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This course is designed to cover advanced
BASIC commands and concepts for the

CON I Iil I :; Commodore 128, Plus/4 and C16 computers.

This third book in the Programming Course
consists of two parts:

1. A self-study text of 11 units, each cover-
ing commands not covered in the first
two books that focus on the C64.

2. One diskette, containing programs
designed to run on all three computers,
or specifically on the C128 or Plus/4 and

C16.
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INTRODUCTION

This book reviews the advanced BASIC
languages that go beyond the scope of
Commodare 64 BASIC 2.0. In the first two
books, you learned about programming
with the commands available on the Com-
modore 64. But updated, more advanced
versions of the BASIC language that include
the old BASIC commands plus additional
new keywords are being used in the newer
Commodore computers. Introduction to
Advanced BASIC Commands and Concepts
goes beyond the scope of Commodore
BASIC 2.0 by presenting the keywords used
in the newer Commodore computers. Many
of the new commands in BASIC 3.5 (for the
Plus/4 and C16)and BASIC 7.0 (for the C128)
add versatility to your programs-saving
you time and increasing what you can do
with your computer.

This volume  will:

+ teach you the new, advanced BASIC
commands

+ demonstrate the power of these com-
mands on your computer

+ help you design programs which incor-
porate these commands

Some of the topics explored related to the
new commands are:

+ structured programming
- formatting output
» the use of windows

+ advanced data input

» screen editing

« graphic design

« sprites

+ sound and music

+ other advanced techniques

There are also experiments in each chap-
ter, designed to help you apply what you
learned about the new commands and
concepts to programs or exercises. These
hands-on experiments will increase your
understanding as you use the new informa-
tion in actual programming situations and
problem-solving.  Of course, if you need a
little help, the answers are in the appendix.

Some discussions in the book may
apply only to a certain version of BASIC or a
certain computer. The section on Sprites, for
example, discusses BASIC 7.0 commands
available only on the C128. Other topics,
such as music, are tailored to your specific
Commodore computer. Most concepts and
commands, however, are relevant to all
three computers, the C128, the Plus/4 and
the C16. A machine-specific  topic or com-
mand is designated by a stripe on the upper
corner of the page. Look for this stripe to see
if the concept being presented relates to a
specific computer: a black stripe for BASIC
7.0 and the C128; a gray stripe for BASIC
3.5 and the C16 and Plus/4. If there's no
stripe, the material is relevant for all three
computers.

For your convenience, this book in-
cludes a separate disk containing quiz and
demonstration programs and also many of
the longer programs listed in the text.
Because of the differences between differ-
ent versions of BASIC, you'll find certain
programs don't run on your machine. Cer-
tain programs have two versions, one for
the C128 and one for the Plus/4 and C16.
The latter programs appear with a "/4"
tacked on the end of the program name.
Programs without the extra" /4" run either
on the C128 alone, or all three computers.

Whatever computer you have, this
book will help you understand some of the
new commands and concepts of Commo-
dore BASIC.



UNIT 1:

Structured
Programming

This unit introduces commands to help you
improve the structure of your programs. These
allow you to better organize your programs
sequentially, keeping different subroutines in
the order they are used in your program. Struc-
tured programs are easier to follow (particularly
when using flow charts) and mistakes are easier
to track down. Commands reviewed in this unit
that improve structure are DO/LOOP, the ELSE
clause and BEGIN/BEND.



DELAYS

Type in this short program, then RUN it
to see what happens. Pressthe RUN/STOP
key when you've seen enough.

10 X=X+1:PRINT X

20 PRINT'[HOME llsHIET] and s"
30 PRINT'[HOME 1ISHIFTland Q"
40 GOTO 10

At the speed this program is being exe-
cuted, it's hard to tell exactly what's going
on. One of the uses for loops isto create a
delay, to slow down the speed of execution
of certain parts of a program. Usually, an
"empty" FOR/NEXT loop is used to slow
execution. This isa FOR/NEXT loop that
does nothing but count a variable to slow
down the execution of a program. You can
see what this delay loop does by adding this
line to that program:

25 FOR N = 1 TO 100:NEXT N

BASIC 7.0 contains a command designed
specifically for the purpose of slowing pro-
gram execution, the SLEERommand. Inone
simple statement, yau can create a delay
just by instructing the computer to SLEEP
followed by a value corresponding to the
time in seconds for the delay. You saw what
a difference the empty FOR/NEXT loop
made. Using the SLEERommand, you can
create a comparable delay of one second
by replacing line 25 with:

25 SLEEP1

You can see how important delays can be
by comparing the program with and without
line 25. Without the delay, the heart barely
flickers and the counter numbers fly by.
Delays using the FOR/NEXT loop and the
SLEERommand give you control over the
speed of what happens on the screen.
You'll notice delay loops turning up in a lot
of programs in this section (and the rest of
the book).

LOAD the program COLORCHANGE*
from your disk. This program features the
COLORcommand. COLOR is used to change
the background, border, character or sec-
ondary colors. COLOR s followed by two
numbers, the first specifying what isto be
changed (4 for border, O for background, 5
or 1for character*), the second correspond-
ing to the new color (1 for black, 2for white,
3for red, etc., according to the color keys).
The COLOR command for the Plus/4 and C16
can use a third number to change the lumi-
nance, or brightness, of the color. This
number can be between 0 (dark) and 7
(light). The program first cycles through the
16 different colors for the screen border,
then the 16 colors of the background, and
finishes by printing characters in all the
available colors. The only thing wrong is
that you'd never know it, because the pro-
gram doesn't have any delays to slow things
down. When you RUN the program, the
color changes whiz right by.

(a) Add an empty FOR/NEXT LOOPor a
SLEERtatement to slow down the
changing border colors.

(b) Add a second delay to slow down the
changing background colors.

(c) Add a third delay to slow down the
changing character colors.

* Experiment 1.1 Completed
*Note: Change line 110to read: 110

COLORI ,X,4 to RUN this program on a
Plus/4 or C16.

DO/LOOP

DO and LOOP statements can only be
used in a program and must always be used
in conjunction with one another. The state-
ments following the DO statement are car-
ried out; upon encountering the statement
featuring LOOP, control is transferred back
to the DO statement for the sequence to be
run again. The Simplest form of DO/LOOP:

( START )

10 DO
20 PRINT "ONE MORE TIME"
30 LOOP

This loop continues indefinitely  (until you
press RUN/STOP), and is not all that useful.
But combined with an additional clause,
UNTIL or WHILE, the DO/LOOP becomes a
powerful and versatile programming tool.
The UNTIL clause specifies a condition that
must be met so that execution of a program
can go beyond the loop. The steps within

the loop are carried out over and over UNTIL
the condition in the clause is met. DO UNTIL
X = 10is an example of one such condition.
Change line 10to include the UNTIL clause:

10 DO UNTIL X=10:X=X+1

The WHILE clause is quite similar, where the
loop is repeated only WHILE that condition is
true.

10 DO WHILE X<10:X = X + 1

Trace what happens in the following pro-
gram with each loop, calculate the loop
variable, and predict how many loops will
be completed before the program satisfies
the UNTIL condition. Then RUN the program
to see if you were right.

Al

A=A+1

A=As2

PRINT A

10 DO UNTIL A>I00

20 A=A+l

30A=A*2

40 PRINT A

50 LOOP

60 PRINT "A = ";A;"AT END"

The WHILE statement works Similarly,
executing the statements within the loop
only while the condition istrue. Which

WHILE statement would give you the same
result?

10 DO WHILE A>I00
10 DO WHILE A<I00
10 DO WHILE A<>I00

Try each to see how the results relate to the
UNTIL clause.



THE ELSE CLAUSE

The IF/THEN statement was introduced in
Introduction to Basic, Part 2 of this set. To
expand on what you can do with this state-
ment, advanced BASIC language contains a
related clause, ELSEWhen the condition in
the IF statement is not met, rather than
control passing to the next line in the pro-
gram, the ELSEclause establishes an action
to be carried out (as the THEN clause would
be executed with a true IF statement).

5 INPUT "AGE";X

10 IF X> =80 THEN PRINT
"OCTOGENARIAN"

20 IF X<80 THEN PRINT
"YOUNGSTER"

( SWIART )

WITHOUT
ELSE
CLAUSE

PRINT
"OCTOGENARIAN"

The ELSEclause can direct execution

to
another part of the program (to a subroutine

or another line), assign a value to a varia-
ble, etc. In a line featuring an IF/THEN

statement, the ELSEclause is preceded by a

colon (:), as in

10 IF X> =80 THEN PRINT

"OCTOGENARIAN":ELSE = PRINT

"YOUNGSTER"

The ELSEclause used properly can both

END

Simplify and tighten the organization of a
WITH ELSE
CLAUSE
PRINT
“"OCTOGENARIAN",

¥

END

program. The following program utilizes
ELSEclauses in a boxing simulation that
scores point totals for rounds for two
fighters. Here are the details:

« There are two boxers, a challenger and
champion. There may be a handicap,
giving one boxer an advantage over the
other in scoring.

» The scoring for the fight is based on a
ten-point total round scoring system.
There are ten points total awarded to
both fighters in each round, according to
performance. If a fighter dominates a
round, he gets more points (7 or 8) to his
opponents lesser total (3 or 2). An even
round is scored 5 points for each fighter.

« A knockout can be scored one of two
ways: when a fighter gets all the points
in a round or when one boxer's cumula-
tive total far exceeds that of the other
combatant.

Let's look at some of the individual
tasks and what steps are specifically in-
volved to set up the program.

ESTABLISH FIGHTERS
SETUP HANDICAP
SETUP SCORING SYSTEM*

EVALUATE SCORE * IF/THEN:ELSE

clauses

DISPLAY OUTCOME *

This program features seven possible out-
comes:
1- The fight is a draw

2-Champion wins on points
3-Challenger wins on points
4-Champion wins by knockout
5-Challenger wins by knockout

6--Champion  wins by technical
knockout (TKO)

7-Challenger wins by TKO

L FIGHTERS AND j
HANDICAPS

!
[[ROUND POINTS GENERATED |
RANDOMLY |

i (INT (10
| RND {0} + HANDICAP) )
[ romts=10-
| RANDOMLY GENERATED

POINTS

—~ N
/’-f.uocmour

ROUTINE

DOES T
POINTS + OR —
HANDICAP =
OR 10

CALCULATE
AND PRINT SCORES

DOES A
EITHER TKO
BOXER HAVE ROUTINE

20 POINTS,

ROUND =
ROUND + 1
I—

It could get pretty messy in specifying
who won the fight and how, particularly
with the "handicap" variable that gives one
fighter the scoring advantage over the
other. There are three possible responses
for the handicap variable, each of which
affects the scoring.

An even fight (with no handicap) does
not necessitate any scoring adjustment. A
knockout is scored when one fighter wins a
round by getting all the points, which is
determined by the random number and
won't happen too often. But if a fighter is
handicapped -1, there is no possibil ity of a
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knockout unless an adjustment is made,
since even if he wins all 10 points, 1 point is
automatically subtracted from his score.
Also, the + 1handicap boxer has an even
greater chance of a knockout since one
point is always added to his score. To even
things out as far as knockouts without add-
ing too many confusing statements, we can
use the ELSEtatement. This program, enti-
tled "BOXING", can be found on your pro-
gram disk.

5 REM*™**SET VARIABLESFOR
BOXERSNAMES, HANDICAP,
SCORING AND ROUND

10 INPUT'"NAME OF CHAMPION";AI$

20 INPUT"NAME OF CHALLENGER";
BI$

30 PRINT"HANDICAP (+ 1 FOR "Al$"
ADVANTAGE, -1 FOR "BI$", 0 FOR
EVEN)"

40 INPUT HA

50 PRINT"SCORING ISON A 10-
POINT SYSTEM"

60 PRINT,AI$,BI$

70 FORHH=l TO 15

80 PRINT"ROUND ";HH

88 REM******ROUND SCORING******
90 TS=INT(10*RND(0)) + HA

100 TP= 10-TS

105 REM***JUDGE FOR KNOCKOUT***
110 IF TS-HA> = 10 OR TP+ HA> = 10

THEN 235

120 IF TS>= 10 OR TP>= 10 THEN 235
130 PRINT" "TS,TP

135 REM********TOTAL SCORE********
140 F= F+ TS

150 G=G+TP

160 PRINT" CHAMPION
CURRENTL¥ ";F-G

165 REM*****JUDGE FOR TKO******
170 IF F-G>20 OR G-F>20 THEN 225
175 GETKEYAS$:

180 NEXT HH

185 REM*****FINAL ~ SCORING™******

190 PRINT "FINAL POINT TOTALS
“AI$; F,BI$; G
195 REM*********DECISION*********

200 IFF=G THEN
PRINT"DRAW":GOT0240

210 IF F>G THEN PRINT"THEWINNER
IS ";AI$:ELSE PRINT"THEWINNER
IS ";BI$

220 GOT0240

225 |F F>G THEN PRINT Al$" WINS
ON A TKO"ELSE PRINT BI$"
WINS ON A TKO"

230 GOTO 240

235 |IF TSSTPTHEN PRINT Al$"
KNOCKS OUT "BI$:ELSE
PRINTB1$" KNOCKS OUT "A1$

240 END

Lines 110and 120are checking for a possi-
ble knockout. When the IFclause in either
line istrue, the program jumps to a later
subroutine to evaluate for the knockout.
Line 170checks for a technical knockout,
comparing the totals established in lines 140
and 150. If neither outcome occurs, the fight
lasts 15 rounds. After 15rounds, the point
totals are compared and a winner isde-
clared. Lines210, 225 and 235 use the ELSE
clause to evaluate the fight and declare the
winner.

Glossary

A1$-Champion's  name
B1$-Challenger's name
HA-Handicap

HH-Round number
TS-Champion's score in a round
TP-Challenger's  score in a round
F-Champion's cumulative total
G-Challenger's  cumulative total

Extending the IF/THEN:ELSE-BEGIN/BEND

BEGIN/BEND allows you to extend
THENand ELSElauses. Often a single pro-
gram line is not enough to do all you want
to do in a THENor ELSElause. Without
resorting to directing execution elsewhere,
BEGIN/BENDgives you the ability to
lengthen these clauses. When you add on
these statements, you can expand the THEN
or ELSE-typeclauses to include several pro-
gram lines. BEGIN/BEND can be added to
the THENCclause to let you add an unlimited
number of statements. The additional state-
ments are carried out when the IFclause is
true, until the BENDstatement is encoun-
tered. BEGIN/BEND can also be added to
the ELSElause for the same effect of ex-
tending the statements performed when the
IFstatement isfalse. Here's an example that
counts pennies, featuring THENBEGIN
clauses in lines 40-50,60-70 and 110-140
and ELSBEGINin lines 140-150.

10 PRINT "| SHIFT] and [HOME]":
PRINT" PENNY SAVER"

15 PRINT ":PRINT ™

20 PRINT"HOW MANY DAYSOF THE
WEEK"

30 INPUT " DO YOU PLAN TO
SAVE",D

40 IF 0>7 THEN BEGIN:PRINT "THERE
ARE ONLY 7 DAYSIN A WEEK"

45 IF D=8 THEN PRINT "DESPITE
WHAT THE BEATLESSAY"

50 PRINT "TRY AGAIN":GOTO
20:BEND

60 IF D<1 THEN BEGIN

65 PRINT "YOU SHOULD PUT
SOMETHING AWAY FOR A RAINY
DAY"

70 GOTO 50:BEND

80 PRINT"HOW MANY PENNIES"

90 INPUT" DO YOU PLAN TO
SAVE";M

100 PRINT ™

110 IF M>O THEN BEGIN: M1 = (M*D)

120 M2=M1*52

130 PRINT "down cursor four times
YOUR YEARLY SAVINGS SHOULD
BE"; M2;"PENNIES"

140 BEND: ELSEBEGIN: PRINT "AT
THIS RATEYOU WON'T SAVE AN
PENNIES"

150 PRINT "AND A PENNY SAVEDIS
A PENNY EARNED":BEND

160 INPUT "down cursor four times
DO YOU WANT TO STARTAGAIN
(YIN)";A$

170 IF A$ = "Y" THEN GOTO10:ELSE
END

You can see in lines 110-150, for example,
how much more BEGIN/BEND lets you add
to IF/THEN ELSEstatements. The BEGIN/
BENDstatements can make certain subrou-
tines unnecessary and make the organiza-
tion more straight-forwcrd, as well as
increase what you can do in a THENor ELSE
clause.

Returning to the BOXING program, we
can use BEGIN/BEND to extend the IF/
THEN/ELSEclauses that are used to declare
the winner to make a more elaborate ring
result. The following three sections use
BEGINand BENDin both THENand ELSE
clauses to give the ring announcer a little
more to say.

210 IF F>G THEN BEGIN

212 PRINT "AFTER 15 ROUNDS, ON A
JUDGES DECISION"

214 PRINT "THE WINNER AND STILL
CHAMPION-";A1$:BEND

216 ELSEBEGIN:PRINT"AFTER 15
ROUNDS, ON A JUDGES
DECISION"

218 PRINT "THE WINNER AND NEW
CHAMPION-";BI$:BEND

225 IF F>G THEN BEGIN

228 PRINT "ON A TECHNICAL
KNOCKOUT IN ROUND ";HH

230 PRINT "THE WINNER AND STILL
CHAMPION-";A  1$:BEND

232 ELSEBEGIN:PRINT"ON A
TECHNICAL KNOCKOUT IN
ROUND ";HH

234 PRINT "THE WINNER AND NEW
CHAMPION-";B1$:BEND

235 IF TSSTPTHEN BEGIN

236 PRINT "THE WINNER BY A
KNOCKOUT IN ROUND ";HH



237 PRINT "STILL CHAMPION-
";AI$:BEND

238 ELSE BEGIN:PRINT"THE  WINNER

SN £ XPERIVENT

":HH
239 PRINT "THE NEW CHAMPION- )
":BI$:BEND

LOAD the program QUIZI from disk.
RUN it and answer the questions about

C128 ONLY

||

delays and DO/LOOP. LOAD and RUN the CALORIE COUNTER
* i . program. LISTthe program to see how the
Experiment 1.2 Completed BEGIN/BEND commands are used to extend

the IF/THEN statements. Follow the same

spacing in the rest of the program and add
another option, BREAD SPREADS, with the
following  data:

BUTTER 1 TBSP. 100
JAM 1 TBSP. 55
MARGARINE 1 TBSP. 100

PEANUT BUTTER 1 TBSP_ 95

Use BEGIN/BEND to fit the new lines in the
same IF/THEN clause. Finish the entry as the
other food selections are finished, by telling
the user to press RETURN to continue and go
back to the main menu. Make sure you
include the new option for BREAD SPREADS
in the main menu. (Hint: The BREAD SPREAD
option will be seventh on the main menu,
so the IF/THEN clause would begin IFX =7
THEN BEGIN and present the data in PRINT
statements. You'l have to make a change
in line 200 so X< >8 instead of 7 to compen-
sate for adding another option to the

menu.)

