he or she builds a “wall” inside the
playing field. The computer determines the speed of the move;
the player can only control his own direction. The player on the
left can change direction to up, down, left, or right by pressing
the key W, Z, A, or D, respectively. The player on the right does
the same by using the keys for O (not zero), , (comma), K, and ;
(semi-colon). Find these keys on the TRS-80 Color Computer
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 or
she loses. When this happens, the program indicates the point
of impact for a few seconds and displays the name of the win-
ner. 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 op-
ponent runs out of room on his own? Try both approaches and
see which yields the most success.

When pressing a key to change direction, be sure to press it
quickly and release it. Do not hold a key down —you might in-
hibit the computer from recognizing a move your opponent is
trying to make. Once in a while, only one key will be recognized
when two are hit at once.

SAMPLE RUN

oo OBSTACLE oo

NAME OF PLAYER ONM LEFT? TON
PLAYER 0ON RIGHT? PHIL

The program starts off by asking for the names of the two players.
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UBSTACLE
PRESS A KEY TO START

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

TOm WInzZ:

The program redraws the playing field and starts both players moving
in 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 REM? OBRSTACLE

110 REM: (C) 1981, TOM RUGE AND FHIL
FELDMAN

120 CLEAR 200:G50GUE 400

130 CLECOMIIPRINTEA1LS, "ORSTACLE"

150 PRINTUYPRESS A KEY T0O STaRT"

155 AS=CHR$ 175 1BE=CHREL1)

140 A=2001R=213

145 b GHES (207) 38=1024 8 AD=RND (4 IBD=RND (4)

170 € PEOIGOSUE 900

17% FOR J=1 TO d%!i INKEY$ INEXT

180 RE=TNKEYS$ I =RND(2)

190 IF LEN\Li)“O THEN 180

200 CLE0 IGOSUR PT0IGOSUR 200

210 X= ﬁ D mn*rogun 1000

220 A

230

240

24% XF ] UR BlR=1 THEN 400

ZE0 GLRSUR 900

240 fﬂh Jmll TR B3IRE=TINKEY$

270 TF R$="W" THEN

280 IF R$="Z" THEN

290 IF R$="A" THEN

300 IF R$="D" THEN

210 TIF R$= THEN

az0 IF 2 THEM

a30 IF 1 Y THEN

240 IF P$“"’" THEN

350 MEXTIGATO 210

400 GOSUE 7005TF AR=1 THEN R$=CHR®(128)

410 IF BR=1 THEN Z$=CHR${128)

420 FOR J=1 TO 18IFPRINT@A, A%

430 FRINTEE,E$:

440 FOR H=1 TO 100INEXT

450 FPRINTEA,R$; SFRINTRE, Z4%3

440 FOR K=1 TO 1003INEXTINEXT J

490 GOTO 130

H00 CLEIFPRINT"xx OBSTACLE »xx" IFRINT

410 INFUT"NAME OF PLAYER ON LEFT” JANS$

&Z0 INFUTYFLAYER ON RIGHT"EN$

A%50 RETURN

D GOSUE 1000
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700 SOUND 4,45PRINT@416," "3
710 TIF AR=0 DR BR=0 THEN 730
Z20 FRINT"YOU EOTH LOSE!'"IRETURN

)

&

740 F
750 R$

RE=ANS I IF AR=1 THEN R$=ENS
NT RE3" WING!'"
ABEZE=ES I RETURN

00 FRINTEA, AR SPRINTER, EB$;
@20 RETURN

20 FOR X=0 TO 31FRINTEX,E$3
QED PRINTEX+384, 543 SNEXT

S70 FOR X=0 TO 384 STEF 32

P80 PRINTEX,E$; IFRINTEX+31,E$3
@O0 MNEXTIRETLRN

1000 TF D=1 THEMN X=X-32

1010 IF D=2

] X=X +3F

1020 TF D=3 THEN X=X-1

1030 IF D=4 THEM X=X+1

1040 R=03:1TF FEEK{S+X)<H128 THEN R=1
1050 RETURM

EASY CHANGES

1.

2.

To speed the game up, change the 8 in line 260 to a 5 or so.
To slow it down, make it 12 or 15.

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
To change the length of time that the final messages are dis-
played after each game, modify line 420. Change the 15 to 8
(or so) to shorten it, or to 25 to lengthen it.
Change the colors of the players and/or the boundary of the
playing field by changing lines 155 and 165. For example, to
make the player on the left magenta and the player on the
right orange, make this change:

155 A$ = CHR$(239):B$ = CHR$(255)

The color of the playing field boundary can be changed by
changing the value of ES$ in line 165. Refer to the appendix



190

TRS-80 Color Programs

on color graphics characters in your “Getting Started With
Color BASIC” manual for other color possibilities.

5. Change the keys that are used to determine each player’s
direction by altering the appropriate values in lines 270
through 340. For example, to make the X key cause the
player on the left to go down, make this change:

280 IF R$ =“X” THEN AD =2

MAIN ROUTINES

120- 170
180- 200
210- 250
260- 350
400- 490
600- 650
700- 750
900- 920

950- 990
1000-1050

Initializes variables. Gets players’ names. Displays
titles, playing field.

Waits for key to be pressed to start game. Re-
displays playing field.

Makes move for player A (on left side) and B (on
right). Saves results.

Accepts moves from keyboard and translates
direction.

Displays winner’s name at bottom of screen. Flashes
a square where collision occurred. Goes back to start
next game.

Subroutine that gets each player’s name.
Subroutine that displays winner’s name.
Subroutine that displays each graphics color 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

A

B

AS$

B$

S
AD,BD

E$
RS

Player A’s current position.

Player B’s current position.

A’s marker.

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; also work
variable.
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X Temporary position on screen.

D Temporary direction.

AR,BR  Result of A’s and B’s moves (0 =okay, 1 =Iloser).
ANS$,BN$ Names of players A and B.

VA Work variable.

J,K Loop variables.

SUGGESTED PROJECTS

1. Keep score over a seven game (or so) match. Display the cur-
rent score after each game. Don’t forget to allow for ties.

2. 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.

3. 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.



ROADRACE

PURPOSE

Imagine yourself at the wheel of a high-speed race car wind-
ing your way along a treacherous course. The road curves un-
predictably. To stay on course, you must steer accurately or risk
collision. How far can you go in one day? How many days will
it take you to race cross-country? Thrills galore without leaving
your living room.

The difficulty of the game is completely under your control.
By adjusting the road width and visibility conditions, ROAD-
RACE can be made as easy or as challenging as you wish.

HOW TO USE IT

The program begins with a short graphics display. It then asks
you to hit any key to begin. Next you are requested to provide
two inputs: road width and visibility. The road width (in
characters) can be set anywhere between 4 and 15. The degree of
difficulty changes appreciably with different widths. A very nar-
row setting will be quite difficult and a wide one relatively easy.
Visibility can be set to any of four settings, ranging from “terri-
ble” to “good.” When visibility is good, the car appears high on
the screen. This allows a good view of the twisting road ahead.
When visibility is poor, the car appears low on the screen allow-
ing only a brief look at the upcoming road.

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

The car is controlled with the use of two keys near the upper
right corner of the keyboard. Pressing the left arrow () will
cause the car to move to the left while pressing the right arrow
(—) will cause a move to the right. Doing neither will cause the
car to continue straight down.

The race proceeds until the car goes “off the road.” Each such
collision is considered to terminate one day of the race. After
each day, you are shown the number of miles achieved that day
along with the cumulative miles achieved for consecutive days
of the race.

After each collision, you can proceed by pressing either C, R,
or Q. Selecting C will continue the race for another day with the
same road conditions. Cumulative totals will be retained. R will
restart the race. This allows changing the road conditions and
initializing back to day one. Q simply quits the race and returns
the computer back to direct Basic. Either of the last two options
will produce a display of the average miles travelled per day for
the race.

There are several different ways to challenge yourself with the
program. You can try to see how far you get in a given number
of days. You might see how many days it takes you to go a given
number of miles—say 3000 miles for a cross-country trip. As
you become proficient at one set of road conditions, make the
road narrower and/or the visibility poorer. This will increase
the challenge. Different road conditions can also be used as a
handicapping aid for two unequally matched opponents.
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SAMPLE RUN

The program displays its logo.

HIT ANY XEY TO BEGIN

ROAD WIDTH (4-153% 7

YISIBILITY CONDITIONS
1 - TERRIBLE
2 - BAD
3 - FAalIR
4 - GOO0D
YISIBILITY <1-457 3

After requesting a key be hit to begin, the short input phase begin§.
The operator selects a course with a 7 character road width and fair
visibility.
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The car is on the starting line. The starting light counts down the be-
ginning of the race. When the last light goes on, the race will be off
and running.

YOU HWENT 345 ES F
OF 5838 RMILES InN 2 Ds

O A& TOTAL
EA

HIT *C* - CONTINUE RACE
*R® - RESTART RACE
*e* - QuIT

The operator, steering the car from the keyboard, finally crashes. A
distance of 340 miles is obtained on this leg for a total of 580 miles in 3
days (legs). The options for continuing are displayed while the pro-
gram waits for the operator’s choice.
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500- 540
600- 650
700- 750
800-1050
1400-1600
2000-2200
3000-3220
3600-3640
4000-4090

Initializes the road.

Determines the next road condition.
Updates the car position.

Processes end of race day.

Draws next road segment.
Initializes string variables.

Initial graphics display.

Waits for user to hit any key.
Graphics to begin race.

MAIN VARIABLES

RS$,RLS,
RR$

CR

cC

G

C$
J,K,Q,R

B$,DS, TS,

N§,M$

Road width.

Visibility.

Miles driven on current day.

Number of days of the race.

Total miles driven for whole race.

Elapsed time during race.

String characters to move car left, right.
Position of left side of road.

Random value cutoff to move road left, right.
Leftmost, rightmost allowable road position.
User replies.

Screen location of car.

Strings to display road segments.

Color of road.

Color of car.

First address of screen memory.
Character string for car.

Loop indices and work variables.
Miscellaneous strings.

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 compar-
ing 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
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This formula is crude, at best. The coding can be done be-
tween lines 930 and 940.

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. This can be done with ap-
propriate PRINT statements before the various RETURNSs
in lines 1400-1600. The program will recognize a collision if
the car moves into any non-blank square.



WARI

PURPOSE

Wari is an old game with roots that are much older. Its origins
go back thousands of years to a variety of other similar games,
all classified as being members of the Mancala family. Other
variations are Awari, Oware, Pallanguli, Kalah, and countless
other offshots.

The program matches you against the computer. You are
probably going to lose a few games before you win one—the
computer plays a pretty good game. This may hurt your ego a
little bit, since Wari is purely a skill game (like chess or
checkers). There is no element of luck involved, as would be the
case with backgammon, for example. When you lose, it’s be-
cause you were outplayed.

HOW TO USE IT

When you start the program, the first thing it does is display
the Wari board and ask you if you want to go first. The board is
made up of twelve squares in two rows of six. Your side is the
bottom side, numbered one through six from left to right. The
computer’s side is on the top, numbered seven through twelve
from right to left.

At the start of the game, each square has four “stones” in it.
There is no way to differentiate between your stones and the
computer’s. They all look alike and will move from one side to
the other during the course of play.
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The first player “picks up” all the stones in one of the squares
on his side of the board and drops them, one to a square, start-
ing with the next highest numbered square. The stones continue
to be dropped consecutively in each square, continuing over on-
to the opponent’s side if necessary (after square number 12
comes square number 1 again).

If the last stone is dropped onto the opponent’s side and
leaves a total of either two or three stones in that square, these
stones are captured by the player who moved, and removed
from the board. Also, if the next-to-last square in which a stone
was dropped meets the same conditions (on the opponent’s side
and now with two or three stones), its stones are also captured.
This continues backwards until the string of consecutive squares
of two or three on the opponent’s side is broken.

Regardless of whether any captures are made, play alternates
back and forth between the two players.

The object of the game is to be the first player to capture
twenty-four or more stones. That’s half of the forty-eight stones
that are on the board at the beginning of the game.

There are a few special rules to cover some situations that can
come up in the game. It is not legal to capture all the stones on
the opponent’s side of the board, since this would leave the op-
ponent with no moves on his next turn. By the same token,
when your opponent has no stones on his side (because he had
to move his last one to your side on his turn), you have to make
a move that gives him at least one stone to move on his next
turn, if possible. If you cannot make such a move, the game is
over and counted as a draw.

During the course of the game, it’s possible for a square to ac-
cumulate twelve or more stones in it. Moving from such a
square causes stones to be distributed all the way around the
board. When this happens, the square from which the move was
made is skipped over. So, the square moved from is always left
empty.

It takes the computer anywhere from five seconds to about
forty seconds to make a move, depending on the complexity of
the board position. The word THINKING is displayed during
this time, and a period is added to it as each possible move is
evaluated in sequence (seven through twelve).

This program is a little too large to fit into a 4K Color Com-
puter. You will need 16K or more.
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SAMPLE RUN

TR3-31
12 11 10 8 8 7

+ W+ W+ Wt Bt Wt

2 3 4 S &
yau

YOU FIRST? YEC

205

CAPTUPRED
TRI-83 9

vay 90

The program starts off by drawing the playing “board” and asking
who should move first. The operator decides to go first.

=T A ¢

TRS-30
12 11 10 8 8 7

(+ W+ B+ NS NS NS |
+ W+ B+ Q4+ Bo N5 |

1 2 3 4 S 6
Yau

YOUR MOVYE? S

THINKING. ..

CAPTURED
TRS-80 0

Yau o

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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CAPTURED

THINKING. ...

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

PROGRAM LISTING

100 REM: WARI — 16K
110 REMD (C) 1981, TOM RUGE A&ND FHIL
FELDMAN
120 CLEAR 2003Q=141P=133F=003D=12
130 DIM T(Q),Y(Q),H(u) VA LECS) L BOQD
140 GOSUER 735
150 FOR J=1 TO DIBC) =4 INEXTIE(P)=0B(Q)=0
155 GOSUER 1200:G05UER 900
14D GOSUE SP0IINFUT"YOU FIRSTYIRY
170 COSUR PP0IFRINT DEIRE=LEFTH (RS, 1)
=YY THEN 25
OGUE 1050FRINT DS3D$3DG3 C0SUE L0550
190 PRINTUTHINKING" $ $GOSUE 510
sIF M1 THEN 2000
200 GOSUR 10S0FRINT D3 1GOGUE 1050
FPRINT"MY MOVE IS"iM
210 FOR J=1 TO Q:ITCD=E0D INEXTIGOSUE 3340
220 FOR J=1 TO QIBECD=TCD INEXTIGOSUE 900
230 IF BOQ)<24 THEN 250
240 GOSUE 1050 IPRINT"T WIN!"IDHIGATO 810




WARI

™
&
=

260
270
280
290
310
320
330
340
350
360
370
380

390
400
410
420
430
440
450
4460
470
480

4940

S00
910
520
530
540
S50

960

G570
I80

G590
600
610
620
630
640

207

GOSUE 990IFRINT D$ID$IGOSUER 9901 INFUT
"YOUR MOVE"iR$

M=INT (VAL (R$))ITF Mxé6 OR M<1 THEN 330
FOR J=1 TO QT =RE0J) INEXT

GOSUE 350:IF M<0 THEN 330

FOR J=1 TO QIBC(D)=T(J) INEXT

GOSUER 200:TF E(F)<24 THEN 190

GOSUE 1050:FPRINT"YOU WIN!";D$:GOTO 810
FRINTR398, "ILLEGAL": ISOUND 8,8

FOR J=1 TO 2000:NEXT:GOTO 250

IF T(M)=0 THEN M=-1IRETURN

Re="H"IIF Mxé6 THEN R$="C"I1G0OTO 380
FOR J=1 TO QY (D) =TI INEXTIGOTO 400
FOR J=1 TO 63Y(D=T{J+EIIY(J+E6)=T (D)
SNEXT

YF)=T(RIIY(RI=T(F) IM=M-6
C=MIN=Y(C)IFOR J=1 TO NIC=C+1

IF C=F THEN C=1

IF C=M THEN C=C+1:1G0T0O 410
Y(C)=Y(CI+LIINEXTIY(M)=02L=C

IF L<7 OR Y(L)Y=3 OR Y(L)<Z THEN 460
YOPY=Y(FY+Y (L)Y (L)=0L=L-13C0TO 440
S=01F0R J=7 TO DIS=G+Y(J) INEXT

IF 8=0 THEN M=-21RETURN

IF R&="H" THEN FOR J=1 TO QiT(H=Y{D)
INEXTIRETURN

FOR J=1 TO 63T =Y{J+E) 1TII+EI=Y (J)
TNEXT

TCR=Y(FIITRY)=Y{(Q) IRETURN

FOR A=1 TO &6iM=A+6

IF B(MY=0 THEN E{(A)=-FI1GOTO 690

FOR J=1 TO QT =E(J) INEXTIGOSUE 3350
IF M<0 THEN E(A)=-FIGOTO 690

IF T(Q)Y=*23 THEN M=A+6IRETURN

FOR J=1 TO Q3IW(D=T(J) INEXT

$FOR K=1 TO &

IF TOO=0 THEN VO=FIGOTO 470

FOR J=1 TO QITCD=ROJ) INEXT M=K
IGOBUE 350

IF M<0 THEN V(O =FIG0TO 670
FA=03FE=,05FC=0FD=03FOR J=7 TO D
FE=FE+T (D ITF T =0 THEN Fa=FA+]l

IF T3 THEN FC=FC+1

IF T =FD THEN FD=T(J)
NEXTIFE=FEIFOR J=1 TO 6IFE=FE+T{J) INEXT
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00 FA=FA 4 FD=1-FD/AFRIFC=1-FC/6IFE=FE/FE

A0 VKDY=, 3 FARFE) +, 2 (FC+FDI+T QY +B ()
=B CRY-T P

H70 MEXTIE(AY=FIFOR J=1 TO &

A7 TF QO CECA)Y THEN Eda)=U0d)

HB0 MNEXT

HF0 PRINTY "3 INEXTIM=0IFa=-FIFOR J=1 TO é

700 IF ECD=FA THEN Fa=Ed(J) iM=J+é

Zin NEKT'LETURH

FE0 DE=CHREIDIIFOR J=1 TO 4

ZED DE=DEHDEINEXT I AG=CHRE(LZE) SRETURN

810 PRINT"GOOD GAME!'Y

40 TINFUT"WANT TO PLAY AGAIN";R$

250 RE=LEFTHR$, 1IITF Re="Y" THEN 120

840 TF R$HUNY O THEN 840

880 FPRINTEND

oo FOR J=0 TO G

210 PRINI@TSU*J*J,E(lﬁwd);

P20 PRINTEZZ4+3xJ,BOJ+1) 3

Q@30 NEXT

G40 FRINTEIBL,"TRS-380"EQ) 3

2u0 FOR J=0 70 18 STEF 3

2460 FRINTRLI&0+J, A%

QF0 PRINTEZE4A+J, A% INEXT

@80 FRINTE QQ,'YUU" BCF)Y 3 SRETURN

Q@O0 FRINTE284," "JIRETURN

10”U PFRINTRE44G," "] IRETVURN

1 CLSIPRINTELZ,"W A R IV

'””0 FFTJTP/l,"Th ~30"3

1230 FOR J=0 TO 3

1235 PRINTRZE8+3x%J,J+13

1240 PRINTE?S+H3XI, 12U SNEXT

FRINTELLS, "CAPTURED"

PRINTEIZE,VYOUY

FOR Jd=1 TO 19

FRINTRLZ?+J, 8%

PRIYTW]”ifd,ﬁii

pe

NE?T@uuTuuN
PEINTND LEGAL MOVES":GOTO 840

EASY CHANGES

1. Want a faster moving game against an opponent who isn’t
quite such a good player? Insert the following two lines:
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555 GOTO 600

665 E(A) =V(K):GOTO 690

In the standard version of the game, the computer looks at
each of its possible moves and each of your possible replies
when evaluating which move to make. This change causes
the computer to look only at each of its moves, without
bothering to look at any of your possible replies. As a result,
the computer does not play as well, but it takes only a few
seconds to make each move.

If you are curious about what the computer thinks are the
relative merits of each of its possible moves, you can make
this change to find out. Change line 690 so it looks like this:
690 PRINT E(A);:NEXT:M=0:FA= -F:FOR J=1 TO 6
and replace the 448 in line 1050 with 416. This will cause the
program to display its evaluation number for each of its
moves in turn (starting with square seven). It will select the
largest number of the six. A negative value means that it will
lose stones if that move is made, assuming that you make
the best reply you can. A value of negative 50 indicates an il-
legal move. A positive value greater than one means that a
capture can be made by the computer, which will come out
ahead after your best reply.

MAIN ROUTINES

120- 155
160- 180
190- 220

Initializes variables. Displays board.

Asks who goes first. Evaluates answer.

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- 290 Gets operator’s move. Checks for legality. Displays
new board position.

310- 320 Determines if operator’s move resulted in a win.

330 Displays message if illegal move attempted.

350- 500 Subroutine to make move M in T array.

360- 390 Copies T array into Y array (inverts if computer is
making the move).

400- 430 Makes move in Y array.

440- 450 Checks for captures. Removes stones. Checks

previous square.



210

460- 470
480- 500
510- 710
750- 760

810- 880
900- 980

990

1050

1200-1310

2000
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Sees if opponent is left with a legal move.

Copies Y array back into T array.

Subroutine to determine computer’s move.
Subroutine to create graphics strings for board
display.

Displays ending message. Asks about playing again.
Subroutine to display stones on board and captured,
and “cross-bars” of board squares.

Subroutine to move cursor to “YOUR MOVE?” posi-
tion on screen.

Subroutine to move cursor to “MY MOVE” position
on screen.

Subroutine to display Wari board (without stones),
titles, and square numbers.

Displays message when computer has no legal move.

MAIN VARIABLES

JK
Q,P,F,.D
T,Y,W
\Y%

E

B

FB

Subscript variables.

Constant values of 14, 13, 50 and 12, respectively.
Arrays with temporary copies of the Wari board.
Array with evaluation values of operator’s six possi-
ble replies to computer’s move being considered.
Array with evaluation values of computer’s six
possible moves.

Array containing Wari board. Thirteenth element
has stones captured by operator. Fourteenth has
computer’s.

Operator’s reply. Also used as switch to indicate
whose move it is (C for computer, H for human).
Move being made (1-6 for operator, 7-12 for com-
puter). Set negative if illegal.

Subscript used in dropping stones around board.
Last square in which a stone was dropped.

Stones on opponent’s side of the board after a move.
Subscript used to indicate which of the six possible
computer moves is currently being evaluated.

First evaluation factor used in determining favora-
bility of board position after a move (indicates com-
puter’s number of occupied squares).

Second evaluation factor (total stones on computer’s
side of the board).
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FC
FD

FE
AS$

D$

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.

String of graphics color used to display the Wari
board.

String of 16 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. Insert a
line 300 to add one to a counter of the number of moves
made. To make the change, keep track of the move number
of the last capture, and compare the difference between it
and the current move number with 30.

Modify the evaluation function used by the computer
strategy to see if you can improve the quality of its play.
Lines 600 through 660 examine the position of the board
after the move that is being considered. Experiment with the
factors and/or the weighting values, or add a new factor of
your own.

Change the program so it can allow two people to play
against each other, instead of just a person against the
computer.



Section 4

Graphics Display Programs

INTRODUCTION TO GRAPHICS DISPLAY PROGRAMS

The TRS-80 Color Computer is an amazing machine. It has
very useful color graphics capabilities in addition to its other
capacities. Programs in the other sections of this book take ad-
vantage of these graphics to facilitate and “spice up” their
various output. Here we explore their use for sheer fun, amuse-
ment, and diversion.

Ever look through a kaleidoscope and enjoy the symmetric
changing patterns produced? KALEIDO will create such effects
to keep you hypnotized.

Two other programs produce ever changing patterns but with
much different effects. SPARKLE will fascinate you with a
changing shimmering collage. SQUARES uses geometric shapes
to obtain its pleasing displays.

WALLOONS demonstrates a totally different aspect of the
computer. This program will keep you entertained with an ex-
ample of computer animation.



KALEIDO

PURPOSE

If you have ever played with a kaleidoscope, you were prob-
ably fascinated by the endless symmetrical patterns you saw dis-
played. This program creates a series of kaleidoscope-like
designs, with each one overlaying the previous one.

HOW TO USE IT

There is not much to say about how to use this one. Just type
RUN, then sit back and watch. Turning down the lights and
playing a little music is a good way to add to the effect.

Have a few friends bring their Color Computers over (all your
friends do have Color Computers, 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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One of the patterns generated by the KALEIDO program.
PROGRAM LISTING

100
110

120
130
140
150
140
170
180
190
200
210
230
240

250
240
270
280
290

REM: KALEIDO
REMS (L) 1981,
FELDMAN

CLEAR 20 0 GOSUE
F=239 D=

Lj:::’?:"}:: Vil :::f: J

FOR J=0 TO S1a$=
A=A +OHRE L
Fedp ¢ )=
DD
P=0i0=92TF D0
FOR * ”3 a STER D
FOR TO Q STEF D
FRINTEA+ XWX R (KD §
FRINTEA W+ IXL , KB CHD) |
FRINTEA+IRW-KXL , RECKD) 3
FRINTEACHXH~Jxl , RED 3
FRIMTEA-IRWHEX]L T K3
FRINTEA-HxW+ DL, RECK) §
FRINTEA~JKW-FX] , RE () 2

MU IFOR

R S MEXT

W 14

TOM RUGGE

THEN Q=0

AND FHIL

4002CLEC0)D

K=1 TO W

RNDOMIY®LA+L27 ) PNEXT

$P=g
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300 FRINTEA-HXW-JXL , RE(H) 3

310 NEXTIMEXT

320 GOTO 140

400 CLS

410 PRINT"xx KALEIDO xx"

420 FRINT

430 FRINT"FRESS A KEY TO STaARTY
440 A$=INKEY$IJ=RND(2)

450 TIF A$="" THEN 440

4460 RETURN

EASY CHANGES

1.

To clear the screen before the next pattern about 20% of the
time (chosen at random), insert this:

185 IF RND (100) < =20 THEN CLS(0)

For 50%, use 50 instead of 20, etc.
To randomly select either a wide or narrow pattern, insert:

315 W=RND(2)
To always get a narrow pattern, use this instead:
145 W=1
To randomly change the size of the patterns, insert:
187 S=RND (5)+2
To cause only the outward patterns to be displayed, change
line 190 to say

190 D=1
To cause only inward patterns, change it to say
190 D= -1

To alter the number of graphics colors used in the pattern,
insert:
316 M=RND(7) + 1
To lengthen the delay after each pattern is drawn, insert this
line:
317 FOR J=1 TO 3000:NEXT

Use a number larger than 3000 to increase the length of the
delay even more.

Note: These changes add a lot to the appeal of the designs. Ex-
periment! Each change can be done by itself or in combination
with other changes.
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MAIN ROUTINES

120-150
160-180

190
200-310
320
400-460

Housekeeping. Initializes variables, RND.

Picks S + 1 random graphics colors, each W charac-
ters wide.

Reverses direction of display (inward-outward).
Displays a full screen of the pattern.

Goes back to create next pattern.

Subroutine to display title and initialize RND.

MAIN VARIABLES

2rvwg op

R$
J,K
P,Q

A%

Pointer to center of design.

Direction in which design is drawn (1 =outward,
— 1 =inward).

Width of each graphics string.

Size of one-quarter of the pattern.

Length of one line on the screen (32).

Multiplier used to determine the range of random
graphics colors.

Array for the S random graphics strings.

Subscript variables.

Inner and outer bounds of design (distance from
center).

Temporary string variable used to build graphics
strings.



SPARKLE

PURPOSE

This graphics display program provides a continuous series of
hypnotic patterns, some of which seem to sparkle at you while
they are created. Two types of patterns are used. The first is a
set of colored concentric diamond shapes in the center of the
screen. Although the pattern is somewhat regular, the sequence
in which it is created is random, which results in the “sparkle”
effect.

The second type of pattern starts about two seconds after the
first has finished. It is a series of “sweeps” across the screen —
left to right and top to bottom. Each sweep uses a random
graphics color that is spaced equally across the screen. The spac-
ing distance is chosen at random for each sweep. Also, the
number of sweeps to be made is chosen at random each time in
the range from 11 to 30.

After the second type of pattern is complete, the program
goes back to the first type, which begins to overlay the second

type.

HOW TO USE IT

Confused by what you just read? Never mind. You have to
see it to appreciate it. Just enter the program into your Color
Computer, then sit back and watch the results of your labor.
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SAMPLE RUN

One of the patterns generated by the SPARKLE program.

PROGRAM LISTING

100 REM! SPARKLE

110 REMD (C) 1281, TOM RUGG AND FHIL
FELDMAN

120 CLE&R Z00IG05UE 925016=1

130 DIM A(S) B8 IX=064+81Y=0

140 T=RND{&)

180 FOR J=0 TO S3a6dd)=JiBCD=JINEXT

140 FOR J=0 T0O SIR=RND(S+1)-1

170 HW=AC A =ALR)) TACR)=WINEXT

180 FOR J=0 TO SIR=RND{(S5+1)-1

180 WeBE ) SR =R IRY TBIR) =WINEXT

200 FOR J=0 TO SIFOR K=0 TD &

210 R=a FAW+T

220 TIF CH8 THEN C=C-BIGOTO 220

240 SETOX+HR4AR, Y+R, 0D

SOSETOXHRAR+L Y+, 0)

SETOXHRAR Y -H, )

DOGETOXARAR+L YW, 0

SBET(X-R-FR, YW, 0)

3OSETOX-R-R+1,Y-W,0)

GET(X-R-R,Y+H, )

[ 4
-~

"
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275 SET(X~R-R+1,Y+W,C)

280 SETOGHWHW, Y+R,0)

285 SET(X+W+W+1,Y+R, )

290 SET(X+W+HW,Y~R,0)

290 SET(X+W+R+1L,Y-R,0)

300 SETIX~W-W,Y~-R,(C)

305 SETIX-W-W+1,Y-R,00

310 SET(X-W-H,Y+R,()

31 SET(X-W-W+1,Y+R,0C)

320 NEXT HINEXT J

350 FOR J=1 TO 2000 INEXT

400 M=83IN=RND(Z20)+10

410 FOR J=1 TO N

420 R=RND(18) W=RND(M)

450 FOR L=Y-5 TO Y+&% S5TEF INT{(R/4)+2
440 FOR K=X-5-5 TO X+85+5 STEF R
470 SET(H,L W)

480 NEXT MINEXT LINEXT J

4920 GOTO 140

?n0 CLS

@60 PRINT"xx SFARKLE xx"

@70 FRINT

@80 FRINT"FRESS A KEY TO 8TaRT"
@0 AE=TNKEY$:J=RND(2)

1000 TF #A%="" THEN 990

1010 CLSCD) TRETURN

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 increas-
ing 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 sec-
ond type of pattern by changing the 10 at the right end of
line 400 into a 30 or a 50, for example. Decrease the number
of sweeps by changing the 10 to a 1, and also changing the
20 in line 400 to 5 or 10.



222

TRS-80 Color Programs

4. Watch the effect on the second type of pattern if you change
the 18 in line 420 into various integer values between 2

and 60.

5. Change the value of M in line 400 to alter the graphics colors
used in the second type of pattern. For example, try

M=4

Be sure M is an integer from 2 to 8.

MAIN ROUTINES

120- 130
140- 320
150- 190

200- 320
350
400- 480

950-1010

Initializes variables.

Displays first type of pattern.

Shuffles the numbers 0 through 15 in the A and B
arrays.

Displays graphics colors on the screen.

Delays for about 2 seconds.

Overlays the entire screen with a random graphics
color spaced at a fixed interval chosen at random.
Displays title, initializes RND, clears screen.

MAIN VARIABLES

S
R
A,B

X, Y

A$

Size of the first type of pattern,

Random integer. Also, work variable.

Arrays in which shuffled integers from 0 to 15 are
stored for use in making first type of pattern.
Coordinates of center of screen (30 across, 15
down).

Integer from 1 to 8, used in creating random
graphics colors.

Work and loop variables.

Work variable.

Graphics color to be displayed on screen at X,Y.
Number of repetitions of second type of pattern.
Multiplier used in getting a random color for the sec-
ond type of pattern.

Input key to start the display.

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.



SQUARES

PURPOSE

This is another graphics-display program. It draws a series of
concentric squares with the graphics color used for each one
chosen at random. After a full set of concentric squares is
drawn, the next set starts again at the center and overlays the
previous one. They are actually rectangles, not squares, but let’s
not be nit-pickers.

HOW TO USE IT

As with most of the other graphics display programs, you just
sit back and enjoy watching this one once you get it started.
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SAMPLE RUN

One of the patterns generated by the SQUARES program.

PROGRAM LISTING

100 REM! SQUARES

110 REME (0) 1981, TOM RUGGE AND FHIL
FELDMAN

120 CLEAR 200

130 GOSUE 300

140 N=1iL=272

150 C=127+146xRND (8 I0E=0HR$ (T

170 FOR J=1 TO NIFRINT@L,C$;

175 PRINTELAL,C$; th=l+]

180 L=L+LiNEXTIN=N+1

190 FOR J=1 TO NIFRINTEL,.C%}

195 PRINTEL+1,0C%3

200 L=L-32INEXTIiL=L+31

210 FOR J=1 TO NIFRINTEL,C%:

215 PRINTRL-1,0%3L=L-1

220 L=L-1INEXTIL=L+33

230 N=N-1

240 FOR J=1 TO NIFRINT@L,C%;

245 PRINTEL+1,0%3

250 L=L+32INEXTIN=N+2Z



SQUARES 225

260
270
280
300
310
320
330
340
350
360

IF NI THEN 150

FOR J=1 TO 1000 3NEXT

GOTO 140

CLS

FRINT"xx SQUARES xx"
FRINTIFRINT

FRINT"FRESS A KEY TO START"
TF LENCINKEY$)Y<=0 THEN 360
JERNDOZ2YIG0TO 340

CLSCO) SRETURN

EASY CHANGES

1. Change the delay after each set of patterns by changing the
1000 in line 270. A bigger number causes a longer delay.

2. To occasionally blank out the screen (about 20% of the
time), insert this:

275 IF RND(100) < =20 THEN CLS(0)

MAIN ROUTINES

130 Displays title and initializes RND function.

140 Initializes counters for the pattern. Points to the
center of the screen.

150 Picks a graphics color and creates a string of it.

170-180  Draws the bottom side of the square.
190-200  Draws the right side.

210-230  Draws the top side.

240-250  Draws the left side.

260
270
280

Tests if the outermost square has been drawn.
Delays about one second.
Goes back to start at the center again.

300-360  Subroutine to display title and set RND.

MAIN VARIABLES

N
L

C

C$

Length of the side currently being drawn.

Location on the screen where colors are currently
being displayed.

Numeric equivalent of the random graphics color
chosen.

String representation of the random graphics color.
Loop variable.
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PURPOSE

The TRS-80 Color Computer is quite a versatile machine.
This program takes advantage of its powerful graphics capabil-
ity to produce computer animation. That’s right, animation!
WALLOONS will entertain you with a presentation from the
Color Circus.

The Color Circus searches the world over to bring you the
best in circus acts and other performing artists. Today, direct
from their performance before the uncrowned heads of Europe,
the Circus brings you the Flying Walloons.

HOW TO USE IT

Just sit back, relax, and get ready to enjoy the show. (Don’t
forget to turn on the sound on your TV set.) Type RUN and the
Flying Walloons will be ready to perform. You have a front row
center seat and the show is about to begin.

Applause might be appropriate if you enjoy their perfor-
mance. Please note that the Walloons have been working on a
big new finish to their act which they haven’t yet quite
perfected.
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SAMPLE RUN

cOLaOrR CIRCUS

PROUDLY

PRESENTS

The billboard announces a new presentation of the (in)famous Color
Circus.

HaLLOONKS

“The Flying Walloons” are to perform!
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The Walloons attempt a dangerous trick from their repertoire.