* Experiment 1.3 Completed
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NIT 2:

Formatting
Output

Sometimes you'll want the computer's
output to appear in a certain way on the screen.
For instance, when dealing with money, you
might want any arithmetic calculated to be
displayed in dollars and cents. If numbers are
being divided, you may wish to eliminate extra-
neous decimal places past the first one or two.
Your data might be better understood if dis-
played in scientific notation. You may need to
limit inputs to numbers containing fewer than
five digits. You might want to have words or
letters appear in a particular column format,
centered on the screen. You can do all this and
more with the PRINTUSING command.

There is a related command, PUDEF,which
lets you define characters being utilized in the
PRINTUSING statement, for example, inserting a
special symbol which isdisplayed in the output
instead of a comma. PUDEF,when used in con-
junction with PRINTUSING, gives you the capa-
bility to select the characters used in the data
format in addition to setting the parameters of
the format itself, substituting different symbols
for frequently-used characters such as commas,
periods, dollar signs and blank spaces.



THE PRINT USING COMMAND

PRINT USING is always followed by a
statement specifying the format for the
output, which is enclosed in quote marks.
This statement is a series of hash marks (#),
with or without additional punctuation
which further defines the format. The hash
marks set the number of spaces for letters or
numbers; the format isfollowed by a semi-
colon (;) and a variable(s) or data. A state-
ment reading

10 PRINT USING "##HH#H#", A

would set up a data format which accepts
numbers of up to eight places. The number
contained in variable A would be displayed
or printed in the specified format. The dis-
play is right-justified format, meaning the
last digit is printed in the eighth space, and

any blank digits appear on the left. If the
number displayed isonly three digits, the
first five digits are blank. If the number is
nine digits, the computer returns a line of
eight asterisks (as many as there are hash
marks in the format statement) because the
number does not conform to the format.
This is called an OVERFLOW. Any decimal
places in the number would be dropped,
since the format does not specify decimal
input.

Type in line 10 (the PRINT USING state-
ment shown above) and add line 5 (5 INPUT
A), which lets you INPUT different values for
the variable A, to be displayed in the format
specified in line 10. This gives you a two-
line program that lets you try different num-
bers to see how they appear in the PRINT
USING format in line 10. Here are some
values to try:

ORMAT:  #####KRY
:;AIEUE RESULT DIAGRAMS EXPLANATION
3.59
3.59 4« [JTTTTTTa —roundsup
.
-1 -0 LI ] l ‘ I [101 —rounds to zero, keeps minus sign
1 2.354
12.354 12 [T 1] T [1]2] —rounds down
1233 w233 [ [ [ [ [n]2[3]3] ~right justifies
1 32 3 4.0
13234.0 1234 [ | | [113]2][3[4] —dropsdecimal place
1234567829
123456789 wrrxraer W]+ [*[*] —overflow
12

What if you want decimals? Just change
line 10 in your program to include a decimal
point as part of your format, like this:

10 PRINT USING "###HH# ##", A

FORMAT: HARHGE 1
VALUE RESULT DIAGRAMS EXPLANATION
3.5 29
3.59 3.59 | k || ] ]3 || 5 ] 9[ —prints number with decimals
-. 1
] -0.10 I | | | | —10“1 lOl —adds leading zero, one decimal
place
12 3526
12.356 12.36 i_{ [ 1 [1[2]]3]6] —rounds up lost place
1.2 33
1233 123300 [ [ [1]2]3]3}[0]0o] —addstwo decimal places
13234.0
13234.0 1323400 | [1]3]2[3]4][0[0] —odds one decimat place
1234 5 6 7 8 9
123456789 ek kR kK | * | * | * ] * I * 1 * H * | * | __overflow

Commas can be included in your displayed
data if you include a comma in the format
line, changing line 10to

10 PRINT USING "### ##H#";A

EEN'EEE

Try the same values you've been using and
see what comes out. !
With values of three places or less, the
comma is not displayed, but with four digits
or more, it appears in front of the third
number from the right.
There are other items you can include
in the format. You can have a dollar sign ($)
appear at the left-most column (as in
S##HE #) or floating (appearing next to the

left-most number displayed), in a format
such as this: #$###### The numbers dis-
played below show the difference between
the left-column dollar sign and the floating
dollar format.

Left-column dollar

$ 125
Floating dollar $1.25
You can also include plus or minus signs in
your data formats, either before or after the
hash marks, like so:
+iHHHE
-t
H#HHHE+
HHHH-

13



With a plus sign in the format, positive
numbers include a" +" while negative
numbers are displayed with a "-". If the
sign placed is after the format, it appears
following the number when displayed. If
the sign is placed before the format, the
display features a sign in front of the num-
ber. The same principle holds for negative
numbers and a minus sign in the data for-
mat. Negative numbers get a "-", while
positive numbers do not receive a sign.
These are appropriate for uses like ledgers
or checkbook balancing programs.

You can also arrange your data in

scientific notation format with PRINT USING.

This involves setting a format line and fol-
lowing it with four carets (up arrows). The
number is printed in scientific notation
according to your format line. For example,
the number 1234 would be displayed ac-
cording to the format specified:

10 PRINT USING "SCIENTIFIC

NOTATION #.### ";1234
20 PRINT USING "SCIENTIFIC
NOTATION  #### ";1234

30 PRINT USING "SCIENTIFIC
NOTATION  ##.#### ";1234

Your format line can dictate a completely
different scientific notation display for the
same value. Notice that you can include
regular printing inside the quote marks
along with the format with no ill effects on
the print using line.

14

EXPERIMENT

21

\

(a) Write a program featuring the PRINT
USING command to perform a loan
calculation that figures interest pay-
ments on a loan of between $100 and
$1000. The program should calculate
* Interest on the amount of the loan
+ Total money owed
+ Monthly payments

The user should supply the loan
amounts (A) and percentage interest rates
(P) through INPUT statements, and the pro-
gram should use these values to calculate
interest on the amount of the loan (A*(P/
100) = I, total money owed (A + I) and
monthly payments ((A + 1)112).

These values should be placed in dollar
and cents format, with floating dollar signs.
The PRINT USING statement should reflect
the limits on the amount of the loan ($100-
$1000).

€128 ONLY

(b) LOAD and RUN the program BANK
STATEMENT. After you RUN it, LISTit and
take special note of the print format
statements and the use of BEGIN/BEND.
Change the PRINT USING statements to
change the size of acceptable transac-
tions-into the millions and billions, or
restrict it to less than $10 transactions.

Experiment 2.1 Completed *

PRINT USING WITH STRINGS

You can use this command to format
text strings as well. It is useful for accepting
data of a specific length or establishing a
column format. You can center text strings
or right-margin  justify words (have the last
letter of each aligned in the same column).
The command works with text strings and
string variables in the same fashion as it
does with numbers. The string is formatted
or positioned according to the format speci-
fied in the PRINT USING line.

For example, with three strings-CAR,
TRUCKand MOTORCYCLE-we can see
some of the different ways the format af-
fects text strings. The hash mark (#) is again
used to set the number of spaces in the
format line. Only two other symbols may be
used in the format line for text strings, the
equal sign (= )and the greater than sign
(». These symbols also count as a space for
a letter in the format line like the # sign, but
they do a bit more. The text is typically left-

justified, unless one of these two symbols
appears in the format line. With the equal
sign (= ),text iscentered in the field, and
with the greater than sign (», text strings
are right-justified.

If the string takes up more space than is
available in the format, it is shortened (or
truncated), with the overflow letters being
dropped from the right side. For example:

10 PRINT USING"#####","CAR",
"TRUCK", "MOTORCYCLE"

appears as
CAR TRUCKMOTOR

Use of centering or right justification affects
how strings are shortened or positioned. If
you use a format line with seven hash
marks (#######) and two other formats
replacing a # with a > or = sign at the end
of the format, you'll get different position-
ing. The diagram shows why:

[(# # # # # # H|# # K K & # #|H 4 # # # # #]

[cJA[RT [ [ T [rTrTufc]x]

Imloft]olric]Y]

[# % # # # % =8 # & # # # =[# # # # # # =|

([ TcTaTR] T T T7[rTu[c[x] [m[o]T[o[R]C]Y]

(# # # # # K O|F & K K # & >[# # # # # # )]

(LT IcTAIR] T FIR[u[c[KmolTIolr[c[Y]
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EXPERIMENT

22

l

(a) Set up a brief program that will allow
you to input different PRINT USING
formats in which to display data. Try to
predict how the strings CAR, TRUCK and
MOTORCYCLE will appear in each of the
following formats, and then type in the
statements to see if you were right.

#

HAHHHARR A =
##H#HH>

#it#

THE ##########

(b) LOAD and RUN the program MAILING
LISTor MAILING LIST/4.

I-Add PRINT USING statements so
each address is centered rather
than left-justified.

2-Use a PRINTUSING statement to
format the display of zip codes to
be five numbers.

Experiment 2.2 Completed
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CHANGING PRINT USING CHARACTERS

PUDEFlets you redefine characters in
the PRINT USING statement, such as blank
spaces, commas, decimal points and dollar
signs. With PUDEF,you can change these
characters to appear on the screen or
printed out as anything from the keyboard:
letters, punctuation, graphic symbols, cursor
movements, even color changes.

The command PUDEFis always used in
conjunction with the PRINT USING state-
ment. PUDEFis followed by double quote
marks enclosing up to four spaces. Each
space corresponds to a character, as fol-
lows:

10 PUDEF" . $"
1234

To redefine any of these characters, include
the command with the symbol you want to
use in the place (space 1-4) corresponding
to the character you want redefined. So if
you wanted commas to appear as slashes,
you would use this line:

100 PUDEF" /"

An example where PUDEFis most appropri-
ate is a program converting American
money into English pounds. The following
short program converts American money
into British currency by multiplying the
American value by the exchange rate. The
only thing missing is changing the dollar
sign to a pound sign, and that's where
PUDEFcomes in.

10 INPUT "AMOUNT IN
AMERICAN MONEY";A

20 INPUT "EXCHANGE RATE
(ONE DOLLAR EQUALS X
POUNDS)";E

30B=A"E

40 PRINT USING"THAT AMOUNT IN
BRITISH MONEY IS #$##i###.##";B

Only a single line is needed to make this
program correct:

35 PUDEF " ,.£"

Note: You can only redefine the dollar sign
($) with PUDEFwhen it is a floating dollar
sign, that is, only when it appears with a
hash mark in front of it. Otherwise, it will
appear as a normal dollar sign.

EXPERIMENT

2:3

LOAD and RUN the program QUIZ2, and
answer the questions based on what you
learned in this section.

* Experiment 2.3 Completed
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UNIT 3:

Finding
Program
Errors

You may have had the experience of
carefully typing a new program, and when you
run it, the computer responds with an error
message. You may have forgotten the dollar
sign on a string variable, or perhaps you typed
a GOTO statement with no reference line num-
ber. These mistakes are common, but relatively
easy to locate in short programs. In Unit 8 of
Introduction to BASIC Part 1 you learned to
trace short programs by hand to evaluate prob-
lems. Complicated programs require more
sophisticated problem-solving skills. Finding
and fixing program errors is called debugging.
This chapter describes some of the debugging
techniques available to you: the HELPfunction,
computer tracing with TRON and TROFF,and
TRAP/RESUMEsubroutines.
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HELP

Your computer displays error messages
when a command can't be executed. By
now you are probably adept at pinpointing
common problems like syntax errors. Yet
even syntax errors can sometimes be diffi-
cult to spot. When you get an error mes-
sage, you can use the HELPfunction to
locate incorrect program information. When
you press the HELPkey or type HELPand
press RETURN, your computer displays the
program line which caused the error, with
the incorrect section highlighted (flashing
on the Plus/4 and C16).

To see how the HELPcommand works,
type and RUN this one-line program:

10 PRINT 1;2:3;4 (Notice the: is a
deliberate  error.)

The program will fail after displaying 1and
2. Pressthe HELPkey or type HELPand press
RETURN.You will see:

10 ?1;2:[3;4]The 3;4 will be
highlighted, to show the
error is somewhere near
the 3.

The HELPfacility isn't always so clear. Try
typing

1071+2+3**4

RUN it, then use the HELPcommand. As you
can see, the syntax error was so obvious
that HELPwasn't very helpful. In many
cases, however, the error will not be so
obvious and HELPcan be used to point them
out.

Here's another example. It contains
several errors, but in a complicated com-
mand a missing quote or dollar sign can be
hard to find. Look over the program and see
if you notice the errors. Then type the pro-
gram exactly as is:

10 REM CONTAINS ERRORS

20 A$ = "BET ":B$ = "YOU ",C$ =

"CAN'T ";D$ "SPOT ":E$ "THE
:F$ = "ERRORS."

30 ?A$%;B$;C$;D$;ES;F$
Now use HEIP. You'll get a series of syntax
and other errors. Correct them one at a
time, running the program each time, then
use the HELPfunction to locate the next
error. Now you should have a better idea of
how HELPcan be used.

20

TRACING: WHEN HELP DOESNT HELP

Used as a first step in the debugging
process, HELPis an excellent tool. If the HELP
function doesn't supply enough information
for you to debug a program, however, other
debugging options are available. You can
trace the program the way you did in UNIT 8
of Introduction to BASIC Part |, and evaluate
each line number to determine if the pro-
gram does what you intended. Or, you can
let the computer trace the program auto-
matically.

When you trace a program by hand,
you look at each command and pretend to
be the computer. After you simulate the
command's execution, you switch on your
human intelligence and ask "Is this what |
expected?" If the answer isyes, continue
the trace. If the answer is no, you have a
better idea of how to correct the program.

When the computer does the tracing
for you, it is still necessary to evaluate the
program step by step, but the computer
calculates any results. This leaves you free
to concentrate on the structure of a pro-
gram, to ensure it meets its purpose.

Your computer has a set of commands
used to trace programs. Using TRON (TRace
ON) and TROFF (TRace OFF) the computer
will execute the program and display any
output, but at the same time will display a
list of line numbers in the order they are
obeyed.

Type the following program.

10 INPUT "GIVE A NUMBER TO BE
MANIPULATED";N

20 PRINT USING "THE SQUARE ROOT
IS #4444 44" SQR(N)

30 INPUT 'WANT TO GIVE ANOTHER
NUMBER":A$

40 IF A$ = "Y" THEN INPUT "NEW
NUMBER";N:GOT020

50 IF A$< > "N" THEN PRINT "NO
FAIR, YOU HAVE TO ANSWER YES
(Y) OR NO (N)":GOTO 30

60 PRINT "OKAY, NO MORE MATH"

70 END

RUN the program a couple of times to famil-
iarize yourself with it.

Type TRON, then run the program
again. line numbers appear on the screen
in brackets to show the order in which com-
mands were obeyed. Output was generated

by lines 10,20,30 then by 40 ,50 or 60 de-
pending on the answer chosen. Notice
some line numbers appear more than once.
This is because the TRON function prints a
line number each time a function is exe-
cuted, even if more than one function is
contained on a line. For example, in line 40,
the computer executes thelF/THEN, and an
INPUT statement before it follows the GOTO
command. TRON makes the computer

output [40] [40] [20] to show that this is the
order in which commands were executed.
Type TROFFto end tracing.

For an example of tracing a more
complex program, load the program
TRACEEXfrom your program disk. Plus/4
and C16 users should list line 10 before
running the program. Change the color
values to COLOR 4, 15,3: COLOR 0,4,3:
COLOR 1,1. Also list line 1000 and change
the SLEERommand to: FORJ = 1to 500:
NEXTJ. Run the program, then type TRON
and run the program again.

Now that you have seen how TRON
and TROFFwork, we can discover how
tracing on the computer can help locate
errors.

Sometimes, especially when your
program contains loops, the screen be-
comes filled with rows and rows of brack-
eted line numbers. You will have to con-
sider each line number, one-by-one, until
you determine where the error is.

If you are sure that most of a program
works, trace only a small section of the
program. This can be done by putting num-

bered TRON and TROFFcommands into the
program itself like this:

10-
20-

59 TRON
110-
120-

189 TROFF
190-
200-

When you have debugged the problem
area, you can easily take the TRON and
TROFFcommands out again.

Tracing is particularly helpful when the
error in the program is a logic error. Your
program may run, and produce output, but
you notice that the results are not what you
expected. It is likely that you did not accu-
rately translate your algorithm into com-
puter code. Perhaps your program exits
from a loop too soon, or jumps to a subrou-
tine at an inappropriate time. Tracing can
be used to methodically analyze the pro-
gram's execution so logic errors come to
light.

Here is a program designed to report to
the user the value of an average home in a
selection of American cities over a period of
years. The city names, dates, and values are
contained in arrays. You could arrange the
data like this:

L]

& =4

F/e /) F

”a:an

f dg s /& §§ $
1950 14000 15000 27000 24000 23000 25000
1960 17000 18000 32000 25000 26000 27000
1870 27000 30000 40000 39000 41000 43000
1980 45000 50000 56000 60000 65000 G7000
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The program

is saved on your disk as "REAL

ESTATE". LOAD and LISTthe program.