PROGRAM LISTING

100 REME HALLOONS ~ 14K

40 REMD (O 1981, PHIL FELDMAN AND TOM
R Ul’" [3

150 CL 200

200 © l ( U ) d OR J=1 TO S

210 GOUND Z00,23iMEXT

220 CLS(0YiGOSUE Z100:G08UE 2000

230 LS °{ﬂ R 2400

300 €

210 €

370

340

aA50

3460

a70

TD lﬂﬂﬂih
BOA40000LS
NTEZ34,"F I N I 8"
fmd TD 2000 3INMEXT
a8n TRIHT FRINT
2P0 END
2000 FUH J=d TOF
2010 CLECD ISOUND Jx30,4INEXT
2020 FNF Ju& TO 0 STER ~13CLS0DD
2030 S0OUND meﬂél,ﬂeﬂl‘T
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2040
2100
2110
2120
2130
2140
2150
2160
2200
2210
2220
2230
2240
2250
2260
2270
2280
2300
2310
2320
2330
2400
2410
2420
2450
2440
2470
2480
2490
2500
2510

2520

2530
2540
2550
2560
2570
2580
2590
2600
2610
2790
2800
2900
2910
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FOR J=1 TO 3003NEXT3RETURN
T$=CHR$ (143) $G=""

FOR J=1 TO 223G$=G$+T$INEXT
FOR J=69 TO 389 STEF 32
FRINT@J,G% 3 $NEXT
FRINT@138,"COLOR CIRCUS"}
FRINT@236,"FROUDLY"
FRINT@332, "PRESENTS"

FOR K=1 TO 3iFOR J=36 TO 59
GOSUE 2900 INEXT

FOR J=91 TO 443 STEF 32
GOSUE 2900 $NEXT

FOR J=442 TO 420 STEF -1
GOSUE 2900 INEXT

FOR J=388 TO 68 STEF -32
GOSUE 2900 $NEXT$NEXT

FOR J=1 TO 2000 3NEXT

FOR J=0 TO 7
FRINTRJ+236,"~"}

FOR K=1 TO 4003NEXT3NEXT
FOR J=1 TO 10003NEXT:RETURN
T$="T H E"

G$="F L. Y I N G"

E$="W A L L N §"

FOR J=122 TO 97 STEF -1
FRINT@J, T$:GOSUE 2800 NEXT
FOR J=244 TO 229 STEF -1
FRINT@J,G%$GOSUE 2800 $NEXT
FOR J=368 TO 361 STEF -1
FRINT@J,E$GOSUE 2800 $NEXT
FOR J=1 TO 7003NEXT
T$=CHR$ (32)

FOR J=17 TO 337 STEF 32
FRINT@J, " 0"} $GOSUE 2790
FRINT@J,T$3 INEXT
FRINT@369,"0"

FOR J=19 TO 339 STEF 32
FRINT@J, 0"} tGOSUE 2790
PRINT@J, T$$ INEXT
FRINT@371,"0"}

RETURN

SOUND S, 13RETURN

FOR K=1 TO 203$NEXT$RETURN
C=C+1$IF C=8 THEN C=0
PRINT@J, CHR$ (143+16XC) }
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2920
3000
3010
3100
3110
3120
3130
3140
3150
31460
3170
3180
3190
3200
3210
3220
3230
3240
3250
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4200
4210
4220
4230
4240
4250
4260
4270
4300
4310

RETURN

READ J,KITF J=0 THEN RETURN
SOUND J,KIGOTO 3000

DATA 108,4

DATA 108,4,147,4,159,4
DATA 170,8,170,2,170,2
DATA 176,4,125,4,125,4
DATA 159,8,108,4

DATA 108,4,140,4,147,4
DATA 159,4,170,4,159,4
DATA 159,4,147,4,125,4
DATA 108,8,108,4

DATA 108,4,147,4,159,4
DATA 170,4,170,4,170,4
DATA 176,4,125,4,125,4
DATA 159,8,108,2,108,2
DATA 108,4,140,4,147,4
DATA 159,4,170,4,159,4
DATA 147,12,0,0
W=3541CLSC0) (GOSUR 7600
GOSUE 79200:W=52IC0SUE 7600
FRINT@181,U$;iFOR J=1 TO 90
NEXT:GOSUE 3000

FOR W=354 TO 98 STEF -32
GOSUE &S00 INEXT

FOR W=99 TO 104:GOSUE 6500
NEXT

FOR W=136 TO 2464 STEF 32
GOSUE &S00 INEXT
W=59ICLS(0)IGOSUR 7600
FRINT@181,U$; IW=HWL

GOSUE 7600:GOSUE 7800
SET(19,28,C)FOR J=1 TO 3
SOUND 200, 2NEXT

FOR K=1 TO 7003INEXT

FOR W=59 TO 58 STEF -1
GOSUE 6500 INEXT

{=25IFOR W=57 TO 31 STEF -1
GOSUE 7600:FOR J=1 TO K
NEXT:K=KxZ:GCOSUE 7700 INEXT
FOR W=52 TO S4:G08UE 6500
NEXTIW=55GOSUE 7600

FOR J=1 TO 1000 3NEXT

FOR J=1 TO 2
SET(13,23,C)I8ET(20,23,0)
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4220
4330
4340
4350
4340
4370
4400
4410
4420
4500
4510
4520
4530
4540
4550
45460
43570
4580
4590
4400
44610
44620
44630
44540
4700
4710
4720
4730
4800
4810
4820
4830
4840
4850
484610
4870
4880
AHG00
46510
7000
7010
7020
7030
7040
7050
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FOR K=1 TO 150 ¢NEXT

RESET (13,23 IRESET(20,23)
FOR K=1 TO 1903NEXTINEXT
FRINTERES, CHR$(191)

SOUND 2,15

FOR K=1 TO 1500 3¢NEXT

FOR W=35 TO 51 STEP -1
GOSUE 76003F0R K=1 TO 200
NEXTIGOSUE 7700 $NEXT

FOR J=1 TO 4

FOR W=50 TO 274 STEP 32
GOSUE 6500 8NEXT
We=WRICLS (D) tGOSUR 7600
GOSUE 79200:8ET(34,28,0)
SOUND 2001

FOR W=2464 TO 40 STEF -32
GOSUR 6500 INEXT

FOR W=72 TO 264 STEF 32
GOSUE 46500 INEXT

WaWL 2 CLE(0) IGOSUE 7600
GOSUE 7800:SET(19,28,0)
SOUND 200,1

FOR W=274 TO 82 STEF ~32
GOSUE &S00 3INEXTINEXT

FOR W=050 TO 54

GOSUE 6500 3INEXT

FOR W=84& TO 278 STEF 32
GOSUE &S00 3INEXT
WaliZIFRINTEH, W14
FRINTRW-34,D3%3
FRINTEW-6G,D2% 3
FRINTEW-98,D1%;

FOR K=1 TO 1003INEXT
FRINTEW, CHR$(121) 3

SOUND 2,15

FOR K=1 TOQ 2000 ¢NEXT
RETURN

GOSUE 7600FOR K=1 TO 235
NEXTIGOSUE 7700 $RETURN
JELAK(C-1) THL$=CHR$ (143+J)
W2$=CHRS (132+J) +CHR$ (141 +0)
Te=CHR$C1434+0) 1US=CHR$ (1 42+d)
Fé=CHRE (136+J)
WZS=W2E+TE+UE+F
Te=CHRE(135+J)
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7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7140
7170
7200
7210
7220
7230
7240
7250
7260
7270
7300
7310
7320
7400
7500
7510
7600
7410
74620
74630
7700
7710
7720
7730
7800
7810
7820
7830
7840
7900
7910
7920
7930
7940

Us=CHR$(140+J)
Fé=CHRS(139+J) W3E=TH+US+F$
Le=CHR$ (136+J)
E$=CHRS$ (128) IN$=CHR$ (132+.)
WAG=Th+L $+ES+NE+F$
Ed=Ed+BES+ES+ESHES

L$=CHR$ (131+J)

Us=CHR$ (140+J)
F$=CHR${(143+J)

ME=Us+Us+US
Nb=L$+LS+FS+US+US
Re=Us+Ubs+FS+L b+ %
K=141+JiL=130+J
D1$=CHR$ (K +CHR$ (L) +E$
D1$=D16+CHRS (L-1)+CHR$ (K+1)
D2%=CHR$ (K)+CHR$ {L.+1)
D2%=D2%+CHR$ (K+1)

D3$=CHR$ (L-1)+CHR$ (L+35)
D3%=D3%+CHRS (K+2)
D3%=D3%+CHRS (K-2) +CHR® (L)
JELEXK(CF-1) 1 Td=CHR$ (143+J)
Fé=CHR$(140+J)
Lb=Fe+Fe+FeIUE=LS+L$+L %
RETURN

FRINTEF,T63 SFRINTRF+31,L.$3
RETURN

FRINTEW, W14
FRINTEW+30,W2% 3
FRINTEW+63, W3% 3
FRINTEW+94, W44 3 IRETURN
FRINT@W, E$$

FRINTEW+30,E%3
FRINTOW+LZ,ES ]
FRINTRW+94,E%3 RETURN
FRINTELD,M%$}
FRINT@LD-30,N% 3
FRINT@LD-58,N% 3
FRINTRLD-86,N%;

GOSUE 7500 :RETURN
FRINTRLU,R%$}
FRINTELU+36,R$
FRINTRLU+72,R%;
FRINTELU+108,M%;

GOSUE 7500 ¢RETURN

233
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EASY CHANGES

1. If you wish to have the Walloons perform more (or less)
jumps during their performance, change the loop bound
value of 4 in line 4500 accordingly. To get six jumps, use

4500 FOR J=1TO 6

2. The color of the Walloons and their performing lever is con-
trolled by the variable C set in line 300. Try the effect of
making C any of the integers from 1 through 8. (However,
C=4 should be avoided as this conflicts with one of the
special effects.) Your Basic manual indicates which colors
correspond to which integers. To get orange Walloons, for
example, change line 300 to

300 C=8

3. In a similar manner to that above, the color of the fulcrum
and entrance platform is controlled by the variable CF set in
line 310. To get a green fulcrum, change line 310 to

310 CF=1

4. The speed of the Walloon’s movement is controlled by the
delay constant in line 6500. This constant is currently set to
25. To make the Walloons move faster, try changing line
6500 to

6500 GOSUB 7600:FOR K=1TO §
To have them move slower, try
6500 GOSUB 7600:FOR K=1 TO 50

5. 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, “COLOR CIRCUS” in line 2140 to
something else. However, you cannot use a string with a
length of much more than 16 characters or it will print
beyond the end of the placard. To say, for example, that
Simon Fenster presents the Walloons, change line 2140 to:

2140 PRINT@138, “SIMON FENSTER”;

MAIN ROUTINES

200- 390 Main routine —drives Walloon’s performance.
2000-2040 Subroutine to flash screen.
2100-2330 Subroutine to display placard.
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2400-2610
2790-2920
3000-3250
4000-4880
6500-6510
7000-7400
7500-7510
7600-7630
7700-7730
7800-7940

Subroutine to announce the performers.
Utility subroutines.

Subroutine to play circus tune.
Subroutine for Walloon’s performance.
Utility subroutine.

Subroutine to set graphics strings.
Subroutine to draw fulcrum.
Subroutine to draw Walloon.
Subroutine to erase Walloon.
Subroutine to draw lever.

MAIN VARIABLES

A$-7Z3

C

CF

F
LU,LD
WL,WR
A\
J,K,L

Various graphics strings.

Color of Walloons and lever.
Color of fulcrum and platform.
Location of fulcrum.

Lever locations.

Walloon locations on lever.
Location of Walloon’s head.
Loop indices and work variables.

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:

4625 IF J =4 THEN 4650

4650 FOR W =273 TO 9 STEP —-33
4655 GOSUB 6500:NEXT

4660 FOR W =40 TO 232 STEP 32
4665 GOSUB 6500:NEXT

4670 W =264:GOSUB 7600

4675 PRINT@WL,CHR$(127 + C*16);
4680 GOTO 4870

2. If you add some alternate tricks or endings as suggested in
the previous project, try randomizing if and when they will
be done. Thus, the Walloon’s performance will be different
each time the program is run. At least their ending may be
variable.
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3. Scour the world yourself for other acts to include in the
Color Circus. Maybe someday we will have a complete soft-
ware library of performing artists.



Section 5

Mathematics Programs

INTRODUCTION TO MATHEMATICS PROGRAMS

Since their invention, computers have been used to solve
mathematical problems. Their great speed and reliability render
solvable many otherwise difficult (or impossible) calculations.
Several different numerical techniques lend themselves naturally
to computer solution. The following programs explore some of
them. They will be of interest mainly to engineers, students,
mathematicians, statisticians, and others who encounter such
problems in their work.

GRAPH takes advantage of the Color Computer’s graphic
powers to draw the graph of a function Y = f(X). The function
is supplied by you. INTEGRATE calculates the integral, or
“area under the curve,” for any such function.

Experimental scientific work frequently results in data at dis-
crete values of X and Y. CURVE finds a polynomial algebraic
expression to express this data with a formula.

Theoretical scientists (and algebra students) often must find
the solution to a set of simultaneous linear algebraic equations.
SIMEQN does the trick.

Much modern engineering work requires the solution of dif-
ferential equations. DIFFEQN will solve any first-order ordi-
nary differential equation that you provide.

STATS will take a list of data and derive standard statistical
information describing it. In addition, it will sort the data list
into ranking numerical order.
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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 oc-
curs frequently as the result of some experiment, or perhaps
from sampling tabular data in a reference book.

There are many reasons why you might want an analytic for-
mula to express the functional relationship inherent in the data.
Often you will have experimental errors in the Y values. A good
formula expression tends to smooth out these fluctuations.
Perhaps you want to know the value of Y at some X not ob-
tained exactly in the experiment. This may be a point between
known X values (interpolation) or one outside the experimental
range (extrapolation). If you wish to use the data in a computer
program, a good formula is a convenient and efficient way to do
it.

This program fits a curve of the form

Y=Co+CiX'+C X2+ ... +CpXP

to your data. You may select D, the degree (or power) of the
highest term, to be as large as 5. The constant coefficients,
Co-Cp, are the main output of the program. Also calculated is
the goodness of fit, a guide to the accuracy of the fit. You may
fit different degree polynomials to the same data and also ask to
have Y calculated for specific values of X.

The numerical technique involved in the computation is
known as least squares curve fitting. It minimizes the sum of the
squares of the errors. The least squares method reduces the
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problem to a set of simultaneous algebraic equations. Thus
these equations could be solved by the algorithm used in
SIMEQN. In fact, once the proper equations are set up,
CURVE uses the identical subroutine found in SIMEQN to
solve the equations. For more information, the bibliography
contains references to descriptions of the numerical technique.

HOW TO USE IT

The first thing you must do, of course, is enter the data into
the program. This consists of typing in the pairs of numbers.
Each pair represents an X value and its corresponding Y value.
The two numbers (of each pair) are separated by a comma. A
question mark will prompt you for each data pair. After you
have entered them all, type

999,999

to signal the end of the data. When you do this, the program
will respond by indicating how many data pairs have been en-
tered. A maximum of 500 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 5. Also, D must be less
than the number of data pairs.

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 coef-
ficient Co. If D=1, the program will be calculating the best
straight line through the data. This special case is known as
“linear regression.” If D is one less than the number of data
pairs, the program will find an exact fit to the data (barring
round-off and other numerical errors). This is a solution which
passes exactly through each data point.

Once you have entered the desired degree, the program will
begin calculating the results. There may be a slight pause while
this calculation is performed. The time involved depends on the
number of data pairs and the degree selected.

The results are displayed in a table. It gives the values of the
coefficients for each power of X from 0 to D. That is, the values
of Co-Cp, are output. Also shown is the goodness of fit, a
number between 0 and 1. This is a measure of how accurately
the program was able to fit the given case. A value of 1 means
perfect fit, lesser values indicate correspondingly poorer fits. It
is hard to say what value denotes satisfactory fit since much
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depends on the accuracy of data and the purpose at hand. But
as a rule of thumb, anything above 0.95 is quite good. For those
interested, the formula to calculate the goodness of fit is

T (Y- 22

G.F.= -
Y (Y.-Y)y

where Y, are the actual Y data values, Y, are the calculated Y

values (through the polynomial expression), and Y is the mean

value of Y.

To continue the run, hit any key when requested to do so.
Next, you are presented with three options for continuing the
run. These are 1) determining specific points, 2) fitting another
degree, 3) ending the program. Simply type 1, 2, or 3 to make
your selection. A description of each choice now follows.

Option 1 allows you to see the value of Y that the current fit
will produce for a given value of X. In this mode you are contin-
ually prompted to supply any value of X. The program then
shows what the polynomial expression produces as the value for
Y. Input 999 for an X value to leave this mode.

Option 2 allows you to fit another degree polynomial to the
same data. Frequently, you will want to try successively higher
values of D to improve the goodness of fit. Unless round-off er-
rors occur, this will cause the percent goodness of fit to increase.

Option 3 simply terminates the program and with that we will
terminate this explanation of how to use CURVE.

SAMPLE PROBLEM AND RUN

Problem: An art investor is considering the purchase of
Primo’s masterpiece, “Frosted Fantasy.” Since 1940, the paint-
ing has been for sale at auction seven times. Here is the
painting’s sales record from these auctions.

Year Price

1940 $ 8000.
1948 $13000.
1951 $16000.
1956 $20000.
1962 $28000.
1968 $39000.

1975 $53000.
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The painting is going to be sold at auction in 1982. What price
should the investor expect to have to pay to purchase the paint-
ing? If he resold it in 1985, how much profit should he expect to
make?

Solution: The investor will try to get a polynomial function
that expresses the value of the painting as a function of the year.
This is suitable for CURVE. The year will be represented by the
variable X, and the price is shown by the variable Y. To keep
the magnitude of the numbers small, the years will be expressed
as elapsed years since 1900, and the price will be in units of
$1000. (thus a year of 40 represents 1940, a price of 8 represents
$8000.)

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 COMHMA.

WHEN ALL DATA IS ENTERED, TYPE
999 , 999
AFTER THE LAST QUESTION MARK.

THE PROGRAM IS CURRENTLY SET
TO ACCEPT A MAXIMUM OF 500

DATA PAIRS.
X,Y=? 40,8
X,Y=? 48,13
X,Y=? 51,16
X,Y=? 56,20
X,Y=? 62,28
X,¥Y=7? 68,39
X,Y=? 75,53
X,¥Y=? 999,999

7 DATA PAIRS ENTERED

DEGREE OF POLYNOMIAL TO BE
FITTED? 1
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X POWER COEFFICIENT
0 -48.2701204
1 1.28722711

GOODNESS OF FIT= .951214122
HIT ANY KEY TO CONTINUE

(A key is pressed)
CONTINUATION OPTIONS

1) DETERMINE SPECIFIC POINTS

2) FIT ANOTHER DEGREE
3) END PROGRAM
WHAT NEXT? 2

DEGREE OF POLYNOMIAL TO BE
FITTED? 2

X POWER COEFFICIENT
d 38.4753509
1 -1.83492108
2 .027034675

GOODNESS OF FIT= .998971767

243

(continuation options displayed again)

WHAT NEXT? 1
ENTER 999 TO LEAVE THIS MODE

X=? 82
Y= 69.792977



244 TRS-80 Color Programs

(continuatién options displayed again)

WHAT NEXT? 3
0K

Initially, a first degree fit was tried and a goodness fit of
about 0.95 was obtained. The investor wanted to do better, so
he tried a second degree fit next. This had a very high goodness
of fit. He then asked for the extrapolation of his data to the
years 1982 and 1985. He found that he should expect to pay
about $69800 to buy the painting in 1982. Around an $8000
profit could be expected upon resale in 1985.

Of course, the investor did not make his decision solely on the
basis of this program. He used it only as one guide to his deci-
sion. There is never any guarantee that financial data will per-
form in the future as it has done in the past. Though CURVE is
probably as good a way as any, extrapolation of data can never
be a totally reliable process.

PROGRAM LISTING

100 REM: CURVE -~ 16K
110 REMD (C) 1981, PHIL FELDMAN AND TOM
RUGGE

140
150
140
170
200 DIM XIMX), Y {(MX2

210 Q=MD+L1IDIM AR, ,RIQI, V)
220 O=MDX2IDIM FLRD

300 CLEIPRINTY- LEAST SQUARES"S
310 PRINTY CURVE FITTING -"

320 PRINTIFPRINTUENTER A DATA"™:
330 PRINT" PFATR IN RESPONSE

340 FRINT"TO EACH QUESTION";
AT0 PRINTY MARK. EACH"

340 PRINT"FAIR I8 AN X VALUE";
370 PRINT" AND A Y©

380 PRINT"VALUE SEFARATED BY™3
3N PRINT" A COMMA." IFRINT

200
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400
410

830
840

PRINTUHHEN ALl DaTa I8";
FRINT" ENTERED, TYPE"

FRINT EF$","3EF

FRINTYAFTER THE LAST™]
FRINT" QUESTION MAaRE,"
FRINTIFRINTYTHE FROGRAM 15"
FRINTY CURRENTLY SET"
FRINTYTO ACCERT & MAXIMUM"G
FRINT" OF"iMX

FRINT"DATA PATRS,"

FRIMT S =0

MEE I
IF Xoh

TUX, Y= XA, Y ()

" THEN 550

IF Y THEN 550

J=d-116G0TD 600

IF JoMX THEN 5190

FRINT XX NO MORE DATA";

FRINT" ALLOWED xx"

GOSUE 4000

NF=J i FRINT

IF NF:0 THEN 650

FRINT"XX - FATAL ERROR -~ %

FRINT"XX NO DATA ENTERED xx

GOSUE 400038TOF

FRINT NF3"DATA FAIRG"}

FRINT" ENTERED"

FRINT{FRINT"DEGREE OF"}

FRINT" FOLYNOMIAL TO BE"

INFUTYFITTED" }DIFRINT

IF Dr=0 THEN 780

PRINT"¥x ERROR Xx"

FRINT %% DEGREE MUST BE"3

PRINT" == 0 Xx"

BIS S o mEGaT X0
=INT(D){IF D<NF THEN 820

PRINT"mx ERROR *x"

FRINT XX NOT ENOUGH DATA xx"

GOSUE 4000:GOTO 700

DZ=ZXDIIF Du=MD THEN B840

FRINT"xx ERROR XX

PRINT"®x DEGREE TOO HIGH xx"

GOSUE &0003GCTO 700

M=+

FOR J=1 TO DZ2IF =0

FOR K=1 TO NF3Q=1
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G20 FOR L=1 TO JIQ=QxX(K) INEXT
A0 FOD=FO+RINEXT INEXT

Q40 PODY=NPIROLY=01F0R J=1 TO NP
2nn R LYY )Y SMEXT
PEO0 TF M=1 THEM 1020

70 FOR J=2 TO NIRCJI=0
230 FOR H=1 TO0 MPIQ=1
0 FOR L=1 TO J-1

1000 Q=0 (H) INEX

1010 ROJ JOEY (RO ®QTNE
10209 FOR LoT0 MIFOR K
1030 PO+ -2 TNEX
GOSUE 2000

FRINT

FRINT"Y POWER",

0 PRINT"COEFFICIENTY
0 FOR Jd=1 TO N
DPRINTY iA=L,V OdY SNEXT
A T=00F0R J=1 TO NF

Y Oy TNED RN G=0
T MNF

XTINEXT
L T0 N
TINEXT

LZiu
CLuY ENEXT

TO K13

D EI DS SO SENDES D

S Y () MY RCY () —M) ENE
=0 THEN T=13iG0TO 1260

14400

1410

FOINTS"
AMOTHER" §

FROGRAM"
”;U
THEN END
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1500 IF Q<
1600 PRINTIPRS
1610 ERINT'TO LEAVE THIS MODE"
1620 PRINTIINPUT X=XV
1630 IF XV=EF THEN 1400
1640 YV=U(L)$IF N=1 THEN 1680
1650 FOR K=2 TO N_
1660 Q=13F0R L=1 TO K~130=0%xXV
14670 NEXT$YV=YU+U (K) KO 3INEXT
1680 FRINT"Y="$YVIGOTO 1620
2000 IF N¥1 THEN 2020
2010 V(1d=R{1D/AC1, 1) IRETURN
2020 FOR K=1 TO N-13I=H+]
2030 L=K
2040 Q=AES(ACT, K ) ~ABS (AL, K
2050 IF Q30 THEN L=I
2060 TF TN THEN I=I+13G0T0 2040
2070 TF L=K THEN 2110
2090 FOR J=K TO NIQ=ACK,d)

A DI =ALd) SACL, I =RINEXT
SR =RIL)Y R =0

TIH:'N 1 00

DRI TATT,HD) =0

TG N

(0 Qs (K, ) SMNEXT
(T YR CH
TF I THEM X
NEYT

VMY =ROMY S O, MO

g FOR TX=M-1 TO 1 STEF -1

23 ’0 0 Q=02F0R J=T+1 TO N

? 210 T, DRV

4 RO - AR Ty TNEXT
’ ) : RETURM

H00D0 SOUMD 2, 8IRETURN

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:

I+L360TO 2120

o
5}.‘{;

160 EF =10101
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2. A 16K machine, required to run this program, will allow

you to use higher degree fits. To achieve up to tenth degree
fits, set the value of MD appropriately:

170 MD =10

However, it must be stressed that it can be unreliable to at-
tempt high degree fits. Unless your data is well behaved (X
and Y values close to 1), the program will often not produce
accurate results if D is greater than S or so. This is because
sums of powers of X and Y are calculated up to powers of
2*D. These various sums are several orders of magnitude
different from each other. Errors result because of the
numerous truncation and round-off operations involved in
doing arithmetic with them. A practical limit for MD is 7.

MAIN ROUTINES

140- 170
200- 220
300- 490
500- 660
700- 860

900-1040
1100-1310
1400-1500
1600-1680
2000-2230

6000

Initializes constants.

Dimensions arrays.

Displays introductory messages.

Gets X-Y input data from the user.

Gets degree of polynomial from the user, determines
if it is acceptable.

Sets up equations for the simultaneous equation
solver and calls it.

Calculates goodness of fit, displays all results.

Gets user’s continuation option and branches to it.
Determines Y value corresponding to any X value.
Subroutine to solve simultaneous linear algebraic
equations.

Sound generating subroutine.

MAIN VARIABLES

MX Maximum number of data pairs allowed.

MD Maximum degree allowed to fit.

EF Ending flag value for data input and X point mode.
X, Y Arrays of X and Y data points.

NP Number of data pairs entered.

D Degree of polynomial to fit.

D2 2*D, the maximum power sum to compute.

N D + 1, number of simultaneous equations to solve.
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A,R,V Arrays for simultaneous linear equation solver.

Array for holding sums of various powers of X.

ILJ,LK,L Loop indices.
Q,G,Z,K1 Work variables.

M
T
XV
YV

Qs

Mean value of Y.

Goodness of fit.

Specific X point to calculate Y for.
Y value corresponding to XV.
User input string.

SUGGESTED PROJECTS

1.

No provision for modifying the data is incorporated into the
program. Often it would be nice to add, subtract, or modify
parts of the data after some results are seen. Build in a capa-
bility to do this.

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.

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.)

Often you wish to try successively higher degree poly-
nomials until a certain minimum goodness of fit is obtained.
Modify the program to accept a minimally satisfactory
goodness of fit from the user. Then have the program
automatically try various polynomial fits until it finds the
lowest degree fit, if any, with a satisfactory goodness of fit.
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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 engi-
neering problems.

For many such equations, a closed form (or exact analytical
expression) solution can be obtained. However, for just as
many, no such “simple” solution exists. The equation must then
be solved numerically, usually by a computer program such as
this.

There are many types and classes of differential equations.
This program solves those of a simple type; namely, first order,
ordinary differential equations. This means the equation to be
solved can be written in the form

g—=(any function of X,Y)

dXx
Here, X is the independent variable and Y is the dependent vari-
able. The equation expresses the derivative (or rate of change)
of Y with respect to X. The right-hand-side is an expression
which may involve X and/or Y.

To use the program, you must supply it with the differential
equation to be solved. The procedure to do this is explained in
the “How To Use It” section.

A technique known as the “fourth-order, Runge-Kutta”
method is used to solve the equation. Space limitations prevent
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any detailed explanation of it here. However, it is discussed well
in the numerical analysis books referenced in the bibliography.

HOW TO USE IT

The first thing you must do is enter the differential equation
into the program. This must be done at line 3000. Currently this
line contains a REM statement which you must replace. The
form of line 3000 should be:

3000 D = (your function of X,Y)

D represents dY/dX. GOSUBs are made to line 3000 with X and
Y set to their current values. Thus, when each RETURN is
made, D will be set to the appropriate value of dY/dX for that
given X and Y. If necessary, you may use the lines between 3000
and 3999 to complete the definition of D. Line 3999 already
contains a RETURN statement so you do not need to add
another one.

The program begins by warning you that you should have al-
ready entered the equation at line 3000. You acknowledge that
this has been done by hitting the C key to continue.

Now the various initial conditions are input. You are
prompted for them one at a time. They consist of: the initial
values of X and Y, the stepsize interval in X at which to display
the output, and the final value of X.

With the input phase completed, the program initializes
things to begin the output. A question mark will be displayed in
the lower left of the screen, telling you the program is waiting
for you to hit any key to begin the output.

The two-column output is displayed at each interval of the
stepsize until the final value of X is reached. Output may tem-
porarily be halted at any time by simply hitting any key. This
will stop the display until you hit any key to resume the output.
The output may be started and stopped as often as desired, thus
enabling you to leisurely view intermediate results before they
scroll off the screen.

SAMPLE PROBLEM AND RUN

Problem: A body, originally at rest, is subjected to a force of
2000 dynes. Its initial mass is 200 grams. However, while it
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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:

dY = (2000—2Y) where Y = velocity (cm./sec.)

dX (200-X) X =time (sec.)
Find the velocity of the body every 10 seconds up through two
minutes. Also, plot this velocity as a function of time.

Solution and Sample Run: The solution and sample run are
illustrated in the accompanying photograpbhs.

DIFFERENTIAL EQUATION ~OLYEP

THE EQUATIONM MUST BE DEFINMED
AT LINE 3000. THE FORM IS
3000 D=(YOUR FUNCTION OF X»Y)
MHERE B=DY/DX.

IF THIS HAS BEEN DONE., HIT
THE *"£" KEY TO CONTIHNUE.

EF NOT: HIT ANY OTHER KEY.
THEN ENTER LINE 3000 AND RE-RUN

ox
3888 B=(2000-2+Y>/(200-%X)
RUN

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.
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DIFFERENTIAL EQUATIOM SOLVER

THE EQUATIONM MUST BE DEFINED
AT LINE 3000. THE FORM IS
3806 P=C(YOUR FUNCTION OF X, Y)
HHERE B=BY/BX.

EF THIS HAS BEEN DONE: HIT

" "E"™ KEY TO CONTINUE.
HIT AlY OTHER KEV.
LINE 3008 aNB RE-RUN

IKEZPRREKR&.

zn:rrnx YALUE OF X7

The operator has hit the “C” key. The program responds by beginning
the input phase.

INITIAL YALUE OF X? 0
INITIAL VALUE OF Y7 0
STEPSIZE IN X? 10

FINAL VALUE OF X7 129

- FOLLONING OUTPUT Cal BE
BY HITTING ANY KEY. 1IT

‘BE RESUNEB BY HITTING
THIS WMAY BE REPEATED.

The operator has completed the input. The program signals with a
question mark that it is waiting for him to hit any key. It will not con-
tinue the run until he does so.
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'’

0
97.49991135
189. 999821
277. 49972
359. 999609
437. 499483
509. 999337
577.499165
639. 998955
697. 498692
749.998352
797.497896
839. 997256

The operator hits a key and the program responds with the tabulated
output. X is time in seconds and Y is velocity in cm./sec.

PROGRAM LISTING

100 REMY DIFFEQN

110 REMI (C) 1981, FHIL FELDMAN AND TOM
RUGE

150 CLEAR 100

200 CLEIPRINT" DIFFERENTIAL ";

210 PRINTUYEQUATION SOLVER"

220 GOSUE 2500 tFRINT

230 PRINT"™  THE EQUATION MUST 3

240 FRINT"EBE DEFINED"

250 FRINTUAT LINE 3000. THE ";

260 FPRINTYFORM IS"

270 PRINT"3000 D=(YOUR "3

280 PRINT"FUNCTION OF X,Y)"

290 FRINT"WHERE D=DY/DX."

200 PRINTT  IF THIS HAS BEEN "§

210 PRINT"DONE, HIT"

320 PRINT"THE “C7 KEY TO "}

320 PRINT"CONTINUE."

340 PRINT®  XF NOT, HIT ANY "3

350 PRINT"OTHER KEY."
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360 PRINT"THEN ENTER LINE 3000";
370 PRINT" AND RE-RUN"

380 FRINT"THE PROGRAM."

390 GOSUE 2T00IFRINT

400 R&=INKEY$IIF R$="" THEN 400
410 TIF R$<="C" THEN END

S00 INPUTUINITIAL VALUE OF X"iXX
10 INPUTUINITIAL VALUE OF Y"iYY
G20 Y=YYIX=XXIGOSUE 3000

S30 INFUT"STEPSIZE IN X"iDX

40 INFUT"FINAL VALUE OF X"iXF
400 GOSUE ZU00IFRINT

610 FRINT" THE FOLLOWING ";

20 PRINTYOUTFUT CAN BE"

630 FRINT"HALTED EY HITTING "3
640 FRINT"ANY KEY. IT"

650 PRINT"CAN THEN BE RESUMED "3
460 FRINT"EY HITTING®

670 FPRINT"ANY KEY. THIS MaYy ";
680 PRINT"EE REPEATED."

4690 PRINT"  HWHEN THE QUESTION "3
700 PRINTY"MARK (2)"

710 PRINT"AFPPEARS, HIT ANY '}
720 PRINTUKEY TO BEGIN"

730 PRINT"THE OQUTPUT."

740 GOSUE 2500 3FRINT

800 FRINT™ X"," YUIPRINT"?"}

810 R$=TINKEY$ITF R$="" THEN 810
820 PRINT CHR%(8) jCHR$(32) 3

830 FRINT CHR$(8)3

P00 PRINT XX,YYIGOSUE 14600

P10 Q=XX+DX

P20 IF QFXF+1.E-5 THEN END

P30 X=XXiY=YYIGOSUE 30003iK0=D
P40 X=XX+DX/21Y=YY+KIxDX/2

QU0 GOSUE 3000K1=DIY=YY+K1xXDX/Z
9460 GOSUE 3000 1K2=D3X=XX+DX

70 Y=YY+KZXDXIGOSUE 3000 3iK3=D
P80 DY=DXx{(K0+2xHK1L+2xKIZ+K3)/6
QR0 YY=YY+DY I XX=XX+DXIGOTO $00
1600 R$=INKEY$

1610 IF R%="" THEN RETURN

1620 Re=INKEY$

1630 IF R$="" THEN 1620



DIFFEQN

257

L&D RETURM

25900 FOR

(T TRETURN

2510 N
29010
2910

S TO BAIFRINTY "3

' THE
RENTIAL EQTN.

X MAKE
X THE
o THE DEFINITION

4 D= THE FUMCTION OF XY

3999 RETURN
EASY CHANGES

1. If you have already entered the differential equation and
wish to skip the introductory output, add this line:

190 GOTO 500

This will immediately begin the input dialog.
2. If you wish to use negative stepsizes, line 920 must be
changed to:

920 IF Q<XF—-1.E—-5 THEN END

MAIN ROUTINES

200- 390
400- 540
600- 740
800- 830
900- 990
1600-1640
2500-2510
3000-3999

Displays initial messages.

Gets user’s inputs.

Displays additional messages.
Initializes output display.
Computes each step.

Stops and starts output.

Subroutine to display a dashed line.
User supplied routine to define D.

MAIN VARIABLES

D

X,Y
XX, YY
DX

XF

Value of dY/dX.

Values of X,Y on current step.
Values of X,Y on last step.
Stepsize in X.

Final value of X.
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KO0,K1, Runge-Kutta coefficients.

K2,K3

RS User entered string.
Q Work variable.

J Loop index.

SUGGESTED PROJECTS

1.

2.

Modify the program to display the output in graphical
form.

The value of dY/dX as a function of X is often a useful
quantity to know. Modify the program to add it to the col-
umnar display.