22

10

20

30

40

50

60

70
80

90

100

DATA ATLANTA, DENVER,LOS
ANGELES,NEW  YORK,
PHILADELPHIA,WASHINGTON

DATA 1950,1960,1970,1980

DATA 14000,15000,27000,24000,
23000,25000

DATA 17000,18000,32000,25000,
26000,27000

DATA 27000,30000,45000,39000,
41000,43000

DATA 45000,50000,56000,60000,
65000 ,67000

DIM C$(6),Y$(4),P$(6,4)

FOR J=1TO 6: READ C$(J):
NEXT J

FOR K=1TO 4: READ Y$(K):
NEXT K

FOR J=1TO 6

110 FOR K=1TO 4

120
130
140
150

READ P$(K,J)
NEXT J
NEXT K

PRINT "THIS PROGRAM OUTPUTS
THE VALUE OF THE"

160 PRINT "AVERAGE FAMILY HOME

170 PRINT "FOLLOWING

IN THE"

AMERICAN
CITIES"

180 PRINT

190 PRINT "ATLANTA,

195 PRINT

200
210
220
230

240
250

260
270

280
290

300

DENVER, LOS
ANGELES, NEW YORK,"

"PHILADELPHIA  AND
WASHINGTON"

PRINT
PRINT "IN THE YEARS:"
PRINT "1950,1960,1970,1980"
PRINT "WHAT CITY";P$
FOR J=1TO 6

IF LEFT$(P$,)) = LEFT$(C$(J), 1)
THEN GOTO 270

NEXT J

INPUT"WHAT  YEAR";D$

FOR K=1TO 4

IF D$ = Y$(K) THEN GOTO 310
NEXT K

310 PRINT "THE VALUE OF THE
AVERAGE HOME IN ";C$(J)" IN
THE YEAR ";D$" WAS";P$(J,K)
INPUT "ANOTHER VALUE (Y/
N)II,A$

IF A$ ="N"
IF A$ ="Y"
GOTO 320

PRINT "END OF HOME-COST
COMPARISON"

360 END

RUN the program, and it returns a bad
subscript error in 120. If you use the HELP
function, the computer prints the entire line
highlighted. ~ Not very useful. So, let's use
TRON and TROFF. Note: if you spotted the
error, don't correct it just yet. Wait until
you've seen how you might use TRON and
TROFF to find the error.

Type TRON and press RETURN and then
RUN the program. Your screen is swamped
by bracketed numbers, and you're probably
thinking you were better off muddling
through and finding the error on your own.
But wait until you've given TRON its best
shot.

Maybe it would help to trace only a
small section of the program. The error was
in line 120, a line that reads data into a two-
dimensional  array. So type TROFF to end the
trace, and add these lines to your program:

320

330
335
340
350

THEN 350
THEN GOTO 230

95 TRON

145 TROFF
This is the section of the program involved
with setting up the two-dimensional array.

RUN the program now. While quite a
few line numbers appear before an error
stops the program's execution, the trace will
be much more manageable than before.
This is what appears on your screen:

[100][110][120][130][110][120][130]
[110][120][130][110][120][130][110]
[120]

The computer executes line 100, setting up a
FOR/NEXT loop for the variable J. Then it
sets up, in line 110, a FOR/NEXT loop for the
variable K. It reads the first value of P (line
120) from DATA line 40 and sets P(l, 1) to
14000.

The next line executed is line 130
which reads NEXT J. This command loops
back to line 110, and the value of P(2,1) is
read from DATA line 40 as 15000.

Think about this for a minute. You see
from the table that P(2, 1) should be the
value of a home in Atlanta in 1960. But we
have just read P(2, 1) from our DATA line as
15000-the  value of a home
1950. Somehow the DATA is reading down
the table instead of across. This should be a
clue to the problem.

Look at the trace once again.
that the loop for K is executed
then J begins to increment.
is opposite from what should happen (ac-
cording to the way we have arranged our
data) and it becomes apparent that the
FOR/NEXT loops in lines 100-140 are nested
improperly.  We must rearrange
that the READ statements
in a manner
array similar

in Denver in

Notice
four times,
But this process

read the data lines
that sets up a two-dimensional
to the table above.

This is the way the loops must be
nested:

FORK = 1 TO 4

FOR J = 1 TO 6 Vvalues of P(J,K)
of J while

K remains constant

the loops so

are read from

the data with
at 1. Then K is incremented

increasing  valu

new values of P(J,K) are read with K= 2. This process

continues
line 150

until

NEXT J
NEXT K

In addition, the READ statement must be:
READ P$(J,K) in order to set up the data
correctly.

TraCing, as you have seen,
limitations as a debugging  tool.
tant thing isthat you be patient and work
methodically. If you try to anticipate errors
or assume a section of a program  works,
you'll run into trouble. There are times,
however, when you could trace for hours
and still not find a solution. Suppose you
have misunderstood some of the rules of
BASIC. Your program could be constructed
logically as you see it, but if it violates BA-

has its
The impor-

SIC structure it won't work. And tracing
won't help, because you'll never see the
logic error.

Don't be discouraged if you have trou-
ble locating program errors at first, even
with the TRON and TROFF mechanism.

K reaches 4 , then

the program drops through

es

and

to
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the values of a coin or stamp collection
10-year intervals.

look

Modify the program above so it stores

at

The table of data might

like this:

Penny Nickel Dime Quarter Half Dollar
1940 1 5 10 2 >0 1%
1950 2 6 20 27 53 19°
1960 1 6 30 25 60 100
1970 7 35 % 65 17
1980 9 32 31 66 110

Add a section of code that calculates and

outputs the total value of the collection

any given year.

Use TRON and TROFFto trace the pro-

gram if you run into trouble.
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Experiment 3.1 Completed

in

TRAP AND RESUME SUBROUTINES

TRON and TROFFare useful commands
when you know an error has occurred. You
can trace the program step by step until you
locate the problem. Sometimes, however, it
is helpful to anticipate errors before they
occur, so the program can be set up to deal
with errors and perhaps continue to exe-
cute.

Your computer has a built-in  capability
to check for errors. It works by jumping to a
subroutine when an error occurs. The sub-
routine can handle the error in several
ways. It might request more appropriate
input, or print an error message. Then an-
other statement tells the computer to con-
tinue execution of the program.

The command that sets up the error-
checking subroutine is TRAP, and RESUMEis
the command used to switch control back to
the main part of the program after the sub-
routine has served its purpose.

Here is a rough flow chart of a program
with a TRAP subroutine:

Setup
TRAP
routine

Execute

program
line

Execute
TRAP
routine

RESUME

The TRAP command should be on a line at
the top of a program. The TRAP command

references a line number to skip to, much
like a GOTO statment. The reference line

number is the first line of a subroutine that
deals with the error.

TRAP routines can access several built-
in variables to keep track of errors that occur
and the corresponding error messages.

+ ERstores the error number. Each type of
error has a numerical label

- ERRSis the error message corresponding
to a particular ERvalue

+ ELkeeps track of the program line num-
ber containing the error

ERRS$only has meaning in conjuntion with
the corresponding ERvalue. To see what
type of error occurred, place statements
such as PRINT EL, ERR$(ER)within the TRAP
subroutine. The computer will print the line
number the error occurred in and the appro-
priate error message.

Here is a TRAP subroutine built into a
program that records and displays errors as
they occur. The RESUMEstatement tells the
computer to begin execution again. Obvi-
ously, if a serious error has occurred, contin-
uation of the program may not be possible.

10 TRAP 500

20 PRINT "DEBUGGING PROGRAMS"
30 FOR X = =1 TO 4 STEP2

40 PRINT "HELP!"

50 PRINT

60 NEXT X

70 PRINT "OH NO!"

80 NEXT Y

500 REM TRAP SUBROUTINE

510 PRINT "ERROR IN LINE "“;EL

520 PRINT "ERROR TYPE: "
ERR$(ER)

530 RESUME NEXT

540 END

RUN this program. Several errors occur, but
the program can continue to execute. The
error messages are listed, and you should
be able to locate the syntax error in line 30,
and the NEXT without FORn line 80. But
RUN the program again after you fix these
errors, and the output is unusual indeed,
mentioning an error in line 65535! The line
number 65535 then generates an illegal
quantity error in line 520.

Why does the computer execute the
TRAP subroutine if no error is found? Look at
the program again. Even though line 500
labels the subroutine, the program reaches
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lines 500-540 in its normal execution. Add
80 END to the program (you have probably
already eliminated the old line 80) and the
program should run smoothly.

USING TRAP TO FILTER SPECIFIC ERRORS

While TRAP routines such as this are
helpful, TRAP is more commonly used to
handle specific errors. For example, per-
haps you would like to write a program that
cannot be stopped by the RUN/STOP key.
Note: RUN/STOP causes a break in the
program, and is considered an error.

Type NEW, then enter this program:

10 TRAP 1000

20 PRINT "AGAIN"

30 GOTO 20

1000 TRAP 1000:RESUME

If you run this program, you will notice that
it will print "AGAIN" ad infinitum, and
RUN/STOP will not break the program. The
only way to stop the program isto hit RUN/
STOPand RESTOREpr reset the computer.
Why does this happen? Let's examine the
program.

When an error (RUN/STOP is pressed)
occurs, the TRAProutine is put into effect.
While the TRAP routine is being executed,
the TRAPfunction is disabled. That is, when
program control is shifted to line 1000, the
program cannot trap more errors. If a user
hit RUN/STOP while the computer was
executing the TRAProutine in line 1000, the
program would break.

In our program, however, the TRAP
routine itself puts the TRAP function into
effect, so the TRAPfunction is never dis-
abled. Line 1000 not only keeps the TRAP
routine in operation, but resumes execution
of the program where it left off when the
error occurred.

Actually, in our simple example the
RESUMEitself was sufficient to put the TRAP
routine back into operation. Change line
1000 to:

1000 TRAP 1000:?"YOU CAN'T STOP
ME":RESUME

Now the TRAP 1000 clause is necessary.
While the computer was printing "YOU
CAN'T STOPME", RUN/STOP would ordinar-
ily be effective. But our program cycles the
TRAP routine to itself, so the computer is
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continuously looking for errors. The user
could never stop the program with RUN/
STOP.

This should give you an idea of the
many ways TRAP routines can be used. You
can set up TRAP routines to find specific
errors (error messages are listed in your
computer's user manual) and react in a way
appropriate for that error. TRAP is especially
useful when programming graphics. This
will be discussed further in the graphic
section.

EXPERIMENT
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C128 ONLY

|

Load the program "DEBUG EXERCISE"
from your program disk. It contains a num-
ber of programs for you to debug.

Correct the programs on paper, then
compare your listings to the answer pro-
vided in the exercise.

*
Experiment 3.2 Completed *
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UNIT 4:

ScreeD
Editing

Creating useful and entertaining programs
can be exciting, but getting the programs from
paper into the computer's memory can involve a
lot of effort. Despite the INST/DEL key, you will
surely spend much of your time at the keyboard
correcting errors. Even the most careful program-
mer will need to change a variable or correct a
syntax error, so it would help to know the short-
cuts for getting around the screen. These short-
cuts are called screen editing functions. This unit
describes and illustrates screen editing functions,
highlighting the use of screen windows.

Screen windows allow you to define a
portion of the screen as your workspace. In this
area you can create a program or view program
output, while the rest of the screen serves a
different purpose. All the screen editing func-
tions work within windows as well as on the full
screen. Screen windows can be used for decora-
tive purposes or to aid in debugging by allowing
you to see a program and its output at the same
time.
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SCREEN EDITING FUNCTIONS

Your computer

designed to help change the text of your
program or whatever else ison screen at

Key

ESCC
ESCQ
ESCP
ESC @
ESCJ
ESCK
ESCA
ESCO
ESCO
ESCI
ESCY
ESCz
ESCL
ESCM
ESCV
ESCW
ESCG
ESCH
ESCE
ESCF
ESCB
ESCT
ESCX
ESC U~
ESC S~
ESCR*
ESC N*

*Only
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Function on C128

Cancel quote and insert mode
Erase to end of current line
Erase to start of current line
Clear to end of screen

Move to start of current line
Move to end of current line
Enable auto-insert mode

Delete current line

Insert line

Set default tab stop (8 spaces)
Clear all tab stops

Enable scrolling

Disable scrolling

Scroll up

Scroll down

Enable bell (by control G)
Disable bell

Set cursor to non-flashing mode
Set cursor to flashing mode
Set bottom of screen window
Set top of screen window
Swap 40/80 columns display
Change to underlined cursor
Change to block cursor

Set screen to reverse video

Return screen to non-reverse state

in 80-column mode

has a series of functions

any given moment. All of these functions
are activitated by pressing and releasing th

ESCape key, then pressing another key. The

ESCape key functions are listed below.

Function on Plus/4 and C16

Cancel automatic insert mode
Erase everything to end of current line
Erase everything to cursor on current line

Move to beginning of current line
Move to end of current line

Automatic insert mode

Cancel quote, reverse and flash modes
Delete current line

Insert a line

Turn on scrolling
Turn off scrolling
Scroll screen up
Scroll screen down

Set bottom right corner of screen window
Set top left corner of screen window
Cancel the escape function

Reduce screen display
Return to normal screen display size.

Load the program EDITQUIZor EDITQUIZ/4
from your program disk. Run the program so
yOUare familiar with the way it works. STOP
the program by pressing "N" at the final
prompt, or use RUN/STOP RESTOREThen
LISTthe first part of the program (lines 10-
170).

Suppose that in reviewing the program
yOUdecide there should be a better intro-
duction to the quiz:

+ Use CLR/HOME to home the cursor. Then
move the cursor to the first character of
line 20.

+ PressESC(escape) and then K. Do not
hold down ESCwhile you press the K.
The cursor moves to the end of line 20.

« Move the cursor back to the quote, then
press ESCand A. This places the screen in
automatic insert mode.

+ Add an explanatory sentence about the
quiz, such as "The topic is science." The
words you add do not eliminate charac-
ters already in the line.

« When your sentence is complete, press
ESCC to turn off automatic insert mode.

+ PressRETURNto "set" the insert.

* Move the cursor to line 170. We'll
change the message in this line as well.
Move the cursor to the space between
BYEand THEN. PressESCQ to erase
everything from the cursor to the end of
the line. Finish the message with: FOR
NOW." Press RETURNto enter the new
line.
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Let's see if there are any ways this program
can be streamlined. Look at lines 80 and 90.
There should be a way to use IF/THEN/ELSE
with  BEGIN/BEND to handle this condition.
We'll add some lines of space so we don't
write on top of existing commands:

* Move the cursor to the beginning of line
80 and press ESCI. A blank line appears
above line 80.

+ Move the cursor to the first character in
line 100 and press ESCI.

Now the lines you want to work with are
surrounded by a little space. You could, of
course, work at the bottom on the program
but it is sometimes easier to type new pro-
gram lines in the position you want them to
appear.

Type:

75 IF A$ =B$ THEN
BEGIN:J =J + 1:GOSUB 1000:
BEND:ELSE GOSUB 2000

Delete lines 80 and 90 in the usual manner:

+ Move to the bottom of the program and
type 80 followed by RETURN,90 then
RETURN.You may notice from the table
of ESCape codes that ESCD deletes the
current line, but this function does not
erase the program line from memory.

Now would be a good time to run the pro-
gram again to be sure it still works. You can
practice using ESCfunctions by making
other changes. Perhaps you want to add
more questions (how will this affect the rest
of the program?) or change the way the
computer reacts to right and wrong an-
swers. There are many ways the program
can be improved in appearance and struc-
ture. See if you can discover how the other
ESCfunctions listed work. Not all functions
work in both 40 and 80 columns on the
C128, and some functions work differently
on the Plus/4 and C16. Itwon't take you
long to appreciate how helpful and time
saving the ESCfunctions are.
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EXPERIMENT

4-1

C128 ONLY

I !
|

Modify the right answer subroutine
(starting at 1000) from the quiz program in
the previous section to include a bell re-
ward.

(Hint: the CHR$ values of ESCG and
ESCH can be used, in conjunction with
Control-G, to create a bell-like sound.)

* Experiment 4.1 Completed *

SCREEN WINDOWS

Up to this point in the course we have
made use of the entire screen as we pro-
grammed. Sometimes it can be to your
advantage to limit the part of the screen you
can use. Perhaps you would like to look at
the program and the output at the same
time-to  help in debugging. Or you have
created a program that outputs sections of
data you would like to compare, but they
scroll off the screen before you can get a
good look. Screen windows can handle
these problems.

For a demonstration of screen win-
dows, (on the C128 only) LOAD and RUN the
program WINDOW DEMO from your pro-
gram disk. Notice that several windows can
exist at once. Windows can overlap or occur
one within the other, but only one window
can be active at any time.

If you create a window in direct mode,
everything you type, (commands, listings of
programs, etc.) as well as program output,
from that point on appears within the win-
dow's boundaries. The screen outside the
window area is not affected. This is useful in
comparing program listings with output.
You run a program, then when it is finished
you create a screen window in an area of
screen not taken up by program output, and
use the window to view the program listing.

Using windows within programs makes
it easier to organize your output into a struc-
tured format. Windows can be used to
increase the clarity of program output, add
creativity ta quiz or game programs, or
simply add to the aesthetic appeal of the
program.

CREATING SCREEN WINDOWS

There are two ways to create windows
on the Commodore 128, but only one way
on the C16 and Plus/4. Both methods re-
quire setting the coordinates of two oppo-
site corners of the window. Once you de-
scribe two opposing corners, the other
dimensions of the window are also defined.
Both methods are described below.

You must first decide where you want
the window to appear. Think of the screen
as a grid of 25 horizontal rows and 40 verti-
cal columns. You may find it helpful to use
graph paper. Choose a location where a
row and column intersect as the upper left
corner of the window, and another intersec-
tion as the lower right corner.
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4 (10,10}

120,20}

When the two corners are chosen,you can
use the WINDOW command or ESCape
commands to create the window.

The ESCape commands are the only way a
window can be created on the Plus/4 or
C16.Move the cursor to the point chosen as
the upper left corner. Press ESC(Escape key)
and then T. Think of this as setting the "top"
corner.

Now move the cursor to the lower right
corner. PressESCand then Bto set the "bot-
tom" corner. The window is now set.
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Listthe WINDOW DEMO program (or
any other program), which should still be in
your computer's memory. The output will
scroll in the window only. Notice that when
the listing reaches the edge of the window,
it continues immediately on the next line.
This effect is called "wrapping."

You can work within the window to
create programs, using the same screen
editing functions available with the full
screen.

THE WINDOW COMMAND

The WINDOW command allows you to
type the coordinates of two corners of the
window.

Here isan example of a typical WIN-
DOW command:

WINDOW10, 10,20,20, 1
WINDOW has five parameters:

First: top left row coordinate (in
the range 1-25)

Second: top left column coordinate
(in the range 1-40)

Third: bottom right row coordinate
(in the range 1-25)
Fourth: bottom right column

coordinate
(in the range 1-40)

Fifth: clear option; 0 = off,
1 = on

If the clear option is not chosen, any
text that was in the area of the window will
still be there when the window s created.

Type the command noted above. A
window is now set in direct mode. Listthe
WINDOW DEMO program. It should behave
exactly as it did when created with ESC
commands.

To cancel a window hit CLR/HOME
twice. Hitting CLR/HOME only once moves
the cursor to the upper left corner of the
current window.