The inherent error in the calculation depends on the stepsize
chosen. Most cases should be run with different stepsizes to
insure the errors are not large. If the answers do not change
much, you can be reasonably certain that your solutions are
accurate. Better yet, techniques exist to vary the stepsize
during the calculation to insure the error is sufficiently small
during each step. Research these methods and incorporate
them into the program.

The program can be easily broadened to solve a set of
coupled, first order, differential equations simultaneously.
This would greatly increase the types of problems that could
be solved. Research this procedure and expand the program
to handle it.
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PURPOSE

Is a picture worth a thousand words? In the case of mathe-
matical functions, the answer is often “yes.” A picture, i.e. a
graph, enables you to see the important behavior of a function
quickly and accurately. Trends, minima, maxima, etc. become
easy and convenient to determine.

GRAPH produces a two-dimensional color plot of a function
that you supply. The function must be in the form Y = (any
function of X). The independent variable X will be plotted
along the abscissa (horizontal axis). The dependent variable Y
will be plotted along the ordinate (vertical axis). You have com-
plete control over the scaling that is used on the X and Y axes.

HOW TO USE IT

Before running the program, you must enter into it the func-
tion to be plotted. This is done as a subroutine beginning at line
5000. It must define Y as a function of X. The subroutine will be
called with X set to various values. It must then set the variable
Y to the correct corresponding value. The subroutine may be as
simple or as complex as necessary to define the function. It can
take one line or several hundred lines. Line 5999 is already set as
a RETURN statement, so you need not add another one.

Having entered this subroutine, you are ready to run the pro-
gram. The program begins by warning you that it assumes the
function has already been entered at line 5000. It will then ask
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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 long as the highest value is actually larger than the lowest
one.

Now you must choose the scale for Y. To do this intelligently,
you probably need to know the minimum and maximum values
of Y over the domain of X selected. The program finds these
values and displays them for you. You must then choose the
minimum and maximum values you wish to have on the Y scale.
Again, any two values are acceptable as long as the maximum
scale value of Y is larger than the minimum scale value of Y.

The program will now display the plot of your function. Each
axis is twenty characters long, with the origin defined as the
minimum scale values of both X and Y. Ten tick marks appear
on each axis. The locations of the lower, middle, and upper
values on each scale are displayed appropriately.

The graph axes and tick marks are drawn in red. The function
is plotted in buff.

If a value for Y should be off-scale, a special orange colored
point is displayed at the appropriate value of X. If the actual
value of Y is too large, it is plotted just above the maximum Y
value. If this actual value of Y is too small, it is plotted just
below the Y axis.

After the plot is drawn, the program will tell you to hit any
key to continue. When you do so, information about the plot
scaling is provided. For both X and Y, you are given the low,
mid, and upper values on each axis.

You now have the option of hitting G to draw the graph again
or any other key to terminate the program.



GRAPH 261

SAMPLE RUN

(114
9000 Y=SINCX)>
RUN

After loading the program, the operator enters line 5000 to request the
graph Y =SIN(X). RUN is typed to begin the program.

00000000 HARNMNINMG s000e00000e
. THE SUBROUTIME AT LIMES .
. 3000-5999 IS ASSUMED TO .
o DEFINE Y AS A FUNCTION OF X o
COPPPPPPPPSPPPPPIPSL00000000000

LOMEST VYALUE OF X ¢
HIGHEST VALUE OF X7 6.28

OVER THIS RANGE OF X
HININUN Y =-.9999937146
MAXINUN ¥ = .999999683

CHOOSE Y SCALE
MIN Y SCALE VALUE? -1
MAX Y ScaLE vaLue? 1l

The input dialog transpires. The operator asks that the domain of X
be 0-6.28. The program responds by showing the maximum and mini-
mum value of Y over this domain. The operator chooses an ap-
propriate scale for the Y axis.
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HIT AaNY xKEY TO CON

The graph is displayed as requested. The program waits for the
operator to hit any key to continue.

X ScCALING
XL 0
xn 3.14
XU 6.28

SCALING
YL -1
" e
YU 3

RIT "G" TO REDRAN THE GRAPH
ANY OTHER XEY 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! GRAFH

110 REM? (C) 19281, PHIL FELDMAN AND TOM
RUGE

140 CLEAR 50

150 CA=4106=0108=8

160 Af="n"

200 CLEIPRINTELL,"G R A F H"

210 PRINTIGOSUE 2000 FRINT

220 PRINT

230 INFUTULOWEST VALUE OF X"jXi.

240 INFUT"HIGHEST VaLUE OF X"ji;XU

250 IF XUxXL THEN 280

240 PRINTIFRINT"- BAD X RANGE -~

270 GOTO 220

280 GOSUR 300:GOSUR 500

290 GOSUR Z00IGOBUE 10003ICLSTEND

300 DX={XU-XL)Y/ /408 X=XL

310 COSUER S0003MN=YMX=Y

320 FOR J=1 TO 40

320 X=XL4+DXxJIGOSUE 5000

340 IF Y&EMX THEN MX=Y

350 IF Y<MN THEN MNs=Y

360 NEXTIFRINT

370 PRINTU"OVER THIS RANGE OF X"

380 FPRINT™  MINIMUM = MN

390 PRINTY  MAXIMUM Y ="}IMX

400 FRINTIFRINTUCHOOSE Y SCALE"

410 INFUT"MIN Y SCALE VaALUE";YL

420 INFUT"MAX Y SCALE VALUE"iYU

430 IF YURYL THEN RETURN

440 PRINTIFRINT"- BAD Y SCALE -

450 FRINTIGOTD 370

S00 XA=101YA=23310CL50

910 FOR J=10 TO J0I8ETJ,YA,TAD

G20 NEXTIFOR J=3 TO 23

B30 SETIXA,J,CAYIEET(P,J,08)

G940 NEXTIFOR J=10 TO 350 STEF 4

GE0 SET (S, 249, Ca) 1SET(J~1,24,0M)

60 NEXTIFOR J=3 TO 23 STEF 2

570 SET8,J,CaXI8ET(7,J,CAY INEXT

80 PRINTE420,"XL";

S90 PRINTEA30,"XM"}

400 FRINTE440,"XU";
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A10 PRINTE3IG3,"YL":
Zl?iﬁn"'M"°
H'Yljllt

’ll'\(ll L 3

& TLINTM"”“ PHN S IRETURM
00 DX XU kL)/“niﬁY“fYU
Z10 FOR
720 XP”IO

Y320
00 TO 403 =X+ D
L 3(3()5Jill U 1]
THEMN TOXP, Y, 06D
THEM (XF424,08)
a0 ) > THEN (XL E,05)
740 NFYT*NFTN’Wﬂﬂa YHIT ANY Mg

3 ! iY TO CONTIMNUE":
= THEN 780

ARV
1 URMN
ETURN
CTURN

[ ) T A gkt 3
SCALIRHREG

¥
Y. YU

TF

Q3n

1000
1010
1020
120
1040
1050
1040
1070
10ern
1090
1ign
1110
1120
1130 X ”h“”“ THEW 1120
1140 IF O A A 1 i%f HWORET L}rx?é
1isn 6 G008 6! B 7 L
2000
2010
2020
annn
2040
2050
2040
2070

YU
INT"HIT ‘G REL
NT" THE GRAFPH"

ANY OTHER KEY™;
TO QUIT
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2080 NEXTIFOR J=24 TO 94
2090 PRINTED, &% “JL"T

Ll

l"‘O FOR J=94 TD 140

FRINTEJ, &% 00 E"\'f'i('i"(?‘
NEXTIFOR % 0
PRIMTED: &% 3 H\IL TRE Tul\N
FEM

REM xx Y=F(X) GOES HERE xx

He99 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 ac-
complished by adding the following lines:

363 IF MX< =MN THEN 370
365 YU=MX:YL=MN:RETURN

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.

?/0 ERROR IN 5000

The colors used for the axes, function, and off-axis points
are controlled by the variables CA, CG, and CS respec-
tively. These are set in line 150. You can change any or all of
these colors should you desire. For example, to get blue
axes, cyan function, and yellow off-scale points, change line
150 to:

150 CA=3:CG=6:CS=2

Consult your manual for the numerical values required to
achieve the desired colors.

MAIN ROUTINES

140- 160 Initializes constants.
200- 210 Displays introductory warning.
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220- 290

300- 450

500- 650
700- 800
900- 930
1000-1150

2000-2130
5000-5999

TRS-80 Color Programs

Mainline routine — gets X scaling from user and calls
various subroutines.

Subroutine which determines the minimum, maxi-
mum Y values; gets Y scale from user.

Subroutines to draw graph axes and scale labeling.
Subroutine to plot the function.

Subroutine to determine the plotting position for Y.
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 function
of X. :

MAIN VARIABLES

XL,XM,
XU

YL, YM,
YU
DX,DY
X,Y
XP,YP
AS$

F

Vv
MN,MX
Qs

J

CA

CG
CS

Lower, middle, upper scale values of X.
Lower, middle, upper scale values of Y.

Scale increments of X,Y.

Current values of X,Y.

Plot position of X,Y point.
Message string.

Special plot character flag (1=Y too low, 2=Y too
high).

Value of X or Y in scale units.
Minimum, maximum values of Y.
User reply string.

Loop index.

Color code for axes and tick marks.
Color code for function.

Color code for off-scale points.

SUGGESTED PROJECTS

1. Determine and display the values of X at which the mini-
mum values of Y occur.

2. After the graph is plotted, allow the user to obtain the exact
value of Y for any given X.
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PURPOSE AND DEFINITION

The need to evaluate integrals occurs frequently in much
scientific and mathematical work. This program will numeri-
cally integrate a function that you supply using a technique
known as Simpson’s rule. It will continue to grind out successive
approximations of the integral until you are satisfied with the
accuracy of the solution.

Mathematical 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 func-
tion between the limits x =/ (lower limit) and x= u (upper limit)
represents the area under its curve; i.e. the shaded area in
Figure 1.

We may approximate the integral by first dividing up the area
into rectangular strips or segments. We can get a good estimate
of the total integral by summing the areas of these segments by
using a parabolic fit across the top. For those who understand
some mathematical theory, Simpson’s rule may be expressed as

X=u
3

§ f(x)dx = % {f(l) + ()

X

N/2 (N-2)/2
+4 ) fll+AQj-1)]+2 ), f[l+2Aj]}

J j=1

Here N is the number of segments into which the total interval is
divided. N is 4 in the diagram.
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y = f(x)

Figure 1. The Integral of f(x)

For a good discussion of the numerical evaluation of integrals
see: McCracken, Dorn, Numerical Methods and Fortran Pro-
gramming, New York, Wiley, 1964, pp. 160. Don’t let the word
“Fortran” scare you away. The discussions in the book are inde-
pendent of programming language with only some program ex-
amples written in Fortran.

HOW TO USE IT

The program begins with a warning! This is to remind you
that you should have already entered the subroutine to evaluate
Y as a function of X. This subroutine must start at line 7000.
More about it shortly.

You will then be asked to provide the lower and upper limits
of the integration domain. Any numerical values are acceptable.
It is not even necessary that the lower limit of X be smaller than
the upper one.

The program will now begin displaying its numerical evalua-
tions of the integral. The number of segments used in the calcu-
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lation continually doubles. This causes the accuracy of the in-
tegral to increase at the expense of additional computation time.
For most functions, you should see the value of the integral con-
verging quickly to a constant (or near constant) value. This, of
course, will be the best numerical evaluation of the integral at
hand.

When you are satisfied with the accuracy of the solution, you
must hit the BREAK 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 Color
Computer hours, days, and weeks to compute steps. Eventu-
ally, round-off errors begin degrading the results, causing a
nice, constant, converged solution to change. However, the
high precision of the computer’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 7000. This subroutine will be continually called with the
variable X set. When it returns, it should have set the variable Y
to the corresponding value of the function for the given X. The
subroutine must be able to evaluate the function at any value of
X between the lower and upper bounds of the integration
domain.

If your function consists of experimental data at discrete
values of X, you must do something to enable the subroutine to
evaluate the function at intermediate values of X. We recom-
mend one of two approaches. First, you could write the subrou-
tine to linearly interpolate the value of Y between the ap-
propriate values of X. This will involve searching your data
table for the pair of experimental X values that bound the value
of X where the function is to be evaluated. Secondly, the pro-
gram CURVE presented elsewhere in this section can produce
an approximate polynomial expression to fit your experimental
data. This expression can then be easily entered as the subrou-
tine at line 7000.
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By the way, Simpson’s rule is exact for any polynomial of
degree 3 or less. This means that if the function can be written in
the form

Y =A*X*X*X +B*X*X +C*X+D
where A, B, C, D are constants, the program will calculate the
integral exactly even with only two segments.

SAMPLE RUN
The sample run illustrates the following integration
)x=l
4
d
! x=0 1+x2 X

This integral has the theoretical value of = (pi) as the correct
answer! Pi, as you may know, has the value 3.1415926535. ...
Before the run is started, the above function is entered at line
7000.

[11.4
7000 Y=4/(1+XeX)
RUMNM

The integrand function is entered at line 7000 and RUN is typed to
start the program.
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INTEGRRL BY SIMPSOM*S RULE

MARMING!

THE SUBROUTINE AT LINES

7000-7999 IS ASSUNMED TO

DEFINE Y AS A FUNCTION OF, X

LOKER LINIT OF X? 0
UPPER LINIT oOF x? 1}

The upper and lower bounds of the integration are input as requested.

& SEGMEMTS INTEGRAL

3. 13333334
3.14156863

3. 1415925
3. 14159265
 3.14159266
 3.14159266
3. 14159266

3. 14159266

3. 14159266

3. 14159266

The results are computed up to 1024 segments. Then the BREAK key
is pressed to terminate the calculation.
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PROGRAM LISTING

INTEGRAL BY SIMPBON'S RULE"
2 A4003GAOSUE 420

SO LY S UHARNING! "3

420IC0OGUE 4410

420

THE SUBRDUTINE &T"3

> ;!J'\’T YOLINESY P IGOBUER 430

SUE 4403G0SUER 420

: Ih—T' 0007999 IL5'3

FRIMNT™ ASSUMED TO":

AZ0 GOBUE 4303G05UR 440

280 GOSUE 4205PRINT" DEFINE Y':

240 PRINTY A% & FUNCTION OF X3

A50 GCOSUER 4301605UE 440

240 COSUR A400IFRINTIGOTO 500

406 FOR J=1 T0 22

410 FRINT CH3INEXTIRETURN

420 FPRINT C%3:RETURN

4230 PRIMNT TABRCILIICH: IRETURN

440 GOSUER 4203605UE 430 IRETURN

E00 INFUTU"LOWER LIMIT OF X"iL

S10 INFUTUURFER LIMIT OF X"3U

BE0 PRINT

D60 FRINT"S® SEGMENTS", "INTEGRALY

HO0 DX (UL ) /NI T=0

A10 X=LIGOSUE 70003T=T+Y

A20 ¥=L1 Uk 70003 T=T+Y

G0 M=NS2 =0

A60 FOR J=1 TO M

H70 X=L+DXx (E2xJ-1) IG0SUE 7000

A80 Z=Z4HY INEXTIT=T+4%E

Z00 M=M-1311TF M=0 THEN 800

710 Z=01F0R J=1 TO M

A0 M=l +DXH2xJIG058UE F0001Z=24+Y

730 NEXTIT=T+INZ

800 A=DXxT/2

810 FPRINT N,A

)

3] R
e (oo Ml s B

-
ﬁ‘ﬂ-l

.
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820 N=NxZ

220 GOTO A00

AFLHD REM

A970 REM xxx ENTER SUEBRDUTINE
AP80 REM xxx AT LINE 7000

HP90 REM

7000 REM xx Y=F(X) GOES HERE xx
7999 RETLRN

EASY CHANGES

1.

You might want the program to stop calculation after the in-
tegral has been evaluated for a given number of segments.
Adding the following line will cause the program to stop
after the integral is evaluated for a number of segments
greater than or equal to 100.

815 IF N> =100 THEN END

Of course, you may use any value you wish instead of 100.
Perhaps you would like to see the number of segments
change at a different rate during the course of the calcula-
tion. This can be done by modifying line 820. To increase
the rate of change, try

820 N=N*4
to change it at a constant (and slower) rate, try
820 N=N+50

Be sure, however, that the value of N is always even.

You can experiment with the border used around the intro-
ductory warning by changing the CHR$ argument used in
line 210. This might be particularly desirable if you are using
a black and white TV. Values from 128-255 will produce
various color combinations. Values from 96-127 will pro-
duce reverse video characters. To get a pleasing asterisk
border, which looks good on a black and white set, try

210 C$ =CHR$(42)

MAIN ROUTINES

150- 160 Initializes constants.

200- 360 Displays introductory messages and warning.
400- 440 Graphics display subroutines.

500- 510 Gets integration limits from operator.

550- 560 Displays column headings.
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600- 620
650- 680
700- 730
800- 830

7000-7999

TRS-80 Color Programs

Computes integral contribution from end points.
Adds contribution from one summation.

Adds contribution from other summation.
Completes integral calculation and displays it. In-
creases number of segments and restarts calculation.
Operator supplied subroutine to evaluate f(x).

MAIN VARIABLES

Number of segments.

Loop index.

Lower, Upper integration limit of x.
Width of one segment.

Partial result of integral.

Number of summations.

Subtotal of summations.

Value of integral.

Current value of x.

Current value of the function y= f(x).
String used in messages.

SUGGESTED PROJECTS

1. Research other similar techniques for numerical integration
such as the simpler trapezoid rule. Then compute the in-
tegral with this new method. Compare how the two methods
converge toward the (hopefully) correct answer.
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PURPOSE

This program solves a set of simultaneous linear algebraic
equations. This type of problem often arises in scientific and
numerical work. Algebra students encounter them regularly —
many “word” problems can be solved by constructing the proper
set of simultaneous equations.

A Color Computer with 4K of memory can handle up to
twelve equations in twelve unknowns. This should prove more
than sufficient for any practical application. A 16K system can
handle many more if, somehow, this should ever be necessary.

The equations to be solved can be written mathematically as
follows:

AnXi+ARX+...+AvXy=R,;
A X +AnXo+ ...+ AnnXv=R:

AN1XI+ AN2X2+ T ANNXN= RN

N is the number of equations and thus the number of unknowns
also. The unknowns are denoted X, through Xy.

Each equation contains a coefficient multiplier for each un-
known and a right-hand-side term. These coefficients (the A
matrix) and the right-hand-sides (R; through Ry) must be con-
stants — positive, negative, or zero. The A matrix is denoted
with doubled subscripts. The first subscript is the equation
number and the second one is the unknown that the coefficient
multiplies.
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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) com-
prise your set. This number must be at least 1. If it is too large,
an OM or BS error will immediately result.

Next, you must enter the coefficients and right-hand-sides for
each equation. The program will request these one at a time,
continually indicating which term it is expecting next.

Once it has all your inputs, the program begins calculating the
solution. This may take a little while if the value of N is high.
The program ends by displaying the answers. These, of course,
are the values of each of the unknowns, X; through Xy.

If you are interested, the numerical technique used to solve
the equations is known as Gaussian elimination. Row inter-
change to achieve pivotal condensation is employed. (This keeps
maximum significance in the numbers.) Then back substitution
is used to arrive at the final results. This technique is much
simpler than it sounds and is described well in the numerical
analysis books referenced in the bibliography.

SAMPLE PROBLEM AND RUN

Problem: A painter has a large supply of three different col-
ors 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
medium green to be composed of 25% blue pigment, 25% yel-
low 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,
X3 = percent of pure blue to use.
The problem leads to these three simultaneous equations to
solve:
0.3 X;+0.1 X;+0.9 X3=0.25
0.2 X, +0.35 X; =0.25
X+ X, + X;=1.0
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The first equation expresses the amount of blue pigment in the
mixture. The second equation is for the yellow pigment. The
third equation states that the mixture is composed entirely of
the 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 SINULTANEOUS LINEAR EQUATION
SOLYER

NMUNBER OF EQUATIONS? 3

THE 3 UNKNOWNS MWILL BE BENOTED

ALUES FOR EQUATION 1

EODEFFICIENT OF X177 .3
COEFFICIENTY OF X27 .1
COEFFICIENT OF X377 .9
RIGHTY HAND SIBE? .25

The operator chooses to solve a set of three simultaneous equations
and then enters the coefficients for the first equation.
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ENTER VALUES FOR EQUATIONM 2

COEFFICIENT OF X171 .2
COEFFICIENT OF X27 .35
COEFFICIENT OF %37 @
RIGHT HANB SIBE? .25

ENRTER VALUES FOR EQUATION 3

COEFFICIENT OF X17
COEFFICIENT OF X2?
COEFFICIENT OF X3?
RIGHT HAMB SIBE? 1

The coefficients for the remaining two equations are entered.

ENTER VALUES FOR EQUATIONM 3

COEFFICIENT OF X117
COEFFICIENT OF ¥X27
COEFFICIENT OF X37
RIGHT HAND SIBE? 1

THE SOLUTION IS

Xi= .35

X2= .4

X3= .85
1] 4

The computer provides the solution. 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

150
200
210
220
230
240
250
260
270
280
290
ano
400
410
420
430
4410
450
440
470
4810
490
S00
510
520
=30
G40
S50
A0
410
420
&30
£410
@on
210
2000
2010
2020
20320
2040

REM: STMEQN
REMS (O) 1981, PHIL FELDMAN AND
RUGEG
CLEAR 100
CLS
FRINT®1,"a SIMULTANEOUS"
FRINTELS, "LINEAR EQUATION"
FRINTE4S, "S0LVER
FRINT
TINFUT"NUMBER OF EQUATIONS" N
IF N0 THEN 400
FRIMNTIPRINT " xx ERROR! KX
FRINTUTHERE MUST EBE AT "3
FRINT"LEAST 1"i1GOSUE 4000
GOTO 240
DIM AN NIYSRIND ,VIND
FRINT
FRINT"THE" JN: "UNKNOWNE" 3§
FRINT" WILL BE DENOTED"
FRINT"XL THROUGH X"i§
FRINT MIDSISTREOND 2 2)
GOSUE PO0IFOR J=1 TO N
FRINTUENTER UaLUES FOR"S
FRINT" EQUATION"J
FRINTIFOR K=1 TD N
FRINTUCOEFFICIENT OF X"3
FRINT MIDS{STRE(RKY 203
TINPUT &G Y TNEXT
INFUT"RIGHT HAND SIDE" IR
GOSUER 200 INEXT
GOSUER 2000
PRINT"THE SOLUTION I&"
FRINTIFOR J=1 TO N
FRINT'™  XUIMIDS(STR$ (DY 203
FRINT =3V 00)
NEXTLEND
FRINTIFOR =1 TO 31
FRINT " ENEXTIFRINT S RETURN
TF Nxl THEN 2020
VD =RODY AT 1) SRETURN
FOR K=1 TO N-LiT=R+d
L.=H
Q=ABRS (AT, K Y -ARS AL, KY)

TOM

279
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2050 T" Qr0 THEN L=I

THEN T=T+13G60T0O 2040

L= THEM E14C

FOR J=H TO NIG=ATK, )
ACH,JY=a 0l D 3AL, J)=RINEXT
=R TR =RIL I IRL)Y =R
Y=k
Qup I, K /8K H FACT, Ky =10
FOR +1 TO N
X (L, Y -QxA (K, J) SMNEXT
'f AR
! THLN T=T+13GATO 2120

2150 R(I)
21460 IF I
2170 NEXT
218n ”(N'*R'N),uil,Nb

21 =1 T L STEF -1
JuI+l TOON
,J\WU(i)

=S 0T, T ENEXT

SOUND 8,83RETURN
EASY CHANGES

You may be surprised sometime to see the program fail com-
pletely and display this message:

?/0 ERROR IN 2180

This means your input coefficients (the A array) were ill-
conditioned and no solution was possible. This can arise from a
variety of causes; e.g. if one equation is an exact multiple of
another, or if every coefficient of one particular unknown is
zero. If you would like the program to print a diagnostic
message in these cases add these lines.

2172 IF A(N,N)< >0 THEN 2180

2174 PRINT “BAD INPUT -

2176 PRINT “NO SOLUTION POSSIBLE”
2178 GOSUB 6000: STOP

MAIN ROUTINES

200- 240 Clears screen and displays program title.

250- 550 Gets input from user and calculates the solution.
600- 640 Displays the solution.

900- 910 Subroutine to space and separate the output.
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2000-2230

2000-2010
2020-2170
2030-2110
2180-2230
6000
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Subroutine to calculate the solution; consisting of
the following parts:

Forms solution if N=1.

Gaussian elimination.

Interchanges rows to achieve pivotal condensation.
Back substitution.

Sound generation subroutine.

MAIN VARIABLES

LJK,L
N

O <E>

Loop indices and subscripts.

Number of equations (thus number of unknowns
also).

Doubly dimensioned array of the coefficients.
Array of right-hand-sides.

Array of the solution.

Work variable.

SUGGESTED PROJECTS

1. The program modifies the A and R arrays while computing
the answer. This means the original input cannot be dis-
played after it is input. Modify the program to save the in-
formation and enable the user to retrieve it after the solution
is given.

2. Currently, a mistake in typing input cannot be corrected
once the ENTER key is pressed after typing a number.
Modify the program to allow correcting previous input.
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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 memo-
ries, or we simply moan at our insurance premiums. To most
people, the word “statistics” carries a negative connotation. To
invoke statistics is almost to be deceitful, or at least de-
humanizing. But really, we all use statistical ideas regularly.
When we speak of things like “she was average height” or the
“hottest weather in years,” we are making observations in
statistical terms. It is difficult not to encounter statistics in our
lives, and this book is no exception.

Of course, when used properly, statistics can be a powerful,
analytical tool. STATS analyzes a set of numerical data that you
provide. It will compile your list, order it sequentially, and/or
determine several statistical parameters which describe it.

This should prove useful in a wide variety of applications.
Teachers might determine grades by analyzing a set of test
scores. A businessman might determine marketing strategy by
studying a list of sales to clients. Little leaguers always like to
pore over the current batting and pitching averages. You can
probably think of many other applications.

HOW TO USE IT

First, your data list must be entered. The program will
prompt you for each value with a question mark. Two special
inputs, *END and *BACK, may be used at any time during this
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data input phase. To signal the end of data, input the four char-
acter string, *END, in response to the (last) question mark. You
must, of course, enter at least one data value.

If you discover that you have made a mistake, the five charac-
ter string, *BACK, can be used to back up the input process.
This will cause the program to re-prompt you for the previous
entry. By successive uses of *BACK you can return to any
previous position.

With the input completed, the program enters a command
mode. You have four options to continue the run:

1) List the data in the order input
2) List the data in ranking order
3) Display statistical parameters
4) End the program

Simply input the number 1, 2, 3, or 4 to indicate your choice. If
one of the first three is selected, the program will perform the
selected function and return to this command mode to allow
another choice. This will continue until you choose 4 to termi-
nate the run. A description of the various options now follows.

Options 1 and 2 provide lists of the data. Option 1 does it in
the original input order while option 2 sorts the data from
highest value to lowest.

The lists are started by hitting any key when told to do so.
Either list may be temporarily halted by hitting any key while
the list is being displayed. This allows you to leisurely view data
that might otherwise start scrolling off the screen. Simply hit
any key to resume the display. This starting and stopping can be
repeated as often as desired. When the display is completed, you
must again hit a key to re-enter the command mode.

Option 3 produces a statistical analysis of your data. Various
statistical parameters are calculated and displayed. The follow-
ing is an explanation of some that may not be familiar to you.

Three measures of location, or central tendency, are pro-
vided. 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.
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These measures of location give information about the
average value of the data. However, they give no idea of how
the data is dispersed or spread out around this “average.” For
that we need “measures of dispersion” or as they are sometimes
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 dispersion
are given: the variance and the standard deviation. The variance
is defined as:

N
Y (V.-My?
VA ==L
N-1

Here N is the number of values, V., is value i, M is the mean
value. The standard deviation is simply the square root of the
variance. We do not have space to detail a lengthy discussion of
their theoretical use. For this refer to the bibliography. Basi-
cally, however, the smaller the standard deviation, the more all
the data tends to be clustered close to the mean value.

One word of warning — the first time option 2 or 3 is selected,
the program must take some time to sort the data into numerical
order. The time this requires depends upon how many items are
on the list and how badly they are out of sequence. Average
times are fifteen seconds for twenty-five items, about one min-
ute for fifty items, about four minutes for a hundred items. The
Color Computer will pause while this is occurring, so don’t
think it has hung up or fallen asleep! If you have several items
on your list, this is the perfect chance to rob your refrigerator,
make a quick phone call, or whatever.
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SAMPLE RUN

S TATS

ENTER A BATA YALUE AFTER EACH
QUESTION MNARK.

IF YOU MAKE A MISTAKEs TYPE

MHEN THE LIST IS ENTERED, TYPE
SENE TO TERNINATE THE INPUT.

VBLUE & 1 7

The program prompts the operator to begin entering the input data
values.

WHEN THE LIST IZ ENTEPEY, Typo
¢END TO TERMINMATE THE IHNPUT.

YALUE ? 98
YALUE ? 76
YALUE ? 81.5
YALUE ? 97.5
YALUE ! 69
VALUE ? «END

CONTINUATION OPTIONS
1> LIST BATA IN ORIGINAL ORDER
2) LIST BATA IN RANKING ORDER
3) BISPLAY STATS
4> END PROGRAM
MHAT NEXT? B

The operator completes entering the scores of those who took a pro-
gramming aptitude test. The actual test was given to many people, but
for demonstration purposes, only five scores are used here. The
special string, *END, is used to signal the end of the data. The
operator then requests that the list be sorted into numerical order.
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MHILE THE LIST IS DISPLATING,
YOu CalM HIT AMY KEY TO CAUSE A
TENPORARY HALT. THE DISPLAY MWILL
RESUNME WHEN YOU HIT ANOTHER KEY.

RIT ANY KEY 7Q STaRT

YALUE
93
897.5
81.5
76
69

AWM m

RIT AaNY XEY 7O CONTINUE

The operator hits a key to start the disp]ay and is then shown the data

list in ranking order. The program waits for the pressing of a key to
continue.

NUMBER OF VALUES= S
S POSITIVE, ¢ MEGATIYE, 0 ZERO
MIN YALUE= 69
MAX VALUE= 98
RANGE= 29
SUN OF YALUES= 422

NEAN= 84. 4
NEBIAN= 81.5
RIB-RANGE= 83.5

STB. BEVIATION= 12.9682304
VARIANCE= 168. 174999

HIT ANY KEY TO CONTINUE

Later in the run, the operator selects continuation option 3. This
calculates and displays the various statistical quantities.
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PROGRAM LISTING

100
110

140
150
140
170
180
200
210
220
230
240
250
260
270
280
290
300
3io
320
00
510
G20
530
5440
550
S60
azn
580
990
600
700
710
720
730
740
800
810
820
830
8410
850

REM? STATS - 16K

REM! (C) 1981, FHIL FELDMAN AND TOM
RUGG

CLEAR S0

B EACK™ $E®=""XEND"

MX=100

DIM VIMX) , Z(MXD

ZC0)y=0

CLEIPRINTE1Z,"S T A T &"
FRINTIFRINT"  ENTER A DATA"}
FRINT™ ValUE AFTER EACH"3
FRINT" QUESTION MARK."
FREINTIPRINT"  IF YOU MAKE'"™:
FRINT" A MISTAKE, TYFE"Y
FRINT E$:" TO RE-ENTER"3
FRINT" THE LAST"
FRINT"DATUM. " $FRINT

FRINT" WHEN THE LIST I8"}
FRINT" ENTERED, TYFE"}
FRINT E$3"  TO TERMINATE"
FRINT™ THE INPUT."IFRINT
N1

IF N<1 THEN N=1

FRINT"VALUE #'"3N3

INFUT R$IIF RéeE=E$ THEN 700
IF R$=(%$ THEN N=N-13GOTO 510
VNI =UAL (RS)

IF N=MX THEN FRINT ELSE 600
FRINT"x NO MORE DATA"}
FRINT" ALLOWED! x"3IN=N+1
GOSUE 3000:GOTO 700
N=N+13GOTO 510

NN,

IF N=0 THEN FRINT ELSE 800
FRINT"x NO DATA -~ RUN"3
FRINT" ABORTED x

GOSUE 3000 3END

FRINT

FRINTU"CONTINUATION OFTIONS"
FRINT" 1) LIST DATA IN"}
FRINT" ORIGINAL ORDER"
FRINT" 2) LIST DATA IN"j
FRINT" RANKING ORDER"
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860

870

880

890

?00

210

920

?30

1000
1010
1020
1030
1040
1050
1060
1070
1080
1200
1210
1220
1230
1240
1250
1240
1270
1280
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
16350
1660
1670
1680

FRINT™ 3) DISFLAY STaATS"
FRINT™ 4) END FROGRAM"
INFUT"WHAT NEXT" ;R®
R=INT (VAL (R$))

IF R<1 OR R>4 THEN 800
IF R=4 THEN END

ON R GOSUE 1000,1200,1500
GOTO 800

CLSIPRINTYTHE ORIGINAL"™S
FRINT" DATA ORDER"IFRINT
FRINT NI"TOTAL ENTRIES"
FRINTIGOSUE 20003FRINT
FRINT™ 4", "ValuUg"

FOR J=1 TO NIFOR K=1 TO 100
NEXTIFRINT J,V(J)

GOSUE 2500 INEXTIGOSUE 2900
RETURN

CLSIFRINT"THE DATA IN"j;
FRINT" RANKING ORDER"IFRINT
FRINT N3"TOTAL ENTRIES"
FRINT:GOSUE 2700:GOSUE 2000
FPRINTSFRINT™ #","VALUE"

FOR J=1 TO NIFOR K=1 TO 100
NEXTIFRINT J,V(Z0d))

GOSUE Z500INEXTIGOSUE 2900
RETURN

CLEINF=0 tNN=0INZ=035Q=03W=0
FRINT"STATISTICAL ANALYSISY
FRINT

FRINT"NUMEER OF VALUES="}N
FOR J=1 TO NiW=W+VU(J)
SA=HQ+V(JIXV (D)

IF V()0 THEN NF=NF+1

IF V(J)<0 THEN NN=NN+1

IF V(=0 THEN NZ=NZ+1

NEXT : M=W/NIVA=(

IF N=1 THEN 1620

VA= (SQ-NXMXM) / (N-1)
D=Va/3 {IF Va=0 THEN 14650
FOR J=1 T0O 63
ED=(SD+VA/SD) /2 INEXT

FRINT NF3"FOSXTIVE,":

FRINT NN3'"NEGATIVE,"}

FRINT NZ3"ZERO"

GOSUE 2700

289
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14690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
18320
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2500

2510

r-);_ 5520

2530
2540
2700
2710
2720
2730
2740
2750
2760
2770
2780
2900
2910
2920

TRS-80 Color Programs

FRINT'"MIN VALUE="3V{Z(N))
FRINT"MAX VALUE="3jV(Z(1))
Q=Y {201 )~-VIZINDD
FRINT"RANGE="3Q
FRINT"SUM OF VaLUES=
FRINTIFRINT"MEAN="}M
Q=INTI(N/ZY+1 IMD=V(Z(R))

IF N/7Z2XINTINZZ2)Y THEN 1780
MD=(V(Z(I+VZQ-1)))/2
FRINT"MEDIAN="3MD
Q=(VZ1I+VZINI I I /E
FRINT"MID~RANGE="3QIFRINT
FRINT"STD. DEVIATION="3;&D
FRINT"VARTANCE="3;VA

GOSUE 2900 RETURN

FRINT"  WHILE THE LIST I&S";
FRINT" DYISFLAYING,"
FRINT"YOU CAN HIT ANY KEY'"}
FRINT" TO CAUSE AY
FRINTY"TEMFORARY HALT. THE";
FRINT" DISPLAY WILL"™S
FRINTU"RESUME WHEN YOU HIT'"3
FRINT" ANOTHER KEY."3iPRINT
FRINT"HIT aANY KEY TO START"
R$=TNKEY%

IF R$="" THEN 2090

RETURN

Ré=TNKEY$

IF R$="" THEN RETURN
Ré=TNKEY$

IF R$="" THEN 2520

RETURN

IF Z<0)=1 THEN RETURN

IION

FOR J=1 TO NIZ(J)=JiNEXT

IF N=1 THEN RETURN

NM=N-13FOR K=1 TO N

FOR J=1 TO NMINL=Z(JD
NZ2=2 (J+1)

IF VINLY=V(NZ) THEN 2780

ZCJH1)=N11Z )y =NZ

NEXTINEXTIZ(0)=1 I RETURN

FRINT

FRINT"HIT ANY KEY'"3

FRINT" TO CONTINUE"S
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2920 R&E=INRKEY$

2940 TF RE="" THEN 2930
2950 PRINTIRETLRN

000 SOUND 8, 8IRETURN
EASY CHANGES

1. The program arrays are currently dimensioned to allow a
maximum of 100 data items. A 16K TRS-80 Color Com-
puter, which is required to run this program, has enough
storage for over 1000 data items. To achieve up to 1000 data
items, make this change:

160 MX = 1000

2. You may wish to change the special strings that signal termi-
nation of data input and/or the backing up of data input.
These are controlled by the variables E$ and BS$, respec-
tively. They are set in line 150. If you wish to terminate the
data with /DONE/ and to back up with /LAST/ for exam-
ple, line 150 should be:

150 B$ =“/LAST/”:E$ =“/DONE/”

3. You may wish to see your lists sorted from smallest value to
largest value instead of the other way around, as done now.
This can be accomplished by changing the “greater than”
sign (>) in line 2760 to a “less than” sign (<). Thus:

2760 IF V(N1) < V(N2) THEN 2780

This will, however, cause a few funny things to happen to
the statistics. The real minimum value will be displayed
under the heading “maximum” and vice-versa. Also, the
range will have its correct magnitude but with an erroneous
minus sign in front. To cure these afflictions, make these
changes also:

1690 PRINT “MIN VALUE =*“V(Z(1))
1700 PRINT “MAX VALUE =“;V(Z(N))
1710 Q= V(Z(N)) - V(Z(1))

MAIN ROUTINES

140- 180 Initializes constants and dimensioning.