The WINDOW command can be used
within programs. NEW the memory, then
load the program WINDOW DEMO 2 from
your disk. RUN the program, which creates
two windows and directs output to each
window alternately. Listthe program, and
you'll see that lines 30 to 130 outl ine the two
windows with' symbols, to demonstrate the
windows' dimensions. Actual output is
created by lines 180to 220 in the first win-
dow and by lines 240 to 280 in the second
window.

Notice that the windows must be de-
fined each time they are used. Even though
line 30 sets up a window, once line 80 sets
up a second window the first window is no
longer available. So line 170 recreates the
window line 30 created, then line 230 re-
creates the window originally created by
line 80.

Let's try to create a program that uses
two windows. One example would be for a
user to input the current price of gas, and
the amount he would like to spend in one
window, and have a simulated gas pump in
another window show the amount and the
current cost.

First, a flow chart:

DEFINE
WINDOW 1
AND
QUTPUT
BORDER

I

[¥2]

T

X

Oy

m
——]

A

f
[ NPUT G |
[ |

i ...7
x/ INPUT AMOUNT /

e e

[

e DISPLAY CURRENT PRICE
\_ AMOUNT SPENT GALLONS

—1

AMOUNT
SPENT

AMOUNT
DESIRED?

NO

INCREMENT vALL_JFf?l—f Q
; .

You see from the flow chart that the pricing
window can be fairly straightforward. For
appearance, let's outline the window in a
band of reversed spaces. A subroutine can
be used to print the border, because a win-
dow such as this might come in handy later.
Once the border is created, you should
redefine the window so that the colored
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border is excluded. Otherwise, the print
statements for inside the window will need
to include cursor movements to compensate
for the border.

Inside the window, input statements
establish the variables P (price per gallon)
and M (amount the user wants to spend),
then the pricing window is no longer neces-
sary. For appearances sake, let's allow the
user to input the first letter of the type of gas
he wants (Economy, Regular, Super) instead
of the price per gallon. You should now be
able to construct this code. LOAD the pro-
gram GASPUMP from the disk. list lines
10-100, and lines 1000-1060:

+ line 10 defines border, screen and cursor
color. You could choose any other colors
you prefer.

« line 20 defines the window, and line 30
sends the computer to the subroutine to
draw the border.

+ lines 1000-1060 (the subroutine) draw
the border by creating a series of re-
versed spaces. ltisvery important that
the border falls exactly on the edge of
the window, so when you redefine the
window in line 50 you don't eliminate
the border by mistake.

+ Line 40 cancels the window, and line 50
creates a new window, smaller by one
space in each direction.

+ lines 60--90 set up the window to accept
user input. Notice how reversed charac-
ters are used to highlight the first letter of
each type of gasoline.

+ lines 91-95 use IFFTHEN statements to
evaluate the input in line 90 and deter-
mine what type of gasoline is wanted.

« Finally, line 100 asks the user to input the
amount he wants to spend.

Now you have all the input needed to use
another window for output. The second
window, to simulate a gas pump, should be
more decorative. Use graphic characters to
outline the window instead of reversed
spaces. Lines 110to 330 form the second
window and calculate the program's output.
Look at this section of the program a few
lines at a time.

You can change the color of the gas
pump if you wish. Just insert different con-
trol characters in the print statements. The

36

window can be as decorative or as plain as
you wish.

The necessary calculations used to
update the window continually as the gas is
pumped are combined with the PRINT state-
ments used to create the window. Note that
you can't use a subroutine to draw the gas
pump because the output would scroll
incorrectly.

You want the number of gallons
pumped and the amount spent to increment
on the screen as they do in a real gas pump;
a FOR/NEXT loop should be right for this.
You want the gas pump to update the cur-
rent cost and gallons until the predeter-
mined maximum cost is reached.

VARIABLES:

+ Gallons (updated as the gas is
"pumped"):  stored in G

*« Amount spent so far (updated in con-
junction with gallons): stored in A

Let's think about the FOR/NEXT loop. You
want the gallons and cost to be updated
continually until the amount the user wants
to spend (stored in M) has been reached. So
the statement to declare the loop is:

FORA=l TO INT(M*l00)

At first glance, this command probably
seems more complicated than is necessary.
Why multiply the amount desired by 100?
You'll only have to divide other variables
100to keep the results valid. The answer
has to do with the floating point decimal
within the computer. In rare cases, because
of the way the computer calculates certain
decimal values, it is necessary to use inte-
ger values and sometimes manipulate the
values slightly to obtain the result you want.

Look at the rest of the program, and be
sure you understand the structure. Now run
the program. Notice that the gas pump
looks as if only the numbers are changing,
when actually the entire pump is being
drawn each time through the loop.

You may think the action istoo slow to
be realistic. That's because gas is being
pumped in $0.01 increments. If you change
the value used to multiply M, A and Pin
lines 170,250, and 310from 100to 20, the
gas is updated in 5-cent increments and the
program is much more realistic.

To see another interesting use for win-
doWS, LOAD and RUN the program from
your disk called HOROSCOPE. This program
lets the user input a birthdate for an astro-
logical reading. Notice how separate win-
doWSare used for elements such as sign of
the zodiac, ruling planet, and personality.
Note: The HOROSCOPE program does not
run on the C16 due to memory limitations.

EXPERIMENT

42

(a) Create a program that displays a series
of overlapping windows. Each window
should be drawn by reversed spaces of
a different color.

(b) Create a slot machine that scrolls ran-
dom-color blocks in three separate
windows, and prints the payoff in a
fourth  window.

(c) LOAD and RUN the program QUIZ4.
Answer the questions about screen
editing and windows.

Experiment 4.2 Completed *
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UNIT 5:

Advanced
Data Input

Using the
Keyboard

You are familiar with several methods of
data input from the keyboard, including INPUT
and GET. In this unit we will discuss other meth-
ods of data input available in BASIC 3.5 and
BASIC 7.0 that may help you create more sophis-
ticated programs, or simplify the process of
obtaining input.
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GETKEY

You learned to use the GET command
in Introduction  To BASIC Port |. To refresh
your memory, GET is used to obtain one
character of input. You will remember the
GET command can accept the null string as a
character, and therefore sequences such as
the following were common.

10 PRINT "PRESS ANY KEY"

20 GET A$

30 IF A$="" THEN 10

40 PRINT "THE KEY YOU PRESSED
WAS ";A$

The IF/THEN statement sow to it that the
computer executed lines 20 and 30 as a loop
until the user hod time to press a key.

Your computer has another command,
called GETKEY, that automatically waits for

Select random
number for target

the user to press a key. Try the following
program. Notice there is no need to check
for the null string.

10 PRINT "PRESS ANY KEY"
20 GETKEY A$

30 PRINT "THE KEY YOU PRESSED
WAS";A$

The main advantage of GETKEY is in short-
ening programs. GETKEY waits for the user
to press a key, and assigns only that charac-
ter to the string specified. For example, let's
write a program that lets the user pick a
number from 1to 9, trying to match a num-
ber randomly chosen by the computer. We
wont the computer to respond accordingly if
the number input by the user is higher or

lower than the target number, and give a
congratulatory message when the user
chooses the target number.

Here's the flow chart for such a pro-
gram:

Input guess ~

Guess
lower than
target?

No

Guess
higher than
target?

No

|

PRINT
“CONGRATULATIONS”

40

Yes

PRINT
"GO o
HIGHER”

PRINT

LOWER"

GETKEY is the obvious command
input. Use the RND function
random number from
code is simple enough;
the user to guess higher or lower can be
contained in IF/THEN statements that com-
pare the user's guess with the randomly
chosen target.

You may recognize

for user
to choose a
1t0 9. The rest of the
messages that tell

one possible snag:

GETKEY recognizes a string, and you wont to
compare numerical values. luckily, the VAL
function can be used to extract the numeri-

cal value from a number inputted as a
string. Refer to Introduction to BASIC Port 1 if
you are unsure how the RND and VAL func-
tions work.

Here is the program:

10 PRINT'[ SHIET] and [HOME]"

20 T= INT(9*RND(1)) +1

30 PRINT"PICK A NUMBER FROM 1
TO 9

40 GETKEY N$:N = VAL(NS$)

50 IF N>T THEN PRINT "GO LOWER
THAN'N:GOTO 40

60 IF N<T THEN PRINT "GO HIGHER
THAN'N:GOTO 40

70 PRINT'[ SHIFT] and JHOMEI"

80 PRINT:PRINT"CONGRATULATIONS,
YOU GOT IT":REM N =T

90 PRINT"TRY AGAIN  (YIN)?"
100 GETKEY A$

110 IF A$ = "Y" THEN GOTO 10
120 PRINT

130 END

Notice that the user's answer to the question
in line 90 is handled by GETKEY. You could
use on INPUT statement, but GETKEY works
just as well. This program can be modi-

fied to include scoring, or more complex
messages.

GETKEY is useful for programs
user input of one stroke only. It is possible,
however, to use a series of GETKEY state-
ments to create a longer string. One occa-
sion where the GETKEY string can be useful
isin a program requiring a password. You
are probably familiar with databases that
require users to enter a password before
they can view information. A simplified
example of this type of programming
hard to replicate.

requiring

is not

You can use a GETKEY statement to
store a series of characters.

GETKEY A$;B$;C$;D$

is a valid command.
Once the various strings are stored,
they can be concatenated into a complete

password with an assignment statement:
E$= A$ + B$ + C$ + 0%

Then E$can be tested against a pre-as-

signed password to determine if the user

should be allowed access to the program.

Another way to concatenate the strings
is to start with the null string and use a loop
to add one character at a time. Type NEW,
then type:

10 P$ = "CODE"
20 PRINT" "

30 PRINT "ENTER THE CORRECT
PASSWORD"

400$=""

50 FOR X = 1 TO 4
60 GETKEY B$
700$=0% + B$
80 NEXT X

90 IF 0%< >P$ THEN PRINT 'WRONG
CODE-ACCESS DENIED":GOTO
110

100 PRINT"YOU HAVE GAINED
ACCESS"

110 END
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The Password program is useful, but a
clever user trying to gain access would
quickly discover the password by listing the
program. Modify the program so RUN/STOP
is disabled and the user cannot list the pro-

gram once it is running.

Experiment 5.1 Completed
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DEFINING FUNCTION KEYS

GETKEY is a useful command when a
program requires input of one stroke at a
time. You also sow that it is possible to
concatenate strings obtained with GETKEY,
but this is somewhat clumsy. Some pro-
grams require very long strings to be typed
repetitively, and for this your computer has
definable function keys.

You have used your computer's built-in
function keys for LIST,DSAVE, DIRECTORY,
etc. You have also probably purchased
software that programmed the function keys
to serve a number of purposes. In this sec-
tion we will learn how to redefine function
keys in direct and program mode, and
discover some of the ways these redefined
function keys can be used.

Here is the list of function keys on the
C128. You can use these function keys at
any time they haven't been given another
definition by software.

Key Function on C128
Fl GRAPHIC

F2 DIOAD

F3 DIRECTORY

F4 SCNCIR

F5 DSAVE

F6 RUN

F7 LIST

F8 MONITOR (HEIP on the PIUS/4
and C16)

To use any of the functions, just press the
key of the function you desire. The com-
mand appears on the screen, and is exe-
cuted.

Suppose you are using a program that
requires repetitive typing of long sequences
of keystrokes. An example of this might be
a telecommunications  program that uses
complex commands to operate the pro-
gram, or communicate with another com-
puter. You could program any common
command onto a function key and save
yourself considerable time and typing er-
rors.

The method for redefining a function is
very simple:

KEY number,"new  definition"

There are eight function keys you can
redefine. Remember that if you redefine a
function key you will have to reset the
computer to get the original functions bock.

You may wont to include the character
code for RETURN-CHR$(13)-as port of the
new key definition, soyou don't have to
press RETURNafter you press the function
key. There may be times, however, that you
want to program only strings onto the keys,
not actual functions, and in these cases you
will not need the CHR$(13).

Function keys can also be defined
within programs. let's write a program that
redefines function keys 1through 4 for use
in telecommunications.  We'll program a
telephone number, user number, password
and a common command:

10 KEY 1,"8005552121"+CHR$(13)
20 KEY 2,"22345321" + CHR$(13)
30 KEY 3,"SECRET" + CHR$(13)

40 KEY 4,"GO CBM" + CHR$(13)

You must place quotes around the defini-
tion.

RUN the program, and notice that the
keys now have the new definitions. Each
time you press a redefined function key the
computer responds "syntax error," but this
isonly because you are using the function
keys out of context. If you were running a
terminal software program for a modem,
the redefined function keys would be effec-
tive and helpful.

You have to reset the computer to
restore the original values. Other programs
you could write might redefine the function
keys for use throughout the program, then
restore the original functions when the
program is done executing. This process
avoids the need to reset the computer.

Try this example. It shows how to re-
store a function key to its original function.

10 PRINT"THIS PROGRAM DEFINES
THE FI KEY"

20 PRINT'TO BE YOUR NAME"

30 INPUT"YOUR NAME";N$

40 KEY 1,N$+CHR$(13)

50 PRINT"WHEN | ASK A QUESTION,
YOU JUST HIT THE FI KEY"

60 INPUT"WHO'S THE FAIREST";A$

70 INPUT"WHO'S THE SMARTEST";A$
80 INPUT"WHO'S THE GREATEST";A$
90 INPUT"WHO'S THE NARCISSIST";A$
100 KEY 1,"GRAPHIC"

110 END

RUN the program. After it stops, press Fl
again. It has been restored to its usual
function.

It is possible to program more than one
function onto a single function key. In fact,
the only limit to how many functions can be
programmed onto a function key isthe
program line length-only 160 characters
will be accepted as part of one line. For
example, create a function key that will
load a program from a directory, list it, then
run the program. Type NEW, then type

10 PRINT" "
20 PRINT"PIEASE INSERT YOUR DISK"

30 PRINT "HIT ANY KEY WHEN
READY":GETKEY A$

40 DIRECTORY

50 PRINT'"PIEASE ENTERTHE NAME
OF THE"

60 INPUT"PROGRAM YOU WISH TO
LOAD":N$

70 KEY1,"DIOAD" + CHR$(34) + N$ +
CHR$(13) + "LIST" + CHR$(13) +
"SLEEP7 + CHR$(13) + "RUN" +
CHRS$(13)

80 PRINT"PRESSFI WHEN READY"

Plus/4 and C16 users should delete the SLEEP
7 and CHR$(13) that follows it in line 70 for
this program to RUN.

Notice in line 30 we have used GETKEY
A$ more or less as "filler". The GETKEY
statement delays the program until the user
has put a disk in the drive and is ready to
continue. CHR$(34) in line 70 stands for the
quote symbol, needed in combination with
the DIOAD command.
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EXPERIMENT

92

t

IOAD and RUN the quiz on your disk for
this unit, QUIZ5 (or QUIZ5/4).

Experiment 5.2 Completed *
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UNIT 6:

Case
Study

TRIVIA PROGRAM

So far in this book, you've seen different
applications or examples demonstrating the
new BASIC commands, such as COLOR, DO
and IOOP, BEGIN and BEND, PRINT USING,
SLEEP,KEY and GETKEY.Now it's time for a
program that features all these commands
together.

Our case study program is a game of
question-and-answer  trivia. The main tasks in
writing a trivia program are to:

l-ask  questions and give choices for
answers

2-accept  answers

3-evaluate answers

4-keep  track of correct answers
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Different topics within the game make the
quiz more elaborate.

There are many ways to write a trivia
program. A good program might feature a
menu of different topics and multiple choice
questions for each topic. A scorekeeper also
odds to the attractiveness of the program.

The trivia program for this case study is
saved on your program disk under the nome
TRIVIA for the C128, TRIVIA/4 for the Plus/4
and TRIVIA/16 for the C16. The C16 version
does not contain all five trivia categories
due to memory limitations. The program is
broken down into sections for which flow
charts are provided. A complete listing
appears at the end of the program. You can
follow along by IOADing the program and
liSTing the line numbers specified for each
different routine. The algorithm for TRIVIA is
straight-forward:

—» Presents different
quiz options;
selects quiz topic

—» Sets up screen for
topic questions

MaIN MENU

-—3 Asks questions,
lists answers

— » Evaluates answer
given

—» Adds up score and
give % correct

The important subroutines that have to be
worked out are:

Selecting options from Main Menu
Setting up individual topic quizzes
Presenting quiz questions and answers
Accepting and evaluating answers given

Counting answers and calculating the
percentage correct

THE MAIN MENU

The main menu offers the user a choice
of quiz topics. Since trivia, by definition,
covers all subjects, we'll restrict our choices
to five popular topics: television, movies,
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sports, comics and music. The design of
menu is determined by the choices it off
Our menu consists of the five quiz topics
on EXIToption, so the user can quit the
program easily.

For the user to make a selection, we
can use one of the new commands we'v
reviewed: KEY,which can assign selecti~on
of each topic to a function key. The routi
for setting up the main menu looks like t

( START )

[

INITIALIZE
ALL
COUNTERS

|

PRINT
CLR

HOME

[

REDEFINE
ALL THE
FUNCTION KEYS

|

INITIALIZE
*C AND W

Y

PRINT
MENU
HEADING

*C and Ware counters for correct and
wrong answers.

The specifiC routine.for th.e pressing the
function key looks like thiS:

ROUTINE

MUSIC
ROUTINE

It's easy to assign topic selection to a func-
tion key with KEY. Use the GOTO statement
and assign the line number of each particu-
lar category's subroutine when redefining
each key. In this fashion, function keys 1
through 5 send the user to the subroutine for
television, movies, sports, comics, and
rnusic, respectively. Function key 6 lets the

user exit from the program into BASIC.
Function keys 7 and 8 are defined to return
the program to the main menu (GOTO 7).

PROGRAM LINES: LIST-1I0

Note: Remember after you have exited the
TRIVIA program, redefined function keys
retain the new definition until the computer
is reset or turned off.

CATEGORY ROUTINE

Each time a function key is pressed and
a category is selected, a new subroutine
comes into ploy. The routine is essentially
the some for all topics. We'll just look at the
routine for television.

Our task isto set up a specific category
screen and prepare to ask ten questions.
This entails designing the screen, directing
the program to the data for the questions,
and setting a counter to keep track of the
number of questions.

Notice that the COLORcommand sets
the screen background, foreground and
border colors. New colors are set in this
fashion in each category. The category
subroutine flow chart below begins with the
press of the appropriate function key.
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PRINT
CLEAR
HOME

[‘ TELEVISION

DATA BEGINS
AT 5000. C AND
W=0

SET SCREEN

PRINT
CATEGORY
HEADING

SET QUES-
TION COUNTER
TO1{Y=1)

FOR/NEXT
LOOP

QUESTIONS
ROUTINE

™
SUBTOTAL
ROUTINE
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PROGRAM LINES: LIST 140-250

line 200 sets variable IN to 5000, the line
number where the DATA statements with
questions and answer choices for this cate-
gory are located. Variables Cand W, setto
0in line 200, are used later to count an-
swers: Cfor correct, W for wrong responses.
Variable Y in line 230 holds a counter num-
ber displayed on the screen as the question
number. lines 240-250 set up a FOR/NEXT
loop containing a GOSUB statement. This
GOSUB transfers execution to another rou-
tine at line 4000, the quiz routine.

THE QUIZ ROUTINE

The heart of the program is the ques-
tion and answer routine. This routine must
establish the procedure for asking the ques-
tion, presenting the choices, accepting the
answer and evaluating the answer chosen.

The quiz routine can be broken down
into two routines: read question and evalu-
ate answer. The question routine follows
this flow chart:

[ START |}

)

READ QUESTION

NUMBER AND
QUESTION

AND ANSWER

QUESTION F
# = BEGINNING
QUESTION OF
SELECTED
CATEGORY

PRINT
QUESTION
COUNTER (¥}
AND SPACING

ADD 1 TO
QUESTION
COUNTER

PRINT
QUESTION

|

QUESTICN #
= QUESTION #
+1

- B=B+1

QUESTION # =
QUESTION #
+1

PRINT
QUESTION (B}

READ QUESTION
NG, QUESTION (B},
AND NUMBER

ROUTINE
TO CHECK FOR
ANSWER A

ROUTINE TO
CHECK FOR
ANSWER B

% ROUTINE TO
AN%%E CHECK FOR
- ANSWER C

END



PROGRAM LINES: LIST 3900-4120

Several commands from earl ier chapters
are included in this subroutine, such as
BEGIN/BEND, PRINTUSING and EISE.The
question and possible answers are READ
from DATA statements later in the program,
as directed by line 4000 (READQ,Q$,A).
PRINT USING creates a format for the ques-
tion number (variable Y) to be displayed,
for questions 1through 10 in each category.
BEGIN/BEND and ELSEare used with on IF/
THEN clouse that checks that the right ques-
tion is being read (variable Q must match
IN, which stands for line number of the
correct question). If Q doesn't match IN, the
EISEclouse returns execution to line 4000 to
start the question again.

Since the actual data for questions,
answer choices and correct answer are
contained in DATA statements at the end of
the program (from line 5000 on), the READ
statements in lines 4000 and 4080 each read
three variables: the number of the question
(to make sure that the right question for the
topic is being read), the string variable with
either a question or answer choice in it (Q$),
and a third number. This third number de-
termines the correct answer for the ques-
tion. The DATA statements for each question
are grouped in fours, for example:

5000 DATA5000,WHAT ROIE DID
RALPH WAITE PLAY ?,1500

5001 DATA5001,A) JOHN WALTON
ON THE WALTONS, 1

5002 DATA5002,B) GEORGE APPLE
ON APPLE'S WAY,2

5003 DATA5003,C) IARRY TAIT ON
BEWITCHED,3

The first number each statement
contains matches the line number. It is
read into variable Q in line 4000 and
compared to variable IN, which is a
counter that makes sure the right
question is being read.

The first statement then has a text
string that asks the question, read into
Q$. The other three statements feature
strings that give possible answers A, B
and C.

There is also a number after each
string. For the statement which asks the
question (5000 in this example), a
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number is read into variable A as a
direction to a subroutine. lines 4115-
4117 use this variable to transfer
execution to the subroutine for correct
answer. This value is either 1500 if
answer A is correct, 2000 if answer B is
right, or 3000 if C is the correct choice.
The DATA statements with answer
choices also have a number following
the string, but this number is a
"dummy" variable read into variable
according to line 4080. This keeps the
variables that are READ even, since th~e
READ statement in line 4000 is reading
three variables. If the wrong line were
read as a question, the program would
crash.

Once the correct question and answer
choices appear on the screen, execution is
transferred to one of three answer routines.

THE ANSWER ROUTINE

There are three answer subroutines,
each identical except for the answer that is
correct. The answer subroutine for the cor-
rect answer A (line 1500) begins by using
GETKEYto get a single letter for the answer
The letter assigned to the GETKEYvariable
should be A for a correct answer if the an-
swer isA. Any other key press is considere
a wrong answer. The subroutines for corre
answers B (line 2000) and C (line 3000) are
identical except for the value for the GETKE.
variable..

ANSWER
=A

PRINT_

“INCORRECT,

RIGHT ANSWER
IS A"

PRINT
CORRECT!

/
W=W+1

(WRONG ANSWERS |
PLUS ONE)

C=C+1
{CORRECT ANSWERS
PLUS ONE)

SLEEP 3

END Ct=C
TW =W

PROGRAM LINES: LIST 1490-1620

The variable W in line 1530 is a counter for
wrong answers, while the variable C in line
1570is a counter for correct answers. BE-
GIN/BEND statements make handling the
situation much easier. The SLEERtatement
in line 1590 is a delay to give the user time
to review the correct answer after it isre-
vealed in line 1520 or 1560. The RETURNin
line 1620 takes it back to the quiz question
subroutine, which isthen RETURNedto the
original category routine, to either ask
onother question (if less than ten have been
asked) or to go to the routine for scoring
total for that category.

five categories,
ing routine.

SCORING ROUTINES

PRINT TV
SUBTOTAL
HEADING

PRINT
NO. OF
CORRECT
ANSWERS

PRINT NO.
OF INCOR-
RECT
ANSWERS |/ W

CORRECT
ANSWERS

PERCENTAGE

After the tenth question for a category,
the scoring routine "announces"
score, based on number of correct answers
(variable C) and wrong answers (variable
W), as well as the percentage correct. There
is a separate scoring routine for each of the
as well as a final total scor-

the user's

PERCENTAGE
=0 |

= CORRECT AN-| | |
SWERS = 10 | 1———3

MULTIPLIED
By 10

TV SUBTOTALS

OF CORRECT ANSWERS
W CORRECT ANSWERS
= # OF CORRECT AND
INCORRECT ANSWERS

PRINT
THE
PERCENTAGE

RESTORE
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PROGRAM LINES: LIST 376-435

lines 390, 400 and 420 feature a PRINT
USING statements to format the numbers
displayed on the screen. The counter varia-
bles C and W are totaled in line 415 in varia-
ble TCfor use in the final score routine for
answer counts for the television category.
Other scoring routines features variables
MC, SC, CCand UC for movies, sports,
comics and music category totals, respec-
tively. line 410 figures the percentage of
correct answers by taking the total of correct
answers for the category (C) and dividing it
by the number of questions (10), and then
multiplying it by 100 to get the percentage.
line 425 creates a five-second delay so the
user can fully digest the scoring figures. line
435 sends the program bock to the main
menu.

The exit scoring routine (1370-1400)
does the some thing as the category scoring
routines, but uses the total score variables
(TC, TW, MC, MW, etc.) to find total score
and percentage. The last line of the subrou-
tine, line 1400, ends the program.

Since the function keys were redefined
with the KEYcommand in this program,
you'll have to turn your computer off and on
again to return the function keys to their old
definitions.
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EXPERIMENT

61

NIT 7:

Following the logic of the TRIVIA pro-
gram, odd another trivia category and
questions. Choose whatever category you
like. Change the screen colors to be differ-
ent from the other category screens. Re-
member to redefine another function key
and reproduce the other routines as they
are handled in the program.

Experiment 6.1 Completed *

Graphic
Commands
and
Drawing
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THE GRAPHIC COMMAND

To use any of the graphic commands to
draw shapes and lines, you must first create
a graphic area. This is done by issuing the
GRAPHIC command, either within a pro-
gram or as a direct command.

GRAPHIC can be followed by three
parameters:

First: Mode
O-normal 40-column  text
I-high-resolution graphics
2-high-resolution with
split screen

3-multicolor graphics
4-multicolor with split screen
5-80-column text (C128 only)

Second:  Graphic Clear Option
® 0O-0O0 not clear screen
I-Clear graphic screen

Third: Starting line for Split Screen
Can be used in mode 2 or 4
Default is 19

Split screen provides lines at the bot-
tom of the graphic screen for text.

The difference between high-resolu-
tion and multicolor modes is based on the
precision with which you can draw and the
number of colors available at one time.
GraphiC screens are divided into dots, or
pixels, that you use as screen coordinates
when plotting lines and shapes with graphic

0,0 319.0

0,199 319,199

When in a graphic mode, most or all of the
screen is used to show graphics. To return to
the normal40-column screen that displays
what you type, you'll need to type GRAPHIC
0 or GRAPHIC CIR. If you don't, it will seem
like the computer isn't responding at all
when you try to type, when in actuality you
just can't see what you're doing because the
computer is still displaying the graphic
mode. It might be a good ideo to program a
function key to execute the command to
toke you out of graphic mode and bock to
text mode, using the KEYcommand:

KEY 7,"GRAPHIC 0" + CHR$(13)
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*160,100 (Midpoint)
|

commands. The high-resolution screen is
broken down into more pixels than multi-
color and lets you draw with finer control of
the pixels on the screen. Although multi-
color has lower resolution (fewer pixels), it
allows you to use two additional colors. This
short program should illustrate some of the
differences between the graphic modes.

10 FOR X =1TO 4

20 GRAPHIC X,1

30 COIOR 1, X +2

40 PRINT "SPLIT SCREEN"

50 BOX 1,100,100,200,200" 1
60 FOR T=1 TO 100:NEXT T
70 NEXT X

80 GRAPHIC CLR

The lost line, GRAPHIC CIR, puts you bock in
normal40-column text mode. Notice how
the bottom of the screen iscut off in the
split-screen modes, and the printing ap-
pears in that area. Also, you can see how
the BOX command, even though the values
are exactly the some in all the modes,

draws a box in different places on the
screen in high-resolution and multicolor
modes. This is because the screen coordi-
nates are different in the two graphic

modes. While the screens are the some

size, the resolutions are different. BOX will
be reviewed in-depth in Unit 8. Here are the
screen coordinates for high-resolution and
multicolor modes:

0.0 159,0
*80,100
0,199 159,199

You should be aware of two things when
using the GRAPHIC command. The high-
resolution bit-mop mode uses 10,000 bytes
for the internal representation of the pic-
ture. This area isreserved when you give
the

GRAPHIC 1,1

command, and that port of memory is no
longer available for other uses such as
storing programs or variables. Since the
Plus/4 has 65,535 bytes and the C128 has
131,070, the loss of 10,000 bytes is not such
a serious matter.

Secondly, the
GRAPHIC 1,1

command destroys any string variables
which happen to exist when GRAPHIC is
issued. Placing the GRAPHIC command at or
near the beginning of the program, before
any strings have been used, ovoids this
problem.

THE COLOR COMMAND

The trade-off for greater resolution is
the capacity to use more colors in multicolor
mode. COLOR is the BASIC command used
to change the color of any screen element
(foreground, background, border and as-
signing additional colors for multicolor
mode). A typical example of the COLOR
command is

COIOR 1,5

The first parameter specifies color source
(the screen element involved), the second is
for the color. There can be a third value, as
mentioned earlier, for luminance for the
Plus/4 and C16, to give the command this
form:

COIOR 1,55

First:  Color Source
O-background

|-foreground (character on Plus/4)

2-multicolor 1

3-multicolor 2

4-border

5-character (C128 only)

6-80-column background color (C128
only)

Second:  Color (C128 values)

I-black 9-orange

2-white 10-brown

3-red 11-1 ight red

4-cyan 12-dark  gray
.5-purple 13-medium gray

6-green 14-light  green
.7-blue 15-light blue

8-yellow 16-light  gray

These values correspond to the color keys.
They are slightly different for the Plus/4 and
C16 computers. Values for colors 1 through
10 are the same as on the C128, but values
for 11to 16 are as follows:

ll-yellow green
12-pink

13-blue  green
14-light  blue
IS-dark  blue
16-light  green

Use the COLOR command in direct mode to
take a look at how the different shades look
in different areas of the screen. Try typing
these commands:

COIOR 1,11
COIOR 0,13

COIOR 0,4
COLOR 5,5

Experiment with the color values, and if you
are doing this with a Plus/4 or C16, a third
value for luminance if you are doing this
with a Plus/4 or C16, like this:

COLOR 0,5,7 (for the lightest shade
of purple for the
background)

This program uses COLOR to let you try
every different screen color combination.
By pressing number keys (1 and 2 for back-
ground color, 4 and 5 for foreground and 7
and 8 for border), you can cycle forward
and backward through the possible com-
binations of colors. When you find the
most attractive screen color combination,
press the Y key, and your screen is color-
coordinated. This program, entitled
COIORPLUS can be found on your program
disk. A Plus/4 version of this program with
additional control over luminance is on your
disk, entited COIORPIUS/4

10 PRINT'[ SHIET] and ] HOME J
SCREEN COIOR SELECTION"

20 COIORO,lI :COIOR4,2:COLORS5,2:
REM STARTING COIOR VALUES

25 XI =1: X2=2: X3=2

30 PRINT'"PRESS 1 OR 2 TO CHANGE
CHARACTER COIOR"

40 PRINT" AND 4 OR 5 TO CHANGE
BACKGROUND COLOR"

50 PRINT" AND 7 OR 8 TO CHANGE
BORDER COIOR"

60 PRINT'"PRESSY TO STOP"
70 PRINT" "

80 PRINT"THIS IS HOW THIS
CHARACTER COIOR"

90 PRINT"IOOKS ON THIS
BACKGROUND"
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100 GETKEY Q$

110 IFQ$ = "1" THEN X2 = X2 + 1
120 IFQ$ = "2" THEN X2 = X2-1
130 IF X2<1 THEN X2= 16

140 IF X2>16 THEN X2 = 1

150 IFQ$ = "4" THEN XI = XI +1
160 IF Q$="5" THEN XI =X/
170 IF XI <1 THEN XI = 16

180 IF XI >16 THEN XI = 1

190 IFQ$ ="7" THEN X3 = X3 + 1
200 IF Q$ = "8" THEN X3 = X3-1
210 IF X3<1 THEN X3=16

220 IF X3>16 THEN X3 = 1

230 IF XI = X2 AND Q$ = "1" THEN
X2=X2+1

235 IF X2>16 THEN X2=1

240 IF XI = X2 AND Q$ = "2" THEN
X2=X2-1

245 |F X2<1 THEN X2 = 16

250 IF XI = X2 AND Q$ = "4" THEN
X=Xl +1

255 IF XI >16 THEN XI = 1

260 IF XI = X2 AND Q$ = "5" THEN
Xl =XI-1

265 IF X1<I THEN XI = 16

270 IF Q$ = "Y" THEN 300

280 COIOR O,XI :COIOR5,X2:
COIOR4,X3

290 GOTO070
300 PRINT"[SHIET][ HOMEI":END

Glossary:

XI: Background color value
'X2: Character color value
X3: Border color value

Q$: String variable for key to
assign value to change
screen color

Note: To RUN this program on a Plus/4 or
C16, references to COLORS5 in lines 20 and
260 are changed to COLOR1. COIORPIUS/4
also includes changing luminance.

Welll concentrate on high-resolution
mode in this section and look at multicolor
graphics later.
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Write another screen color selection
program using FOR/NEXTloops to select
screen background and character colors.
Show each character color on each different
background color. let the user go through
the different combinations until they find
one to their liking. To speed up the pro-
gram, allow the user to choose the screen
border color at the outset, and give them
the option of skipping to the next back-
ground color without going through all 16
character colors each time. Follow this flow
chart to design the program.

SELECT BORDER
COLOR

\
FOR X1
1 18] 1

DISPLAY BACKGROUND
COLOR
COLOR 0, X4

)
e FOR X2

1 |16 1

YES

NO

DISPLAY CHARACTER
COLOR
COLOR 5, X2

( NEXTX1 )

¥ Experimem 7.1 Completed
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DRAWING ON THE SCREEN

The simplest computer pictures consist
of collections of "points" or foreground
pixels. To draw a point in the foreground
color, use the command

DRAW 1,X,Y

where X and Y are the screen coordinates of
the point. This is illustrated in the following
program, which draws a mathematical

curve by plotting a series of points:

10 COIOR 0,8

20 GRAPHIC 1,1

30 COIOR 1,1

40 FOR X =0 TO 315 STEP5

50 Z = X-160

60 Y = 0.0001 *(Z 3 + 100*Z 2-
10000*Z) +50

70 DRAW 1.X.Y
80 NEXT X
90 END

Type in this program and RUN it. It shows a
curve of black points on a yellow back-
ground. Each point is one pixel. The pro-
gram has several interesting features:

The first three commands create a
yellow display area and select block as the
foreground color. line 40 sets X, which is
used as the horizontal screen coordinate, to
move across the display area in steps of 5.

The main loop of the program runs
from line 40 to line 80. lines 50 and 60
calculate a value for Y in terms of X. The
formula is selected to produce a wavy line
(the details of the calculation are not impor-
tant for our purposes). line 70 plots a Single
point at screen coordinates X,Y, and line 80
makes the machine repeat the loop for the
next value of X.

Notice part of the curve is outside the
display area. For example, when X = 300
the value of Y is about 478, which is outside
the screen. The program shows you what
happens if you try to plot a point outside the
limits of the display area-nothing.

The formula implies that the values of
Yare often fractional, such as 1.64326.
When given such a screen coordinate, the
computer takes the nearest lower whole
number, so 1.64326 is interpreted as 1.

After examining the curve on the
screen, you may want to modify or store the
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program. Remember, since you are still in
high-resolution graphic mode, that you
won't be able to see what you type until you
return to text mode.

A quick way to return to text mode on a
C16 or C128 isto hit the FI key (which prints
the word GRAPHIC), then press zero and
RETURN.As soon as you do so, the ordinary
screen with the character listing comes
bock.

Another way to get bock to the main
screen isto put the command GRAPHIC 0 at
the end of your program. This has the draw-
back that your picture disappears as soon as
it is complete. This can be avoided with a
sequence like this at the end of a program:

85 GETKEY A$
88 GRAPHIC 0

Now the picture won't disappear until you
hit a key.

If the program contains any errors, it
will automatically return to the character
screen. This gives you yet a third way of
switching from the picture to the characters:
type any line with a deliberate error, such
as GRAPHIC by itself, followed by RETURN.