200- 320 Displays messages.

500- 600 Gets data from the user.

700- 740 Checks that input contains at least one value.
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800- 930

1000-1080
1200-1280
1500-1830
2000-2110
2500-2540

2700-2780
2900-2950

3000

TRS-80 Color Programs

Command mode — gets user’s next option and does a
GOSUB to it.

Subroutine to list data in the original order.
Subroutine to list data in ranking order.
Subroutine to calculate and display statistics.
Subroutine to display various messages.

Subroutine to allow user to temporarily start and
stop display listing.

Subroutine to sort the list in ranking order.
Subroutine to detect if user has hit a key to
continue.

Sound generating subroutine.

MAIN VARIABLES

MX
V(MX)
Z(MX)
N

BS$

E$

RS
NM

R

NP
NN
NZ

w

SQ

M

MD
VA
SD
IK
N1,N2

Q

Maximum number of data values allowed.
Array of the data values.

Array of the sorting order.

Number of data values in current application.
Flag string to back up the input.

Flag string to signal end of the input.
User input string.

N-1.

Continuation option.

Number of positive values.

Number of negative values.

Number of zero values.

Sum of the values.

Sum of the squares of the values.

Mean value.

Median of the values.

Variance.

Standard deviation.

Loop indices.

Possible data locations to interchange during
sorting.

Work variable.

- SUGGESTED PROJECTS

1. The sorting algorithm used in the program is efficient only
when the number of list items is fairly small—less than
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twenty-five or so. This is because it does not do checking
along the way to see when the list becomes fully sorted. If
your lists tend to be longer than twenty-five items, you
might wish to use another sorting algorithm more ap-
propriate for longer lists. Try researching other sorts and in-
corporating them into the program. To get you started, try
these changes:

2730 Q=0: FOR J=1TO N-1:N1=2Z(J)

2740 N2=Z(J +1)

2750 IF V(N1)> =V(N2) THEN 2780

2760 Z(J+1)=N1:Z(J)=N2

2770 Q=1

2780 NEXT:IF Q=1 THEN 2730

2790 Z(0)=1:RETURN

If your lists are short, this routine will probably be a little
slower than the current one. However, for longer lists it will
save proportionately more and more time.

2. Many other statistical parameters exist to describe this kind
of data. Research them and add some that might be useful
to you. One such idea is classifying the data. This consists of
dividing the range into a number of equal classes and then
counting how many values fall into each class.



Section 6

Miscellaneous Programs

INTRODUCTION TO MISCELLANEOUS PROGRAMS

These programs show how simple programs can do interest-
ing 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 Color
Computer with the proper “know-how.” POWERS will
calculate the values of integers raised to various powers; not to
the computer’s standard nine digit precision, but up to 250 full
digits of precision.

Your computer can play music! TUNE allows you to enter
tunes into your computer in a simple, convenient manner. Then
your computer will play them for you.
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PURPOSE

Suppose you are in a room full of people. What is the proba-
bility that two or more of these people have the same birthday?
How many people have to be in the room before the probability
becomes greater than 50 percent? We are talking only about the
month and day of birth, not the year.

This is a fairly simple problem to solve, even without a com-
puter. With a computer to help with the calculations, it becomes
very easy. What makes the problem interesting is that the cor-
rect answer is nowhere near what most people immediately
guess. Before reading further, what do you think? How many
people have to be in the room before there is better than a 50-50
chance of birthday duplication? 50? 100? 200?

HOW TO USE IT

When you RUN the program, it starts by displaying headings
over two columns of numbers that will be shown. The left col-
umn is the number of people in the room, starting with one. The
right column is the probability of birthday duplication.

For one person, of course, the probability is zero, since there
is no one else with a possible duplicate birthday. For two peo-
ple, the probability is simply the decimal equivalent of '4¢s (note
that we assume a 365 day year, and an equal likelihood that each
person could have been born on any day of the year).

What is the probability of duplication when there are three
people in the room? No, not just %¢s. It’s actually

1 — (36465 times 363/365)
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This is simply one minus the probability of no duplicate
birthdays.
The probability for four people is

1 — (354465 times 363445 times 36%44;5)

The calculation continues like this, adding a new term for
each additional person in the room. You will find that the resulit
(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 BREAK the program long
before that to see the point where the probability first exceeds
50 percent. You can also press the “at sign” key while holding
SHIFT down to make the computer pause.

SAMPLE RUN
NO. OF PROB. OF 2 OR MORE
PEOPLE WITH SAME BIRTHDAY
1 0

2 2.7397261E-03

3 8.20416585E-03
4 .0163559124

5 .027135573¢6

6 .0404624834
(etc.)

PROGRAM LISTING

100 REM:? BIRTHDA&Y

P10 REMD O (C) 1981, TOM RUGE AaMD FHIL
FELDMAN

120 CLEAR 200:0LE

130 PRINT"ND. OF PROB, OF 2 O MOREY
140 PRINTVYFEQFRLE WITH SAME BIRTHDAYY
150 Q=1

140 FOR N=1 TO &40

170 FPRINT NITARCLZ) L0
1680 Q=0x(345-NY /340

190 NEXT M

200 EMND
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EASY CHANGES

Change the constant value of 60 at the end of line 160 to alter
the range of the number of people in the calculation. For exam-
ple, change it to 100 and watch how fast the probability
approaches 1.

MAIN ROUTINES

120-140  Displays headings.

150 Initializes Q to 1.

160-190  Calculates probability of no duplication, then dis-
plays probability of duplication.

MAIN VARIABLES

N Number of people in the room.

Q Probability of no duplication of birthdays.
SUGGESTED PROJECTS

Modify the program to allow for leap years in the calculation,
instead of assuming 365 days per year.
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PURPOSE AND DISCUSSION

The Greek letter pi, w, represents probably the most famous
constant in mathematical history. It occurs regularly in many
different areas of mathematics. It is best known as the constant
appearing in several geometric relationships involving the circle.
The circumference of a circle of radius r is 2#r, while the area
enclosed by the circle is #r2.

Being a transcendental number, pi cannot be expressed ex-
actly by any number of decimal digits. To nine significant digits,
its value is 3.14159265. Over many centuries, man has devised
many different methods to calculate pi.

This program uses a valuable, modern technique known as
computer simulation. The name “simulation” is rather self-
explanatory; the computer performs an experiment for us. This
is often desirable for many different reasons. The experiment
may be cheaper, less dangerous, or more accurate to run on a
computer. It may even be impossible to do in “real life.” Usu-
ally, however, the reason is that the speed of the computer
allows the simulation to be performed many times faster than
actually conducting the real experiment.

This program simulates the results of throwing darts at a
specially constructed dartboard. Consider Figure 1 which shows
the peculiar square dartboard involved. The curved arc, outlin-
ing the shaded area, is that of a circle with the center in the
lower left hand corner. The sides of the square, and thus the
radius of the circle, are considered to have a length of 1.
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_

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 7r2 where r is the
radius. In our case, r =1, and the area of the entire circle would
simply be 7. The shaded area of the dartboard is one fourth of
this entire circle and thus has an area of n/4. The area of the
square is s2, where s is the length of a side. On our dartboard,
s=1, and the area of the whole dartboard is 1.

N

-—

Figure 1. The PI Dartboard
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Now the expected ratio of “hits” to darts thrown can be
expressed

RATIO= S 6 _guded atea_ x/d_ =
# thrown entire area 1 4

So we now have an experimental way to approximate the value
of =. 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 Color Computer do the
job. The program “throws” each dart by selecting a separate
random number between 0 and 1 for the X and Y coordinates of
each dart. This is accomplished by using the built-in RND func-
tion of Basic. A “dart” is in the shaded area if X2+ Y2< 1 for it.

So the program grinds away, continually throwing darts and
determining the ratio of “hits.” This ratio is multiplied by 4 to
arrive at an empirical approximation to .

HOW TO USE IT |

The program requires only one input from you. This is the
“sample size for printing,” i.e. how many darts it should throw
before printing its current results. Any value of one or higher is
acceptable.

After you input this number, the program will commence the
simulation and display its results. A cumulative total of “hits,”
darts thrown, and the current approximation to = will be dis-
played for each multiple of the sample size.

This will continue until you press the BREAK key. When you
are satisfied with the total number of darts thrown, press the
BREAK key to terminate the program execution.
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SAMPLE RUN

A DARTBOARD PI CALCULATOR

SANMPLE SIZE FOR PRINTING? 150

The operator selects 150 for the printing sample size.

A DARTBOARD PI CALCULATOR

& HITS & THROWN PI
118 3. 14666667
241 3.21333333
3.16444445
3. 11666667

3. 168

3. 19666667
3. 17333333
3. 15
3. 13185185

BREAK IN 528
ax

After 1350 darts are “thrown,” the BREAK Kkey is pressed to terminate
the run.
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PROGRAM LISTING

X
(Y 1981, PHIL FELDMAN AND TOM

140 CLEAR 200

140 T=0:1TH=0

) B &00

310 PRINTYSAMPLE STIZE FOR PRINTING? "
A20 Q=041 1A%=TNKE
a7 TE Ad="" THEN 220

340 IF ASCOASI=13 THEN 340

AE0 PRINT A% iR$=R$+AHGOTO 320

260 PRINTINF=UAL (RS INF=INT (N

270 TF NPOL O THEN 300

A0 QA=RNR{-M) IGOSUE 400

3P0 PRINT"S HITS"iTAR(S)

A00 FRINT"S® THROWN" THE(23)

410 PRINTYFIY

420 GOSUE G000 TH=THHNHIT=T+NF

430 P=4xTHAT

A40 FPRINT TABRCIYITHITABCLOY ST

450 FPRINT TaB(19) 5P

440 GOTO 420

S00 NH=0IFDOR J=1 TO NP

G100 X=RNDOD) SY=RNDOD)

520 TF (XwX+YuY )l THEN NH=NH+1

B30 NEXTIRETURN

SN0 CLSIPRINT TAR{3)Y;

A10 PRINT"A DARTEOARD PI Cal.CUL&TORY
AZ0 PRINTIRETURN

EASY CHANGES

1. If you want the program to always use a fixed sample size,
change line 310 to read

310 NP =150:GOTO 370

Of course, the value of 150 given here may be changed to
whatever you wish.

2. If you want the program to stop by itself after a certain
number of darts have been thrown, add the following two
lines:

375 INPUT“TOTAL # DARTS TO THROW”;ND
455 IF T> =ND THEN END
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This will ask the operator how many total darts should be
thrown, and then terminate the program when they have
been thrown.

MAIN ROUTINES

140-160  Initializes constants.

300-410  Gets operator input, displays column headings.
420-460  Calculates and displays results.

500-530 Throws NP darts and records number of “hits.”
600-620  Clears screen and displays program title.

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.

A$,R$ Temporary string variables.

Q Work variable.

X, Y Random-valued coordinates of a dart.

J Loop index.

SUGGESTED PROJECTS

1.

Calculate the percentage error in the program’s calculation
of pi and display it with the other results. You will need to
define a variable, say PI, which is set to the value of pi.
Then the percentage error, PE, can be calculated as:
PE =100*ABS(P — PI)/PI

The accuracy of this simulation is highly dependent on the
quality of the computer’s random number generator. Try re-
searching different algorithms for pseudo random number
generation. Then try incorporating them into the program.
Change line 510 to use the new algorithm(s). This can actu-
ally be used as a test of the various random number
generators. Gruenberger’s book, referenced in the
bibliography, contains good material on various pseudo
random number generators.
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PURPOSE

By now you have probably learned that the Color Computer
keeps track of nine significant digits when dealing with num-
bers. For integers less than one billion (1,000,000,000), the
Color Computer can retain the precise value of the number. But
for larger integers the Color Computer only keeps track of the
most significant (leftmost) nine digits, plus the exponent. This
means, of course, that there is no way you can use the computer
to deal with precise integers greater than one billion, right?

Wrong.

This program calculates either factorials or successive powers
of an integer, and can display precise results that are up to 250
digits long. By using a “multiple-precision arithmetic” tech-
nique, this program can tell you exactly what 973 to the 47th
power is, for example.

HOW TO USE IT

The program first asks you how many digits long you want
the largest number to be. This can be any integer from 1 to 250.
So, for example, if you enter 40, you will get answers up to forty
digits long.

Next you are asked for the value of N. If you respond with a
value of 1, you are requesting to be shown all the factorials that
will fit in the number of digits you specified. First you will get
one factorial, then two factorial, and so on. In case you have
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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. If you enter
zero, the program ends.

SAMPLE RUN

POMERS AND FACTORIALS

NUMBER OF DIGITS? 35

N? 98789

POMERS OF 98789
98789
9739266521
964108180343069
932432830287911443441
9498938687044343586092949
9295045834044236585265363
38761
9182482828993960880217799
8369860429

NUMBER OF DIGITS?

The operator wants answers up to 35 digits long in the calculations of
the powers of 98789. The program calculates numbers up to 987897
and then asks for the number of digits again (in preparation for the
next calculation the operator requests).
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PROGRAM LISTING

io0
110

120
130
140
150
140
170
180
185
120
200
210
230
240

REM?: FOWERS

REM: (C) 1981, TOM RUGE AND FHIL
FELDMAN

CLSICLEAR S0

FRINTUFOWERS AND FaAaCTORIALS"
FRINT

L.=250

DIM N{L+5)

INFUTUNUMEBER OF DIGITE" M
M=INT(MYITIF M-l THEN 170

TF M<1 THEN END

TMFUTYNY I

N=TNT M)

IF ML OR N=100000 THEN 190
F=01TF N=1 THEN F=1

IF F=1 THEM FRINT"FACTORIALSY
TF F=0 THEN FRINT"FOWERS QF"IN
T=l01K=13IN0 =N

FOR J=0 TO M

IF WOYET THEM 300

QuINT NI AT IW=NGD) -Q%T

NG =RINGIE DY =N+ L +Q

MNEXT

Ml

TF HODY=0 THEM J=J-1360T0 320
IF Je==M THEN 300

D=0 tPRINT KiTaE(AY 3
NE=STRS (N Y IMN$=RIEGHTS (N%, 12
REZ RN

IF D25 THENM DL--. SFRINTIFRINT TaAR(LY
PRINT MN$:tJd=d-1

IF Jw=Q TP‘LN 3 KL

NN+ F

(+1 L FRINT

FOR J=0 TO MIHG=NOYRNINEXT
GOTO 240

FOR J=1 TO L+SINCJy=0INEXT
M=QiN=0FRINTICOTO 170
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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. Toclear the screen before the output begins being displayed,
insert this line:

215 CLS

3. If 250 digits isn’t enough for you, you can go higher. For
500 digits, make this change:

150 L =500

You need a 16K computer to go over 300 digits or so.

MAIN ROUTINES

120-160
170-240

250
260-300

310-320

330

340-390

400-410
420-430

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

N
M
N

Array in which calculations are made.

Number of digits of precision requested by operator.
Starting value. If 1, factorials. If greater than 1,
powers of N.

Set to zero if powers, 1 if factorials.
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T Constant value of 10.

K Counter of current power or factorial.

J Subscript variable.

QW Temporary variables used in reducing each integer
position in the N array to a value from 0 to 9.

D Number of digits displayed so far on the current line
(maximum is 25).

N$ String variable used to convert each digit into dis-
playable format.

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 a series of subroutines that can add, subtract, multi-
ply, divide, and exchange numbers in two arrays, using a
technique like the one used here. Then you can perform
high precision calculations by means of a series of GOSUB
statements.
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PURPOSE

Remember the Pythagorean Theorem? It says that the sum of
the squares of the two legs of a right triangle is equal to the
square of the hypotenuse. Expressed as a formula, it is a2 + b2
=c2, The most commonly remembered example of this is the
3-4-5 right triangle (32 + 42 = 52). Of course, there are an infinite
number of other right triangles.

This program displays integer values of a, b, and c that result
in right triangles.

HOW TO USE IT

To use this program, all you need to do is RUN it and watch
the “Pythagorean triplets” (sets of values for a, b, and c) come
out. The program displays thirteen sets of values on each screen,
and then waits for you to press any key (except BREAK) before
it continues with the next thirteen. It will go on indefinitely until
you press the BREAK key.

The left-hand column shows the count of the number of sets
of triplets produced, and the other three columns are the values
of a, b, and c.

The sequence in which the triplets are produced is not too ob-
vious, so we will explain how the numbers are generated.