When pixels are close together, they
merge to form a continuous line. Change
line 40 in the program so that X goes up in
steps of 1 (rather than 5) and run it again to
see the effect.

Use the "dot-plotting"  technique to
draw some interesting curves. Here are
some suggestions for curves. Make these
routines into graphic programs. Remember
to number each line and to start the pro-
gram by issuing a GRAPHIC command.

(a) Parabola:
FORX=0TO 189
Y = 199-(X-80) 2/60
DRAW 1,X,Y
NEXTX

(b) Circle:

FORJ= 0TO 359

X= 160 + 80*SIN(J*rt/180)
Y = 100 + 60*COS(J*1/180)
DRAW 1,X,Y

NEXTJ

-

(c) Sine curve:
FORX = OTO 319
Y= 100 + 90*SIN(XI25)
DRAW 1,X,Y
NEXTX

Experiment 7.2 Completed

LINE DRAWINGS

One method of drawing a line isto plot
a row of pixels next to each other, like this:

10 COIOR 0,6

20 GRAPHIC 1,1

30 COIOR 1,3

40 FOR X = 30 TO 270

50 DRAW [ X,75

60 NEXT X

70 GETKEY D$:GRAPHIC 0

This program draws a straight horizontal
line between the points with coordinates

(30,75) and (270,75)

This method is time-consuming.  Fortunately,
the computer provides a more convenient
way of drawing lines. You can extend
DRAW by attaching the word TO and the
screen coordinates of an "end point." This
produces a straight line between the two
points defined in the command. look at
these two examples:

DRAW 1,30,75 : Plots a pixel at
(30,75)

DRAW 1,30,75 TO : Plots a line

270,75 between (30,75)
and (270,75)

The machine is not limited to drawing hori-
zontallines as in this example, but can draw
them in any direction. Most useful drawings
consists of several lines, joined at the ends.
For example, you could draw a square with
the commands:

DRAW 1,50,50 TO 100,50

DRAW 1,100,50 TO 100,100
DRAW 1,100,100 TO 50,100
DRAW 1,50,100 TO 50,50

50,50 to=—100,50
50,50 100,50
A
to to
¥
50,100 100,100

50,100 ¢——to 100,100
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If you examine this sequence, you will
notice that every point is mentioned twice.
For example, the point (100,50) appears as
the end point in the first command and also
as the starting point in the second com-
mand. To avoid this repetition, the system
uses the concept of a "current position." In
most cases, the current position is simply the
place where the lost pixel was drawn.

When you write the DRAW command,
you can leave out the starting point, and the
machine will simply assume that the line is
to start from the current position. Once the
line has been drown, the current position is
reset to the end point.

Using this ideo, you could rewrite the
commands to draw the square as:

DRAW 1,50,50 TO 100,50
DRAW 1 TO 100,100
DRAW 1 TO 50,100
DRAW 1 TO 50,50

50,50=——— 10——100,50
A
to to

¥
50,100 fo 100.100

The starting point still has to be specified in
the first command. To make all the DRAW
commands the some, you can use the IO-
CATEcommand, which does nothing except
set up a new current position. The keyword
isfollowed by a pair of coordinates, like
this:

LOCATE 104,82

Using IOCATE, another way of drawing the
square isto write

IOCATE 50,50

DRAW 1 TO 100,50

DRAW 1 TO 100,100

DRAW 1 TO 50,100

DRAW 1 TO 50,50
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This is especially useful if the DRAW com-
mand is inside a loop. For example, this
program will draw any shope you wont,
according to the data points you enter:

10 COIOR 0,1

20 GRAPHIC 1,1

30 COIOR 1,2

40 READ K

50 READ XY

60 IOCATE X,Y

70 FORJ = 1TO K

80 READ P,Q

90 DRAW 1 TO P,Q

100 NEXT J

110 GETKEY A$

120 GRAPHIC 0

130 END

140 DATA 5: REM NUMBER OF
POINTS

150 DATA 240,100: REM STARTING
POINT

160 DATA 95,147: REM POINTS TO BE
VISITED

170 DATA 185,23
180 DATA 185,176
190 DATA 95,52

200 DATA 240,100

Press any key to return to the text screen.
DRAW is so flexible that the options are still
not exhausted. The first parameter after the
keyword controls the color of the dot or line
produced. In this position, a "1" selects the
current foreground color. "0", however,
implies "background color", so that the
command can be used to delete lines al-
ready drawn. Here, for example, isa pro-
gram which draws a flashing cross:

10 COIOR 0,2

20 GRAPHIC 1,1

30 COIOR 1,1

40A=1

50 DRAW A,140,70 TO 160,70
60 DRAW A,150,60 TO 150,80
70 FOR | = 1 TO 300: NEXT I
80A=1-A

90 GOTO 50

In this program line 70 acts as a delay to
stop the cross flashing too fast. line 80
switches the value of A between 1and 0 on
alternate passes through the loop.

Finally, DRAW can produce several
connected lines at the same time. You can
keep on adding "TO" and another end-
point, and in each case the command will
draw another straight line linked to the end
of the previous segment. For example, the
square discussed earlier could have been
drawn with

DRAW 1,50,50 TO 100,50 TO 100,100
TO 50,100 TO 50,50

The limit to the number of segments is set by
the maximum command line length of 80
characters.

EXPERIMENT
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Using graph paper, draw a picture
consisting of a few straight lines. Either a
geometrical figure or an artistic drawing
will do. Then carefully work out the coordi-
nates of the ends of each line, and write a
program to reproduce your picture on the
screen. Putthe coordinates in DATA state-
ments, so that you can easily adapt the
program to different pictures.

Experiment 7.3 Completed
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UNIT 8:

Higher

Level
Graphic
Commands

Commands for choosing colors and plotting
points are often called graphics "primitives,"
because they provide the framework on which
everything else is built. With these commands
you can, in principle, draw any picture; without
them you can do nothing. But, in practice, the
creation of pictures isdifficult and tedious if you
are restricted to the primitive commands. The
computer therefore provides a selection of
"high-level" commands which do common but
complicated tasks automatically.
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Three high-level
review are: BOX, CIRCLE and PAINT. Before
it is worth dwelling on
is common to all three

going into details,

one feature which
commands: they each toke numerous
parameters.  For example, BOX can be
followed by no fewer than seven parame-
ters, all of which may be numbers, varia-
bles or expressions.

mand would be:

BOX 1,30,50,80,100,15,1

commands  we'll ues. For example, the fourth and fifth

the "current position" on the scr.een.
rates it from the following parameter.
there are no more parameters you can

A possible BOX com-
BOX 1,10,60

token by default. In the command

The parameters are, as usual, separated by

commas.

Quite a few of the parameters in these
commands are optional, and if they are not
supplied the machine

BOX 1,3,12"™ 1

the missing parameters are the fourth,

and sixth.
takes "default" val-

DRAWING RECTANGLES WITH BOX

The BOX command lets you draw a

rectangle anywhere

on the screen. The

rectangle can be of any size and point in

any direction.

The seven parameters of box are as

follows:
First:

Second and Third:

Fourth and Fifth:

Sixth:

Seventh:
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Color
1for foreground color, O for background.

The screen coordinates  of one corner of the rectangle.

The screen coordinates  of the opposite corner of the rectangle.
If these coordinates are not supplied the computer tokes the "cur-
rent position" as default.

The angle of rotation, in degrees.

If this angle is zero, then the rectangle is drown with its corners at

the positions given by parameters two to five. Otherwise it is turned

about its center before being plotted.

Note that:

0) The angle of rotation isin degrees, not radians as used for SIN
and COS.

b) If the rectangle is rotated, it doesn't pass through the selected
corner points at all.

This parameter  controls the color of the inside of the rectangle.
If the parameter is O, the rectangle isdrown in outline only. If the
value is 1, it is painted as a solid block of color.

parameters in the BOX command default
If you wont to leave out a parameter,

you must still put in the comma which sepa-

leave the commas out. For example, in

parameters four, five, six and seven are all

After you have drawn a box, it may be a
good idea to use the IOCATE command to
place the cursor where you wont it.

Here are some programs that illustrate
different aspects of drawing boxes. Each
program uses the BOX command to create a
different effect. Type each in one at a time
and RUN them. Ploy around with the
parameter values to get a feel for how the
BOX command can be used.

The first program draws boxes of
identical size on the screen in a consistent
pattern.

10 COLOR 0,2

20 GRAPHIC 1,1

30 COLOR 1,1

40 REM*****BOXES
PLACES

50 FOR J =12 TO 282 STEP 30

60 FOR K=3 TO 183 STEP 15

70 BOX 1,JKJ + 25K + 12

80 NEXT K,J

100 GETKEY A$:GRAPHIC 0

IN DIFFERENT

Things you can try changing:
Size of the boxes (lines 50, 60 and 70)
EXAMPLE: 70 BOX 1,JKJ + 30K + 6

Placement of the boxes (lines 50, 60
and 70)

EXAMPLE: 50 FOR J =5 TO 285 STEP50
60 FOR K= 10 TO 200 STEP 40

The next program draws solid boxes of
different colors, arranged in two "stag-
gered" columns.

10 COLOR 0,2

20 GRAPHIC 1,1

30 COLOR 1,1

40 REM*******COLORED BOXES

50 FOR J=1TO 5

60 COLOR 1,J + 2

70 BOX 1,30%J,36*J-30,30*J+50,
36 - 2" 1

80 COLOR 1,J+ 7

90 BOX 1,30* J + 100,36* J - 30,30*
J+ 150,36* J- 2" 1

100 FOR L=1 TO 500: NEXT L

110 NEXT J

120 GETKEY A$:GRAPHIC 0

Things you can try changing:

Colors of boxes (lines 60 and 80)
EXAMPLE: 60 COIOR 1,J + 3

Number of boxes (variable J in line 50)
EXAMPLE: 50 FOR J=1TO 3

Size and relative placement of boxes
(lines 70 and 90)

EXAMPLE:
70 BOX 1,50,30* J, 100,30* J + 20" 1
90 BOX 1,200,30* J,250,30* J+ 20" 1

The third program creates a circular design
by drawing a series of boxes by increment-
ing the angle of rotation.

10 COLOR 0,2

20 GRAPHIC 11

30 COLOR 1,1

40 REM*******ROTATING BOXES

50 FOR J=1TO 11

60 BOX 1,100,80,240,120)*360/11

70 NEXT J

80 GETKEY A$: GRAPHIC 0

Things you can try changing:

Colors of boxes (line 30)
EXAMPLE: 30 COIOR 1, 5

Number of boxes (variable J in line 50)
EXAMPLE: 50 FOR J=1TO 25

Note: This change may not seem evident,
since the program may be redrawing lines
that are already plotted.

Placement or size of boxes (line 60)

EXAMPLE:
60 BOX 1,50,50,150, loo,J*360/11

Degree of box rotation (line 60)

EXAMPLE:
60 BOX 1,100,80,240, 120,J*360/6

The dimension of the BOX command con-
trolled by each parameter is sometimes

most obvious when you change more than
one parameter to see how the new dimen-
sions combine to change the shape. In the
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lost program, this is best demonstrated by
changing lines 50 and 60 together, for
example:

50 FOR J =1 TO 200
60 BOX 1,100,80,240, 120,J*360/200
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EXPERIMENT

(a) Write a program to fill the screen with a
"brick wall" like the one shown below.
Use the BOX command to draw the
wall, with each row of bricks staggered.
Use the COLORcommand to change the
screen background color to orange or
red, and the character color to black or
gray for mortar.
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(b) Write a program using the BOX com-
mand and DRAW commands to make a
cube.

e

/

(Hint: Make two boxes, and use DRAW
commands to connect the upper left corner
of one box to the upper left corner of the
other, upper right to upper right, and so on.)

Experiment 8.1 Completed *

CIRCLE

The CIRCIE command is one of the most
versatile in BASIC. We shall explain CIRCLE
by giving many examples to show how it
can be used to plot triangles, half-ellipses,
incomplete polygons, and so on.

The basic geometric form underlying
all the other shapes generated by the
CIRCLEcommand is the gllipse. This is es-
sentially an oval with a center, a horizontal
radius (xa) and a vertical radius (yo), as
shown in this drawing:

center point

CIRCLEoOkes nine parameters, as described

in this list:

Parameter Purpose

First: I-Use foreground color
O-Use background color

Second and Third: The screen coordinates of the
center of the ellipse.

Fourth: Horizontal radius of the ellipse
Fifth: Vertical radius of the ellipse
Sixth: Starting angle (degrees)
Seventh: Ending angle (degrees)
Eighth: Clockwise rotation

Ninth: Step size (degrees)

For now, we'll concern ourselves with the
first five parameters, and use the default
values for the lost four.

Here are some simple examples of
CIRCLEcommands:

CIRCLE 1,90,120,50,10

Default

Foreground color

Current position

Horizontal radius
0
360
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plots an ellipse in foreground color, cen-
tered at (90,120), with a horizontal radius of
50 and a vertical radius of 10.

CIRCLE 1",5,60

draws an ellipse centered at the current
cursor position, and with radii of 5and 60
units.

When the fifth parameter is left out, it
defaults to the some value as the fourth
parameter. The horizontal and vertical radii
are now equal, and a command such as

CIRCLE 1,150,200,40

actually draws a shope with horizontal and
vertical radii of 40 units, centered at
(150,200). This is not a perfect circle, but on
ellipse. This is due to the pixels being
slightly wider than toll. To draw a perfect
circle, a slight adjustment must be mode.
The ratio of width to height of pixels isthe
aspect ratio. The aspect ratio varies, de-
pending on your monitor, but is often ap-
proximately 5 to 4. On many monitors, a
radius of 65 and a vertical radius of 50 may
form a perfect circle.

When you have drawn on ellipse or
circle, the "current position" is left some-
where on the circumference. It is advisable
to reset the cursor position with IOCATE.
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EXPERIMENT

(0) Write a program to draw a picture of

touching circles and ellipses,

like this:

(b) IOAD and RUN the program RUG. It

creates rings of ellipses that resemble a

throw rug. Change the dimensions of
the CIRCLEcommand to round the

ellipses into evenly-rounded

Experiment 8.2 Completed

*

circles.

The sixth and seventh parameters of CIRCLE
let you draw ports or arcs of circles and
ellipses.

Arc

Suppose you wont to draw the arc of the
circle shown by the heavy line. Once you
know the center and radius of the circles,
the arc is defined by the two angles A and
B. If the arc is to be drown clockwise, A is
the "starting angle" and Bthe "ending
angle." The angles are measured in de-
grees, like compass bearings.

To get a part-circle, all you need to do
isto supply the angles A and Bto the CIRCLE
command as parameters six and seven.
You could draw the arc pictured above by
putting:

CIRCLE 1,100,100,50,40,45,150

(This assumes that angles A and Bare 45
and 150.degrees, respectively.)

The some system can be used to draw
parts of ellipses. Here, for example, isa
short program that draws on egg, made up
of a half-circle and a half-ellipse.

10 GRAPHIC 1,1

20 CIRCLE 1,150,100,65,80,270,90
30 CIRCLE 1,150,100,65,50,90,270
40 GETKEY A$:GRAPHIC 0

If the starting and ending angles are not
provided, the system tokes the default
values of 0 and 360, and the entire figure is
drawn.

Parameter number eight allows the
whole figure (circle, ellipse or arc) to be
rotated about the center. This is unnecessary
for circles (since they're round, rotating has
no effect), but useful for drawing ellipses
with sloping diameters. The parameter

specifies the clockwise rotation in degrees.
For example, this command draws an
ellipse with its major axis sloping at 30
degrees:

CIRCLE 1,150,80,100,20",30

A short program to illustrate rotation of an
ellipse:

10 GRAPHIC 1.1

20 FOR X =0 TO 180 STEP30
30 CIRCLE 1,150,100,40,80,,,X
40 NEXT X

50 GETKEY A$:GRAPHIC 0

The loop in lines 20-40 resets the variable X
to rotate the ellipse 30 degrees each time it
is drawn.

If the eighth parameter is absent, it
defaults to zero (no rotation).

The ninth and final parameter for
CIRCLEcan be used to draw polygons. Nor-
mally, when the system plots a circle or
ellipse, it takes positions 2 degrees apart on
the circumference and joins them with short
straight lines. These segments are so small
that it appears to be a smooth curve.

This angle isthe "step angle," and can
be varied from its two-degree default. The
larger the step angle, the fewer points are
plotted and the more defined are the lines
joining the points. A shope isformed with
the number of "sides" based on the formula
360 degrees divided by the step angle. For
example, a step angle of 120 forms a trian-
gle (360/120 =3), one of 90 draws a square
(360/90 = 4), a step angle of 72 creates a
pentagon (360/72 =5), and so on.

The "step size" is supplied to CIRCLEas
the ninth parameter. The command to draw
a pentagon would be

CIRCLE 1,100,100,50",72

IOAD and RUN the program TRIANGLES to
see an example of how a value for the step
angle of the CIRCLEcommand can be used
to create other shapes, such as triangles.
The "step size" can be used with the
other options to produce a large variety of
shapes. For example, if the base curve ison
ellipse instead of a circle, the polygon will
appear flattened. |If starting and finishing
angles are supplied, the polygon will be
open. To get the right figure, you should
ensure that the total arc angle (the differ-
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ence between the starting and ending an-
gles) isan exact multiple of the step size.

A command to produce a flattened
open pentagon is

CIRCIE |, 15,100, 100,20,36,324,,72

Note that the total arc angle equals 288
(324-36), a multiple of the step angle of 72.

70

EXPERIMENT

83

(a) IOAD and RUN the program OCTAGON.
This program draws two offset spiraling
octagons in different colors. After see-
ing it, LISTthe program and change the
CIRCLEcommands to create the some
effect with:

Triangles
Squares
Triskadecahedrons (13 sides)

(Hint: Change the lost parameter in all the
CIRCLEstatements from 45 to Z, and odd a
line defining variable Z as 360 divided by
the number of sides you wont.)

(b) Write a program to draw a dashed
ellipse, like this

-
/ \\

/

\
™~ ~

ey am—

/

(Hint: Draw the ellipse first, then make
dashes by using the parameters to draw
arcs, selecting the arc angles to produce
intermittent ports of the ellipse.)