It has been proved that the following technique will generate
all primitive Pythagorean triplets. (“Primitive” means that no
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set is an exact multiple of another.) If you have two positive in-
tegers called R and S such that:
1. R is greater than S,
2. R and S are of opposite parity (one is odd and the other is
even), and
3. R and S are relatively prime (they have no common integer
divisors except 1),
then a, b, and ¢ can be found as follows:
a=R?-8§?
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 (starting at R — 1 and then decreas-
ing) and then adds one to R and continues. So, the first set of

triplets is created when R is 2 and S is 1, the second set when R is
3 and S is 2, and so on.

SAMPLE RUN

PYTHAGOREAN TRIPLET.
COUNT -A- -B- ==

3 4 5
S 12 13
rd 24 25
13 8 17
9 40 41
21 26 29
i1 60 61
33 12 37
13 84 85
33 96 65
45 28 53
135 112 113
39 80 89
PRESS A XEY TO GO an

The program shows the first screen of Pythagorean triplets.
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PROGRAM LISTING

100 REM! FYTHAG
110 R 1981, TOM RUGE AND FHIL

120
130
LED
180
190

200 B
~~--l'1>(‘l\f S5¥8
T&IQT KeTaBREZ)sai TaR (L4

i FRINT B?Tﬁﬁ(21)§F
K=H4+1iD=D+13G0TO 400
(o4

.ﬁﬁ THEN R=R+1:1G0TD 180

uD YHFV 300

f*w Li81=RLIGOTO 2460

IF 51<x1 THEN 240

GOTO 190

CLS

PRINT"FYTHAGOREAN TRIFLETS"
FRINTUCOUNT" STARCZ ) s —A-" ]
PRINT TaBd14) 3" -B-"3

FRINT TAR(Z1)3"-C-"IRETURM
IF D13 THEN 240
FRINTUFRESS A& KEY TO GO ON"3
ITF LENCINEEY®)=0 THEN 420
GUSHE a5

N

[UTU 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 13 in line 400 to a 10,
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for example. You probably won’t want to try a value greater
than 13, since that would cause the column headings to roll
off the screen.

To make the program continue without requiring you to
press a key for the next screen of values, insert either of
these lines:

405 GOTO 430
or
405 GOTO 440

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

Initializes variables.
Displays the title and column headings.
Calculates first value of S for current R value.

190-210  Calculates A, B, and C.
220-230  Displays one line of values. Adds to counters.
240-245  Calculates next S value. If no more, calculates next

R value.

250-300 Determines if R and S are relatively prime.
350-390  Subroutine to display title and column headings.
400-460  Checks if screen is full yet. If so, waits for key to be

pressed.

MAIN VARIABLES

R,S See explanation in “How To Use It.”

K Count of total number of sets displayed.

D Count of number of sets displayed on one screen.
A,B,C Lengths of the three sides of the triangle.

S1,B1, Used in determining if R and S are relatively prime.
RI,N

SUGGESTED PROJECTS

1.

In addition to displaying K, A, B, and C on each line, dis-
play R and S. You will have to squeeze the columns closer
together.



PYTHAG 317

2. Because this program uses integer values that get increas-
ingly large, eventually some will exceed the Color Com-
puter’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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PURPOSE

If you have Extended Color BASIC on your Color Com-
puter, you can use the PLAY command to play music. But if
you only have “regular” Color BASIC, you can’t play a tune
quite as easily. This program allows you to experiment with
some simple computer tune-playing, whether you have Ex-
tended Color BASIC or not.

HOW TO USE IT

As shown in the Program Listing, TUNE currently plays a
familiar portion of the Blue Danube waltz. We’ll explain how to
enter other tunes in a moment.

When you RUN the program, it displays the title of the pro-
gram at the top of the screen and immediately begins playing its
tune. Of course, you have to be using a television with a
speaker, and its volume control needs to be set loud enough for
you to hear the music.

As each note is played, a graphics point (actually a small rec-
tangle) is plotted on the TV screen, starting from the left and
moving to the right. The vertical position of the point corre-
sponds with the pitch of the note—high notes are near the top,
and low notes near the bottom. No distinction is made between
sharps, flats, and naturals during this display. For example, F
sharp and F natural both have the same vertical position. If the
tune has more than 64 notes, the display goes to the right edge
of the screen and begins overlaying the notes at the left edge.
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This graphics display gives you something to watch while the
tune is being played, and for many tunes it clearly shows you the
patterns and symmetry that make music enjoyable.

After you get tired of hearing the Blue Danube, you will un-
doubtedly want to enter some tunes of your own choosing. With
only a little musical training, you can translate a simple piece of
sheet music into the notation needed by this program. We may
be crazy, but we think we can give you enough of an introduc-
tion to reading music in the next few paragraphs that you will be
able to figure out how to understand simple musical notation
and copy a tune into this program. For more details on reading
music, refer to an introductory music text.

First, turn to Appendix A of your Getting Started With Color
BASIC manual. The main thing to learn from Appendix A is
the name for each musical note. We will refer to the lowest full
octave (notes A through G, or tone numbers 58 through 147) as
octave 1. The next one above that will be octave 2, and so on up
to octave 4 (which stops at E, tone number 244). The lowest
note is F of octave 0 (tone number 5). You may want to mark
these octaves in pencil in your manual by drawing a line extend-
ing downwards between the G of one octave and the A of the
next. Then write the octave number underneath the center of
each octave. An octave is actually eight notes, such as A
through A, but for our purposes here we will think of an octave
as seven notes (A through G).

Each of the notes shown in Appendix A is a quarter note. A
quarter note is represented by a solid black oval (note-head)
with a “stick” (stem) attached. The most common notes in most
music are whole notes, half notes, quarter notes, eighth notes,
and sixteenth notes. The duration of each of these notes,
relative to the others, is just as you would expect from their
fraction-like names. For example, a quarter note lasts twice as
long as an eighth note, but only half as long as a half note.

A half note looks like a hollow quarter note (i.e., an oval on a
stick). A whole note is an oval with no stick. An eighth note
looks like a quarter note with a flag on the stick, and a sixteenth
note has two flags. If two eighth notes or sixteenth notes are
next to each other, they are usually connected by one or two
bars, respectively, rather than having individual flags.

A chord is several notes played simultaneously. It looks like a
stack of ovals on one stick. Since our computer cannot play
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chords, we will have to simply play the top note on the stack
when we encounter a chord. This is the simplest way to follow
the melody like a one-finger piano player.

And now a word about sharps and flats. The white keys on a
piano are the natural notes. The black keys are the accidentals
(sharps and flats). On a musical score, sharps are indicated by
the pound sign (“#”), and flats by a symbol that resembles a
lower case “b.” Naturals are assumed when neither the sharp or
flat symbol is used. When a particular note is always sharp, for
example, in a tune, this is indicated at the far left of the musical
staff (the five parallel lines upon which the notes are drawn),
rather than next to every occurrence of the note. This applies to
any octave the note is played in. For example, if F sharp is in-
dicated at the left of the staff, all F’s are sharp, whether on that
same line of the staff or not. When an F should be a natural in-
stead of a sharp, the natural symbol is used next to the F. The
natural symbol is drawn in various ways, but generally looks
like a little rectangle.

With these fundamentals in mind, let’s look at how we enter
music into the TUNE program. The DATA statements that rep-
resent the tune to be played are located between lines 600 and
9990 of the program. To enter your own music, delete those
lines so you can begin entering yours. Leave lines 600 and 9990
as they are, but delete all lines between them.

For each note of your tune, the computer needs to know two
things: the note to be played and its duration. The DATA
statements you enter after line 600 provide this information.
Each entry you make is separated by commas, and can indicate
either a duration, a note, or a rest.

The first thing you must provide is a duration. All subsequent
notes will be played for this duration until you change it, to
keep you from having to enter a duration indication for every
note when many in a row are the same. The duration is specified
by a number, indicating the number of time units to play the
note. So, “1” indicates a note to be played for one time unit, “8”
indicates eight time units, etc. These numbers must be integers.
We know how long each type of note should be played in rela-
tion to the others (e.g., a whole note is twice as long as a half
note), so we can choose whatever number of time units we find
most convenient as a starting point. The best way to determine
how many time units to assign to each type of note is to look for



322 TRS-80 Color Programs

the shortest note in the tune. If it is an eighth note, then use 1 to
indicate an eighth note, 2 for a quarter note, 4 for a half note,
and 8 for a whole note.

Unfortunately, this scheme is complicated by something
called a dotted note. A dotted note is shown by a dot immedi-
ately after the note, which indicates that note should be held for
one and one-half times its normal length. For example, if a half
note is being held for 4 time units, then a dotted half note would
be held for 6 time units. This seems simple enough, but what if,
as before, an eighth note is the shortest note in the tune, and
there are also some dotted eighth notes? If the eighth note is
held for one time unit, then the dotted eighth needs to be held
for 1.5 time units. Our program doesn’t allow fractional dura-
tions, so we need to double our time unit assignments. This way
we can use 2 for an eighth note, 3 for a dotted eighth note, 4 for
a quarter note, 6 for a dotted quarter note, 8 for a half note, etc.

Now that we know how to express the duration of each note,
how do we say which note it is (i.e., its pitch)? This is done by
entering two or three characters for each note, which have the
following meanings. The first character says which note it is (A
through G). The second character says which octave it is in (0
through 4, as explained earlier). The third character, if present,
says if the note is a sharp or flat. The plus sign indicates a sharp,
and any other character indicates a flat. Using a minus sign for a
flat is recommended. If the third character is absent, the note is
a natural (neither sharp nor flat).

One other type of entry is possible in the program. If the first
character is an R, it means to rest, or make no sound. When this
happens, the remaining one or two characters indicate the
number of time units to rest. So R4, for example, means to rest
for four time units, and R16 means to rest for 16 time units.

That covers all the rules. All you need to do is enter the
DATA statements for your tune after line 600. It is generally a
good idea to leave some space between your line numbers, in
case you discover later that you need to add some more lines.
Starting with line 610 or 620, and adding 10 or 20 for each new
line number is a good approach.

To help you out, here is a short example. On page 52 of Ger-
ting Started With Color BASIC (first or second printing) you
can find two bars of “Three Blind Mice.” If we decide to assign
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one time unit to an eighth note, here are the DATA statements
to use:

610 DATA 2,E1,D1,C1,R2

620 DATA Gl1,1,F1,F1,2,E1,R2
Note that we used a separate DATA statement for each bar (or
measure, the space between two vertical lines on the staff),
which helps keep things organized in case we have to go back to
fix a mistake.

There is a great deal more about music that we cannot cover
in this limited space, but we hope this introduction has been
enough to get you going. Be sure to read the Easy Changes sec-
tion of this chapter to see several useful modifications you can
easily make.

SAMPLE RUN

The program begins playing its tune and displaying a block for each
note sounded.
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PROGRAM LISTING

100
110
120
200
210
?30
2410
me )

[~
255

2460
270
280
290
300
310
320
330
340
350
3460
370
aa0
290
400
410
420
430
4440
450
460
470
ano
510
G20
530
l:",{{n
5E0
H40
=570
580

560
400

REM: TUNE

REM: (C) 1981, TOM RUGE AND FHIL FELDMAN
CLEAR 200:GOSUR 350

READ THEITF Té="X'" THEN END
Fe=LEFTH(TH,1)

IF F8="G" THEN 400

IF F&U"A" THEN 300
JEASCIF$)Y 463

JEJETR VL MIDS(TH,2))~1)
SET(X,30~J,0)

X=X4+11IF X463 THEN X=0
L=LENCTHYITF L2 THEN 320
SOUND NG D

GOTO 200

D=UALCTEY ITF D=0 THEN 460
L=TxDIGOTO TUG

IF MID®E(TS, 30" THEN 340
SOUND Sy ,De bOiU 200

SOUND S4J-10,DIGOTO 200

DIM NCG27),5027)
CLE(0Y S T=23X=030=0

FRINT TaBCLZ) 5 TUNExx"

FOR J=0 TO Z7IREAD NGB INEXT
FOR JMU TO 27 tREAD SCJ) INEXTIRETURN
IF F&O="RY THEN 440
LﬁUﬁL(hLDi(T$¢2)}

IF L=0 THEN 480

Lo=Txl

FOR W=1 TO 3J30xLINEXT

GOTO 200

FRINT T4 "xxlLLEGAL XX

END

DATH 1,32,ﬂ3,?3,69 108

DATA 125,133,147, 3W?,J?0,1?6
DATA 185,193,197 ,204,210,2146

DATH 218,73 172 EET, ”:h.h 346

DATE 23E p £A2 244
DHYH l.‘? ’{'-,u{?,f}” “l;.l.["

nl"(T(Al .|. 3’}} I. 'l([o I'k.-".)yj.(f)..l,.l..oyuy 1;.}0
DATA 18%9,197,200,207,213,21¢
DATﬁ M{IQ;&T,*”?,”WI.E?G,X?K
REMMXTUNE FDLLDNS



TUNE 325

FIOODATA D

Qewn I

DaTs
NaETA
DaTH
DATA
DATA
DATH
NATH

DATH

aTdE X

H

L
e REMD BLUE DaNUBE

EASY CHANGES

1.

To change the tempo (speed) of the tune, change the value
of T in line 360. Larger values cause all the notes to be held
longer, slowing down the tune. To experiment, it is easiest
to change T by inserting line 365. For example, to make the
tune go faster, insert:

365 T=1
To make it go slower, use:
365 T=3 or 365 T=4
Instead of having the graphics display overlay itself after 64
notes of a tune, you can make the screen go black before
starting over at the left with this change:
260 X=X+ 1:IF X>63 THEN X =0:CLS(0)
To display the DATA value for each note as the computer is
playing the tune, insert:
205 PRINT T8$;“,”;
To eliminate the graphics display of each note, delete line
255.
If you would rather use the conventional musical symbol for
a sharp instead of a plus sign, replace the plus symbol in line
320 with the “pound sign” (“#”).
If you would rather use some color other than “buff” in the
graphics display for each note, change the value of C in line
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360. For example, to display blue instead of buff, set C
equal to 3.

7. To get a multicolored display as different notes of the scale
are played, insert:

245 C=J-1

8. To display the title of the tune, insert line 375. For example:

375 PRINT TAB(10); “BLUE DANUBE”

9. To cause the program to ignore the tune in the DATA
statements and instead play random music in the key of C
until you press the BREAK key, make these changes:

200 T$=CHRS$(RND(7) +64) + CHR$(RND(3) + 48)
205 D=RND(8)

MAIN ROUTINES

120
200- 340
200
210- 230
240- 250

255
270- 290

300- 310

320- 340

350- 390

400- 450
460- 470

500- 590
600-9989
9990
9999

Calls subroutine to initialize variables and display
title.

Reads and interprets the next tune element.

Reads the next tune element. Checks for end.
Examines first character; determines which type of
entry it is.

Determines which note is to be played, based on first
2 characters.

Displays graphics point based on note played.
Determines if note is a natural. Plays it if so and
goes back for next note.

Processes numerical tune element (changes
duration).

Determines if non-natural note is sharp or flat.
Plays it.

Subroutine to initialize variables, display title, store
tone numbers.

Processes “rest” (silent) element.

Displays message and ends program if an illegal ele-
ment is found.

DATA statements with values for N and S arrays.
DATA statements with tune elements to be played.
DATA statement indicating end of tune.

Remark statement identifying the tune’s title.
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MAIN VARIABLES

TS Tune element indicating note, duration, or rest.
First character of tune element.

Work, loop, and subscript variable.
Horizontal position of graphics point.

Color of graphics point.

Length of tune element; also, length of rest.
Array of natural notes.

Duration of note to be played.

Tempo indicator (how fast to play tune).
Array of sharp and flat notes.

Work variable to count time delay for a rest.

£UHUZEOX=T

SUGGESTED PROJECTS

1. Revise the program to compose melodies, rather than sim-
ply play tunes that you enter. Use Easy Change #9 as your
starting point, but insert statements to cause “organized”
music to be played (with rhythm and harmony) instead of
random music.

2. Draw a graphics piano keyboard on the video display, and
indicate which key is being “played” as each note is sounded.

3. Draw a musical score on the video display and graphically
draw each note as it is played.



Appendix

Memory Usage

Each of the programs in this book will fit in a TRS-80 Color
Computer with 16K of RAM (user memory). All work with
either (standard) Color BASIC or Extended Color BASIC.

The majority of the programs will also fit in a TRS-80 Color
Computer with only 4K of RAM. Each program which will not
fit in 4K has an indication in the first line of the Program List-
ing to tell you that 16K is required.

For your convenience, here is a list of all the programs that
will not fit in 4K.

Applications: DECIDE, MILEAGE.
Educational: ARITHMETIC, METRIC.
Games: JOT, WARI.

Graphics: WALLOONS.

Mathematics: CURVE, STATS.

GENERAL NOTE-If you have Extended Color BASIC, you
may need to enter the command PCLEAR 1 before running some
programs (e.g., CURVE) in order to avoid an Out of Memory error.
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Errata Offer

All of the programs in this book have been tested carefully
and are working correctly to the best of our knowledge. How-
ever, we take no responsibility for any losses which may be suf-
fered as a result of errors or misuse. You must bear the responsi-
bility of verifying each program’s accuracy and applicability for
your purposes.

If you want to get a copy of an errata sheet that lists correc-
tions for any errors or ambiguities we have found to date, send
one dollar ($1.00) and a self addressed stamped envelope
(SASE) to the address below. Ask for errata for this book (by
name). We hope we won’t have any errors to tell you about, in
which case we’ll try to send you some other worthwhile informa-
tion about the Color Computer.

If you think you’ve found an error, please let us know. If you
want an answer, include a SASE.

Please keep in mind that the most likely cause of a program
working incorrectly is a typing error. Please check your typing
very carefully before you send us an irate note about an error in
one of the programs.

Tom Rugg and Phil Feldman
Errata— TRS-80 Color Programs
P.O. Box 24815

Los Angeles, CA 90024
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Looking for something to do with your
TRS-8C? Here are 37 fuly documented
programs ready to type into your Color
Computer. These programs promise 1o
e educational, practical and in amost
all cases, fun. Aiso included is a special
color section which illustrates how pro-
grams will look on a colored screen.

Tom Rugg and Phil Feldman are experi-
enced programmers with a long stand-
ing association with the microcomputer
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