Experiment 8.3 Completed

PAINT

The PAINT command is used to fill
complete areas of the screen with color.
Unlike most other commands, PAINT is not
restricted to simple geometrical figures. It
can handle any shope. All that is necessary
isthat the area to be pointed should initially
be blank (background color), and com-
pletely bordered by pixels of foreground
color. For this purpose, the edge of the
screen counts as a "border". It is also possi-
ble to erose the color from areas that have
already been colored.

The PAINT command normally takes
three parameters, like this:

PAINT 1, 150, 100
First:  Color Source

O-to point area with foreground color
I-to use background (default)
2-Multicolor |

3-Multicolor 2

Second and Third: the screen coordinates
of any point inside the area to be painted.

To see the PAINT command in action, enter
and run the following simple program:

10 COLOR 0,2

20 GRAPHIC 1,1

30 COLOR 1,1

40 CIRCLE 1,100, 100,50
50 PAINT 1,100,100

60 CIRCLE 0,100, loo,40
70 PAINT 0,100,100

80 GETKEY A$:GRAPHICO

In this program, command 40 draws a cir-
cle, and command 50 fills it in with the
foreground color. line 60 now draws a circle
in background color, and command 70
paints it over, leaving a ring of foreground
color only.

The PAINT command is easy to use, but
there are two special conditions of which
you should be aware.

First, it is essential that the area being
pointed be COMPLETEIY surrounded. A gop
of even one pixel will let the paint leak out
and flood the picture. To illustrate this,
change the program in your machine by
adding

45 DRAW 0,50,100

This command puts one white pixel into the
circumference of the circle. When you run
the program the damage will be obvious.

The other problem arises when two
colored areas touch. The screen is divided in
"cells" of 64 pixels each, and only one
foreground color is allowed in each cell.
When the PAINT command puts the current
foreground color into any pixel, it changes
the color byte and this affects all the pixels
in the cell. To see this effect, RUN the fol-
lowing program:

10 COLOR 0,2

20 GRAPHIC 1,1:COLOR 1,5
30 CIRCLE 1,150,100,70

40 CIRCLE 1,150, 100,50

50 PAINT 1,150,60, |

60 COLOR 1,8

70 PAINT I, 150,35, 1

80 GETKEY A$:GRAPHICO

When PAINT is coloring complicated areas,
its action is remarkable to watch. When the
flood of color has to divide into two
branches, the machine postpones filling
one of them but comes bock when it has
completed the other.

To see this effect in action, IOAD and
RUN the program PAINTDEMO. This pro-
gram first draws a maze in black and white
and then fills ports of it in different colors.
RUN the program a few times to observe the
filling action of the PAINT command. Type
RUN and press RETURN(even though you
won't be able to see what you type) to rerun
the program. When you're through with it,
reset the computer or type GRAPHIC 0 and
press RETURN.

71



This final program utilizes nearly all the
graphic commands reviewed in the last two
chapters. This program creates a three-
dimensional design, which happened to be
the symbol of the 1939 New York World's
Fair, a sphere and a pyramidal tower.
Sketching the design first and plotting the
relevant points makes it much easier to
draw in a program using graphic com-
mands. Here is a diagram of the design,
featuring the important screen coordinates:

a0 80 120 16 200 240 280 £l

239

The program to create this image, for C128,
Plus/4 and C16 computers:

10 GRAPHIC 1,1
15 REM**DRAW  SPHERE
20 CIRCLE 1,110,124,40,28
30 CIRCLE 1,110, 124,24,28,0, 180
35 REM***DRAW  PYRAMID
40 LOCATE 180,145
50 DRAW TO 200,5 to 220,145
60 IOCATE 200,5:DRAW to 202, 155
70 LOCATE 180, 145:DRAW TO
202, 155 TO 220,145
75 REM***DRAW  BASE
80 BOX 1,50,161,250,180
90 DRAW 1,250,161 TO 280, 137 TO
280,154 TO 250,180
100 DRAW 1,280, 137 TO 146,137
110 DRAW 1,50,161 TO 78,140
120 DRAW 0,183,137, TO 201,137
125 REM***FILL IN SHADING
130 PAINT 1,137, 124:PAINT 1,210, 145
140 PAINT 1,270, 147:PAINT 1,202,80
1000 GETKEY A$:GRAPHIC 0
This lets you see how all the commands can
be integrated to create one cohesive
deSign, and how plotting the points first
makes writing graphic programs easier. You
can change the colors in line 5 for the com-
bination that looks best on your computer.
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EXPERIMENT

3+4

UNIT 9:

(0) Add a single line to the first BOX pro-
gram (that drew a grid pattern of boxes)
to PAINT the area outside of the boxes
block.

(b) Write a program that draws a checker-
board pattern on the screen. Then use
the PAINT command to fill in every
other block with red or black, like on a
checkerboard.

(c) IOAD and RUN the program HOUSE
DRAWING or HOUSEDRAWING/4.
Notice that the grass area is blank;
PAINT the area green.

*

Experiment 8.4 Completed

Graphic
Topics

We have reviewed the elementary com-
mands for creating computer graphics, as well as
some of the more advanced time-saving com-
mands. There are additional commands and
concepts which you can use to place text in
pictures and designs, change the screen coordi-
nates, save and recall what is pictured on certain
areas of the screen, use additional colors, and
more.
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MULTICOLOR MODE

Multicolor mode is an alternative
graphic mode to high-resolution.  With'
multicolor mode, it is much easier to draw
pictures in many colors, but you give up the
high-resolution sharpness of detail. You
can enter multicolor mode by issuing the
GRAPHIC command with the first parameter
of 3 or 4. For instance

GRAPHIC 4,1

puts you in multicolor mode with a split
screen, and clears the graphic screen.

A major difference between multicolor
and high-resolution modes on all three
computers is there are 160 pixels in each
row of a multicolor, as opposed to 320 in
high-resolution mode. A multicolor pixel is
twice as wide as a high-resolution  pixel.
There are still 200 rows of pixels in a full
screen display, or 160 rows if a split screen
isin use.

o S R I
Multicolor High-resoiution

With COLOR, you recall, the first parameter
specifies color source. Values of 2 and 3 for
color source refer to registers that hold a
particular color for use in multicolor mode.
Using COLOR in multicolor mode is like
selecting colors in high-resolution, except
that you can use colors assigned to source 2
and 3 in your picture. For example,

COLOR 3,9

fills the 'color3' register (multicolor 1) with
orange.

You are already familiar with COLORO,
COLORI and COLOR4 in other contexts.
You will remember that colors in the regis-
ters can be changed at any time. In DRAW,
BOX, CIRCLEand PAINT, the first parameter
indicates the color source to be used. This
allows any of the color registers (0, |, 2 or 3)
except the border to be selected for the
command. So the statement

BOX 2,50,50, 100, lo0" |

draws and fills in a box using the color
assigned to color register 2.
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IOAD and RUN the program SWIRLSfor
an example of how you can use the extra
colors that multicolor mode affords you.

SWIRLScreates spiral designs com-
posed of triangles. Each side of the each
triangle is a separate random color assigned
to a different color source (foreground,
multicolor land 2). A colorful nautilus shell
pattern emerges from repetition of these
triangles rotated around a moving axis,
repeating the some colored sides in a spiral
series of enlarging triangles. Notice the
TRAPstatement in line 5 (TRAP900) that sets
up a trap routine such as the ones described
in Unit 3. If there ison error, the program
leaves multicolor graphic mode and enters
normal text mode. This routine could also
include a RESUMEstatement transfering
execution to another port of the program
when on error occurs.

There is one important difference in the
color registers between the C128 and the
Plus/4 and C16. On the latter two comput-
ers, the two background colors, O and 3, are
constant over the whole picture. If you draw
a blue patch using color 3, and then change
color 3 to point a yellow patch, the blue
patch changes to yellow as well. On the
other hand, the two foreground colors can
vary over the screen, as long as there are
not more than two different foregrounds in
each color cell. To put this a different way,
the two foreground colors are stored sepa-
rately for each of the looo color cells, but
the two background colors are only stored
once for the whole picture. Multicolor mode
on the C128 does not treat background
colors in this fashion.

EXPERIMENT

91

‘

(a) Write a program that uses the BOX
command and three color sources of
boxes (with colors generated randomly)
to form a colorful "sideways V" design
across the screen, like this:

—

*

Experiment 9.1 Completed
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USING TEXT WITH GRAPHICS: THE CHAR
COMMAND

Many graphic screens need to feature
some writing as well as pictures. This is
especially important for graphs anddia-
grams, but may also be necessary for artistic
pictures such as backgrounds to games.

The command to put characters into a
graphic screen is CHAR. The keyword is
followed by four parameters:

EXAMPLE: CHAR 1,20, 10,"EXAMPIE",0

First: Color of the characters
I-current foreground
0-background color

Second and Third: the position of the left-hand
be displayed, by character
screen coordinates: CHAR assumes that the

These are not normal

end of the string of characters to
row and column numbers.

screen is divided into 40 columns and 25 rows.

Only character set | (capitols and graphics) can be used.

Fourth: The string to be displayed.
Fifth: Reverse print (background
0-normal print
I-reverse print on

When you use CHAR, be aware of its restric-
tions. First, the special coordinate system
limits where you can put your string of
characters on the graphics screen. You

are reSTricted to the some positions as are
available for normal character display,
unless you arrange to move the charac-

ters afterwards.

Secondly, the characters you may use
are restricted; you are limited to capital
letters and graphic symbols. There is there-
fore no way of using lower case letters, or
characters you define yourself. The system
uses the ASCII codes in the string to get the
character definition contained in set I.
Special codes like CHR$(14), which would
normally switch the display to set 2, are not
correctly interpreted.

The actual use of CHAR is not difficult.
Here, for example, isa short program which
displays a title, centered and boxed:

10 COLOR O]

20 GRAPHIC 1,1

30 COLOR 1,2

40 CHAR 1,13, 10,"INTRODUCTION"
50 CHAR 1,18,12,"TO"

60 CHAR 1, 16, 14,"BASIC"
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color printed on foreground)

70 BOX 1,103,75,201,125

80 BOX 1,98,70,206,130

90 PAINT 1,99,71

100 GETKEY A$:GRAPHIC 0

Note that the first "I" of the word INTRO-
DUCTION is in character cell (13, 10). This
means that its top left-hand corner is at
PIXEL(104,80). In general, the character cell
coordinates must be multiplied by 8 to get
pixel coordinates.

0 = 39
CHARACTER COORDINATES
0 - 319
PIXEL COORDINATES
0 0
Pixel Coordinate (P*8,Q*8)
[CHTATR]
Character Coordinate (PQ)
Y ¥
24 199

When the CHAR option is used on a multi-
color screen, each character isonly four
pixels wide. This damages the shope of the
character, but text is still easily readable.

SSHAPE AND GSHAPE

These two commands are used for
"holding" complex shapes and reproducing
them on the screen in various positions.

The keyword SSHAPEstands for 'Save
SHAPE'. The parameters which follow de-
fine a rectangular area of the screen. The
details of this area are preserved, in coded
form, in a named string variable.

GSHAPE stands for 'Get Shape'. The
command specifies a string and on area of
store. The system assumes that the string
contains a coded shope and reproduces the
shape in the given position on the screen.

The parameters for SSHAPEare:

EXAMPLE: SSHAPE A$,20,30,50,50
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First: The name of a string variable.
This variable is used to store the shape in coded form.

Second and Third:  The screen coordinates of the top left-hand corner of the area

to be saved.

Fourth and Fifth: The screen coordinates of the bottom right-hand corner of the

area to be saved.
Similarly, the parameters for GSHAPE are:

EXAMPLE: GSHAPE AS$, 100, 100,0
First: The name of the string which contains the coded shope.

Second and Third:  The coordinates of the top left hand corner of the area where

the shape is to be reproduced.

Fourth: The 'mode' of reproduction.
0 is the default, the straight-forward copying of the shape. Well
cover the other values for this parameter shortly.

SSHAPEand GSHAPE are always used to-
gether. SSHAPE makes a box around on
area of the screen and holds the informa-
tion for producing whatever shape is in that
box. GSHAPE tokes what's in the SSHAPE
box and redraws it anywhere on the screen.
Here is a simple example:

the character mode, you get a jumble of
apparently random characters.

Once the shape has been preserved, it
can be drown anywhere on the screen.
Commands 90 and 100 give two possible
positions.

You can draw and redraw this shope
wherever and as often as you like on the

10 COLOR 0,2 coroon 1 you ahange. the ondl of the pro
20 GRAPHIC 1,1 gram 1o read
30 COLOR 1,1 _
90 FOR X =10 TO 300 STEP30
40 FORJ = 0 TO 5: REM DRAW
SHAPE loo FORY =10 TO 150 STEP 45
110 GSHAPE B$,X,Y
50 BOX 1,100,100,130,110,i*30 $
60 NEXT J 120 NEXT Y, X
65 REM SAVE SHAPE 130 GETKEY A$:GRAPHICO
70 SSHAPE B$,100,90,130,120 you'll find the entire screen nearly filled
80 SCNCIR with the shope.

When you use GSHAPE and SSHAPE, be
aware of the following.  First, all strings in
CBM BASIC are restricted to a maximum of
255 bytes. When a string is used to preserve
a shape, each byte holds 8 pixels, as well as
certain other overheads as well. This limits
the size of shope you can store to about
2000 pixels. For example, a string could just
hold on area of 50*40 points.

Secondly, the SSHAPEcommand does
not preserve any color information. You can
reproduce the shape in any color you like: it

85 REM PLACE SHAPE ON SCREEN
90 GSHAPE BS$, 10,10

100 GSHAPE B$,50, 150

110 GETKEY A$:GRAPHICO

In this program, lines 40 to 60 draw a pat-
tern on the screen. The pattern is entirely
contained within the area whose corners
are at (100,90) and (130, 120).

Once the shope has been drawn, it is
‘captured' by the SSHAPEcommand in line
70. The contents of the screen in the given depends on the foreground color selected
rectangle are converted into a string of when GSHAPE is obeyed. In the multicolor

bytes and put into variable BS$. Although this mode, the SSHAPEand GSHAPE commands
variable is still a string, it can't be treated work similarly. The computer stores only the
like an ordinary string. For example, if you color source assigned to draw each part of
try to PRINT this variable after going bock to the shape, but not the actual color that was
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in the color register. When the area is repro-
duced with GSHAPE, the colors used to
recreate the shapes are the ones currently in
the color registers when GSHAPE is issued.
They can be entirely different from the ones
when the shape was stored.

Thirdly, there is no simple way to put in
a shope as a 'predefined constant' or as a
set of data values. Every shope must actu-
ally be drawn on the screen and then
stored.

The fourth parameter in GSHAPE
(mode) takes any of the five values O to 4.

0 means that the shape isto be drown
into a cleared area; any port of the
picture already there is destroyed.

| isthe same as 0, except that the shope is
drown with background and foreground
interchanged-that is, like a photo-
graphic negative.

2 causes the shope to be 'OR'ed with the
existing picture. Every foreground pixel
in the shope is copied to the screen
(overwriting what's there), but the other
pixels already on the screen are left as
they are.

3 makes the machine 'AND' the shape
with the existing picture. Every 'back-
ground' pixel in the shape is copied (as
a background pixel) but the other pixels
are left unchanged.

4 specifies on 'EXCLUSIVE OR' operation
between the pixels of the shape and of
the existing picture. The effect changes
the existing screen pixel (from fore-
ground to background or vice versa)
wherever the shape has a 'foreground'
pixe1.

Option 4 isone of the most useful. If you use
it to place a shope on to a blank screen, the
shape appears in its normal colors. How-
ever, if you put the shope into on area of
foreground, it comes up inverted. In either
case, if you put the shope into the some
position a second time, again using option
4, it will disappear. This works correctly no
matter how complex the background, so
you can use option 4 to move a shope across
an existing picture without leaving a trail of
destruction.

Enter and RUN this program to see how
option 4 works on different color fields:

10 GRAPHIC 4,1

20 COLOR 0,1 :COLOR 1,7:COLOR
2,2:COLOR 3,3

30 FOR A = 1 TO 45: REM DRAW
TRICOIORED RING

40 BOX 1,30,30,45,45,A

50 BOX 2,30,30,4545, (22.5 +A)

60 BOX 3,30,30,45,45,(45 +A)

70 NEXT A

80 SSHAPE A$,20,20,50,50:REM  SAVE
RING SHAPE

85 REM DRAW COLORED BOXES

90 BOX 1,50,20,80,50,,1

100 BOX 2,80,20,110,50" |

110 BOX 3,110,20,140,50" 1

115 REM REDRAW SHAPE ON
COLORED AREAS

120 GSHAPE A$,62,20,4

130 GSHAPE A$,92,20,4

Notice how the ports of each ring that are
the some color as the pointed area they are
located on change color to the background
color of block, and the other colors are
reversed from the original as well.

Add the following lines and watch
what happens:

140 FOR DE = 1T0200:NEXT DE:REM
DELAY LOOP

150 GSHAPE A$,62,20,4
160 GSHAPE A$,92,20,4

Do you understand why that happened? The
EXCLUSIVEOR first put the "opposite" colors
on every background the first time you use
GSHAPE in that place. The second GSHAPE
causes the opposite colors from the shope to
be placed in that location, which is like re-
coloring with the original colors. You can
experiment with GSHAPE by changing the
last parameter value to |, 2and 3, and
placing the shape on the different colored
areas.
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EXPERIMENT

9:2

(0) Without changing the lost program, odd
one line so the tricolored ring is re-
drawn in purple, green and yellow.

(b) Using CHAR, GSHAPE and SSHAPE, work
out a method of putting text at any pixel
position on the screen. Build your sys-
tem into a subroutine which takes the
following parameters:

Al$ : The string to be displayed

XLYI: The display position (top
left-hand) corner of the first
character)

Devise and run a simple test program for
your subroutine.
(Hint: Use CHAR to put the string at a fixed
position. Then capture it with  SSHAPEand
use GSHAPE to put a copy where you want
it Remember to remove the string as writ-
ten by CHAR.)

Assume the string is not more than 20
characters long.

Experiment 9.2 Completed
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SCALE

The SCALEcommand changes the way
the machine interprets screen coordinates.
If you turn on scaling by the command

SCALE |

then both the X and Y dimensions of the
screen are token to run from 0 to 1023. The
scaled coordinates of a point in the middle
of the screen are (511,511).

For the C128, you can add parameters
to change the default scaling of 1023. A
second parameter specifies the maximum
value for X and a third defines the scaled
coordinate for Y. This number can be as
high as 32676 for both X and Y coordinates,
so a possible command might be

SCALE 1,255,200

In practice, a scaled picture is still drown as
a collection of pixels, with the number per
row or column depending on the GRAPHIC
mode. Since there are always more scaled
positions than pixels, several scale points
'mop' to the some screen position. For ex-
ample, the scaled point (511,511) is indistin-
guishable from (510,510).

It's easy to see the effect SCALEhas on
the screen coordinates. The following pro-
gram draws a triangle inside a rectangle
with normal (unscaled) screen coordinate
values, and then it repeats the somes com-
mands with scaled coordinates. The differ-
ence is apparent.

10 GRAPHIC 1,1

20 FOR A =0 TO 1

30 SCALE A

40 BOX 1,10,10,310,190

50 CIRCLE 1,160,100,60"",120
60 NEXT A

70 GETKEY A$:GRAPHIC O

If you change line 30 to read
30 SCALE A, 32000,32000

you'll see an even more striking difference.

Scaling is useful for some mathemati-
cal applications. It can be turned off by
writing

SCALE 0

You can see how SCALEcan be used to
create an interesting effect with changing
sizes in a program by looking at SWIRLS
again.

The Plus/4 version of the SCALEcom-
mand is similar to the C128, except you can
only use the first parameter to turn scaling
on or off (lor 0). The scaling coordinates
automatically default to values of O-1 023
for both X and Y coordinates.

EXPERIMENT
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(a) IOAD and RUN the program SCALESor
SCAIES/4. Change the second and third
parameters for each SCALEcommand to
see how that affects each row of rings.

Note that because of the SCALEcommand
form on the PIUS/4 and C16, you cannot
change the parameters in this experiment.

(b) IOAD and RUN the program QUIZ9 or
QUIZ9/4, which contains questions
about graphics based on the material in
Units 7,8 and 9.

Experiment 9.3 Completed
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UNIT 10:

Sound
and
Music

This unit describes the BASIC commands that
let you program music on the Plus/4, C16, and
C128. Although these computers use similar
commands, the parameters are different be-
cause they have different sound chips. This unit
is broken down into two parts: Sound and Music
on the Plus/4 and C16, and Sound and Music on
the C128.

83



SOUND AND MUSIC ON THE PLUS/4
AND C16

The Plus/4 and C16 have one chip
responsible for sound and video production.
load the program DEMO SOUND, turn up
the volume on your TV or monitor and play
through the selection of sound effects. This
gives you some idea of what the TEDchip
does in the way of sound production. Your
computer also creates actual melodies.

Sound production on the Plus/4 and
C16 is controlled by two commands, VOL
and SOUND. Combinations of these two
commands can create a full range of musi-
cal notes and an infinite variety of sound
effects.

VOL

VOL command has one parameter,
which ranges from 0 to 8.

The command is, in effect, a volume
control. The sounds are at their loudest
when you have declared:

VOL 8
and reduced to silence with:
VOL 0

Intermediate degrees of volume are se-
lected by other VOL values.

When you run a program containing
sound, you may also have to turn up the
volume control on your TV or monitor.

SOUND

The command used to produce an
actual tone is SOUND. Each SOUND
command must be followed by three
parameters:

First:  Voice
+ 1-musical tones
+ 2-musical tones
« 3-sound effects (white noise)

Note: Voice 3 is not truly an independent
voice, but rather Voice 2's ability to create
noise as well as tones. In addition, noise is
white, that is, not unpleasant, at certain
frequencies (600-900).
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Second:  Sound register (pitch),
which determines how high or low
the sound will be

« This value must be in the range
0-1023. Certain values will
generate pitches not usually
audible.

The higher the value, the higher the pitch.
The following short program plays all the
possible pitches:

10 VOL 7

20 FOR J =0 to 1023

30 SOUND1 J, 1

40 NEXT J

Third: duration, how long the sound

« This value must be in the range 1
65535. Duration ismeasured in
jiffies, or 1/60ths of a second.

For example, a note of 60 jiffies will last one
second, and a note of 30 jiffies lasts half a
second.

Try these SOUND examples; remember
to NEW the computer's memory after each
trial.

1) Machine Gun

10 vOL 7

20 FOR L= 1TO 30

30 SOUNDS,920,4

40 FOR C = 1TO 50:NEXT C
50 NEXT L

60 END

Notice Voice 3 in a high register simulates
the rapid fire of a machine gun. line 40 is
an empty loop to take up space between
bullets.

2) Steam Engine

10 vOL 7

20 FOR 0 = 20 TO 6 STEP -1
30 FOR P= 1TO 4

40 SOUNDS,850,D

50 SOUND1, 1021,0*2

60 NEXT P

70 NEXT 0

80 FOR X = 1TO 60

90 SOUNDS3,850,D

100 SOUND1, 1021,0*2
110 NEXT X
120 END

A steam engine issimulated by steadily
decreasing the duration of a Voice 3 sound
and repeating the sound in rhythmic pulses.
In line 50, the sound register 1021 in Voice 1
is not audible separates the sounds. By
doubling the duration for the separation
command, making the inaudible sound
twice as much long as the audible sound,
we accent the pulsing of the wheels.

3) Foghorn

10 VOL 7

20 FOR X = 1TO 3

30 SOUND1 ,5,90

40 SOUNDS,1012,90

50 FOR J = 1 TO 3000:NEXT
60 NEXT X

The foghorn uses a combination of two
sounds: a low tone in Voice 1and a buzzing
sound in Voice 3. Many combinations are
possible.

CREATING SOUND EFFECTS

Developing sound effects on the com-
puter involves a combination of skill, good
luck. There is no formula for reproducing a
sound such as a gunshot or a birdcall. There
are, however, guidelines you can follow so
that your sound effect experiments are
more than just random button-pushing.

The task can be broken down into
several parts:

1) What voice should be used?

Isthe sound a combination of musical
tones? Or does it have a buzzing or brushy
sound best suited to Voice 37? In some cases
a combination of voices will enable you to
create recognizable sound effects. Hint: a
surprising variety of sounds are created
from musical tones.

2) Isthe sound steady, or does it fall or
rise?

If the sound changes drastically in pitch, you

may need a series of SOUND commands.
Consider using a FOR-NEXT loop to control
the changing pitch if the change is regular.

3) Does the sound have a regular or ran-
dom pattern?

Once you have determined the qualities of
the sound, begin to experiment. Set up a
simple program that creates a sound which
rises, or falls, or follows the pattern you
have determined. Plug in different values
for voice, sound register and duration until
you arrive at the sound you want.

An interesting way to hear the variety
of sounds the Plus/4 and C16 can create isto
use random values for frequency and dura-
tion. The RND command can be used to
define the sound register and duration.

Try this program:

10 VOL7

20 FORJ = 1TO 10

30 S= ((RND(0)*1023) =+ 1)

40 0 = ((RND(0)*60) + 1)

50 SOUND1 ,S,D

60 NEXT J
This program generates a series of varied
tones. Notice that line 50 indicates all the
sounds should be produced by Voice 1. If
we add another RND statement to allow the

computer to use any voice, we should a
greater range of sound. Add:

45 V = ((RND(0)*3) + 1)
50 SOUND V,S,D

When you run the program with the added
line, notice several types of sound. In some
cases the sounds overlap. This should give
you more ideas for the variety of effects
possible.
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EXPERIMENT

a) Write a program that simulates the
sound of a rocket blasting off.

« The engines warm up while a beep
counts down ten seconds. Then all
the engines fire and the rocket takes
off. The sound of the engine dies off
as it moves further and further from
the earth.

b) Write a program to respond audibly to
quiz questions. One portion of the pro-
gram will create a bright beeping if a
correct answer is given. The rest of the
program responds with a brash noise to
an incorrect answer.

« Experiment with different sounds for
the responses.

* Incorporate the program as a sub-
routine within the TRIVIA program
from Unit6.

Experiment 10.1 Completed *

CREATING MUSIC

Use the SOUND command to make
your computer play tunes. Each note of a
melody can be played by its own SOUND
command. Try the following program,
which plays the first line of a familiar tune:

10 VOL7

20 FOR X =1TO 3

30 SOUND1 ,739,45:SOUND1, 1023,2
40 NEXT X

50 SOUND1,770,15

60 SOUND1,798,45

This method of creating music would rapidly
get out of hand; a song of average length
might take hundreds of SOUND commands
to reproduce. luckily, there are other ways
to supply the computer with the appropriate
values for the SOUND commands.

READ/DATA statements work very well
for programming music. We enter the val-
ues for each note, both sound register and
duration; we set up a loop to read the data
for one note; play that note; and loop back
to read the values for the next note.

To separate each note, place a tone in
an inaudible sound register between each
note in the song. A duration of two jiffies is
usually sufficient to provide a gap between
the notes. This is especially useful in songs
which have notes that repeat, such as the
example above. Place these two commands
at the end of that program:

70 SOUND 1,400,30
80 SOUND 1,400,30

Run the program. Instead of two short notes,
the computer plays one long one. That's
because the computer finishes one note and
immediately plays the second. The two
commands produce exactly the same

result as:

SOUND 1,400,60

because the two notes run together without
any gap. Add :SOUND1, 1023,2 to line 70
and the problem is solved.

load and run the program "Swansong"
from your program disk. When you list the
program, you'll see a six-line program, then
line after line of data scroll on the screen.
The program's structure is simple:

10 vOL 7
20 READ XY

25 IF X=O THEN END

30 SOUND1 XY
35 SOUND1, 1020,2
40 GOTO 20
100-210 DATA

line 20 reads the data for each note
line 25 checks for a terminator

lines 30 and 35 play the note and an

inaudible separator

Note
Octave 1:
C

C#/Db

D#/Eb

F#/Gb

G#/Ab

AH/Bb

Octave 2:

C#/Db

D#/Eb

F#/Gb

G#/Ab

A#/Bb

note

Sound Register

169
217
262
305
345
383
419
453
495
516
544
571

596
621
643
665
685
704
722
739
755
770
784
798

« line 40 loops back to the READ
statement.

Almost any melody can be created with
exactly the same program, just different
DATA lines. But unless you know what
values to use for the various notes in the
scale, programming music is almost impos-
sible. The chart below contains the sound
registers for the notes of a chromatic scale
over a range of several octaves.

Note Sound Register
Octave 3:

C 810
C#/Db 822
D 834
D#/Eb 844
E 854
F 864
F#/Gb 873
G 881
G#/Ab 890
A 897
AH/Bb 904
B 911
Octave 4:

C 917
C#/Db 923
D 929
D#/Eb 934
E 939
F 944
F#/Gb 948
G 953
G#/Ab 957
A 960
A#/Bb 964
B 967

Sound Registers on the Plus/4 and C16
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MUSICAL THEQRY

Before you can begin to program music
on your own, you need to have some idea
of the relation of the letter names of the
notes to written music. Here is a diagram
showing three octaves of notes, with their
corresponding  letter names.

: T T A
¢ Middle [3
C

In music, the whole note isthe basic mea-
sure, whether it is subdivided into half,
quarter, eighth or sixteenth notes. For prac-
tical purposes, however, the quarter note is
generally used as the standard for the
tempo, that isthe "speed",of the music.
Four beats equal one whole note. Here are
some important musical symbols and their
time values. On the right side of the chart
are the symbols for notes, the moments
when sounds are made. On the left are

rests, or breaks between musical sounds.
RESTS
- Whole
- - Half
“ } ; : Quarter
L T T Eighth
i ‘ i i
v B B e LR L T Sixteenth
A RARERERELELTEL
NOTES
O Whole
[ | Haolf
P~
J J J J Quarter
.
) ) A h | J Eighth
s 9 ' o

MM STITTTT e
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To translate a melody from written
code your computer
the task into several

1)

music to
can understand, break

steps:

Write down the sound register value for
each note. It may be helpful to copy the
music onto a piece of paper, replacing
the note symbols with their correspond-
ing letters. Refer to the list of sound
registers to locate the value for each
note.

Determine the duration of the quarter
note. In slow music try 60 or 30 jiffies as
the quarter note value. If there are
sixteenth notes, try 64 or 16 as the quar-
ter note (making it easier to subdivide
into sixteenth notes). Write down the
duration next to each note.

Copy the musical program
READ-DATA statements).
lines with your own data:

(with the
Replace DATA

Start with the first note in the song.
Type its sound register, and then its
duration. Then type the values for the
second note, and so on. Remember-
separate each piece of data with a
comma.

Continue until the entire song is coded
in DATA statements. It is helpful to place
each measure of the song in one DATA
line followed by a REMstatement such
as :REM MEASURE ONE. Perhaps, di-
vide the DATA into musical phrases. It
isn't necessary to divide the DATA; you
are limited only by program line length
(160 characters).

EXPERIMENT

Create a program to play the following

piece of music:

Turkey In the Straw

FE DEDCDF G A BA FADE

F

3

FEDE FE E FE D EDC D F G

+ Al F'sand C's are sharp-thisis
by the # symbols at the left of each staff,
called the key signature.

signified

» Use 10as the eighth note length.

Experiment 10.2 Completed
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SOUND AND MUSIC ON THE C128

The Commodore 128 is capable of
producing sophisticated sound effects or
complex musical compositions. It can pro-
duce three independent voices (sounds)
simultaneously, giving you a great deal of
creative freedom in sound production.

There are two ways to produce sound
on the C128, each with a separate set of
commands. Either method can be used to
produce sound effects or music, but one is
more suited to simpler sound effects and the
other method lends itself to musical compo-
sition.

SOUND EFFECTS

Production of sound effects can be
accomplished with only two commands:
SOUND and VOI.

VoL

VOL is a volume control. Unless you set
the volume level, the sounds you create
may not be audible. VOL has only one
parameter, volume level, which must be in
the range 0to 8. VOL O turns off the sound
and VOL 8 isthe loudest level. You may
need to turn up the volume on your monitor
or TV set in order to hear the sound effects
you are creating.

SOUND

A typical SOUND command for the C128
might look like this:

SOUND1 ,2000,60,1,300,20,1

The SOUND command has eight parame-
ters, the last five of which are optional.

SOUND vc,freq,dur,dir,min,svwf,pw

First: VoiCe-1, 2or 3

Second: FREQuency-in  the range O0-
65535

Third: DURation-in 60ths of a

second, called jiffies

Fourth: DIRection-set  the DIRection, o
"sweep", in which the sound
in incremented/decremented

=
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0-increment
1-decrement
2-oscillate

the frequency upwards
the frequency downward
the frequency up and down

Fifth: MINimum frequency (in the
range 0-65535) if the sweep
(DIR) is selected

Sixth: Step Value for the sweep (in
the range 0-32767)

Seventh:
O-Triangle
1-Sawtooth
2-Variable Pulse
3-White Noise

Wave Form (0-3)

TRIANGLE

AN
A

SAWTOEITH

‘ L PULSE WIDTH H

VARIABLE
PULSE

NOISE

It is only necessary to understand that
triangle, sawtooth and variable pulse
waveforms produce similar but distin-
guishable sounds, while the white
noise waveform produces non-musical
noise.

Eighth: Pulse Width, the width of the
variable pulse wave form, in
the range 0-4095

Only the first three parameters-Voice,
Frequency, and Duration-are necessary in
order to create a sound. Try this program:

10 VOL 5
20 SOUND1, 10000,60

When you run the program, the 128 plays a
pitch in voice 1 at frequency 10000 for 60
jiffies (one second).

Change the frequency value in line 20
to 40000. When you run the program again,
the computer plays a much higher pitch. In
general, the greater the frequency number,
the higher the pitch.

With the three necessary parameters,
only combinations of musical tones can be
created. But as you experiment with sound
on the C128, see how many sound effects
are accomplished by skillful manipulation
of musical tones. Try the following:

10 VOL 5

20 FOR X = 1500 TO 300 STEP-20
30 SOUND1 )X, 1

40 NEXT X

The program creates a groaning sound. line
10sets the volume level. lines 20 to 40 form
a FOR/NEXT loop that plays a pitch for a
fraction of a second, then decreases the
frequency slightly and plays another pitch.
Because the change in frequency between
notes is minimal, each individual note is not
distinguishable.

The C128 creates a similar effect with-
out the FOR/NEXT loop if you use all the
parameters in the SOUND command. Add
this line to your program:

50 SOUND1 ,2000,60,1,300.20,1

The program plays two similar sounds, but
each iscreated in a different way. line 50
tells the computer to playa pitch invoice 1,
starting at frequency 2000. The "sweep" or
direction of the sound is downward (DIR =

1) and the sweep continues downward by
increments of 20 until a frequency of 300 is
reached. The triangle waveform ischosen.

This should give you some ideas about
how powerful the SOUND statement is. You
can eliminate loops to alter the pitch of a
sound, because the DIR parameter handles
that. You can alter the waveform (see MU-
SIC on the C128) to create different sounds.
Try changing the 1at the end of line 50 (for
sawtooth waveform) to a 3. Depending on
the frequency, waveform 3 creates a brushy
or rumbling noise. Run the program with
waveform 3. It sounds something like an
airplane taking off.

MAKESOUND, on your program disk,
lets you input values for all the possible
SOUND parameters. Use values in the range
for that parameter. Experiment with differ-
ent waveforms and try other frequency
values. The program runs until you hit RUN/
STOPor reset the computer.

Notice that when declaring an upward
sweep, the selected frequency isthe high
point of the sweep. The starting point of the
sweep is contained in the MIN parameter.
With a downward sweep, a negative step
value is unnecessary, because you declare
the sweep isto go downwards.
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EXPERIMENT

103

Write a program that generates random
sounds, using the VOL and SOUND
commands.

« Becareful in constructing the random
statements to multiply the seed value for
the random number by the appropriate
value for each parameter. Notice that 1
should be added to some, but not all, of
the generated numbers in order to in-
clude the proper range of values.

The screen should be outlined in aster-
isks, then use a window to scroll the
values of the various parameters, which
should appear in random colors.

Allow each sound to continue until the
user presses a key.

*

Experiment 10.3 Completed
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PROGRAMMING MUSIC

You have learned how to create sound
with  VOI and SOUND. BASIC 7.0 has a set of
commands that makes programming music
easier than ever, and gives you more pre-
cise control over the sound you create. Tell
the computer to PLAYa note (calling the
note by its letter name) and the SID chip
creates the sound. Anyone who reads music
at all can program the C128 to produce
recognizable tunes.

Sound is made up of vibrating air
waves. These waves oscillate (move) at a
certain rate (frequency). The faster the
frequency, the higher the pitch. Two notes
of the same frequency, played on different
instruments, will not sound the same. This is
because each sound has a number of differ-
ent characteristics. A unique combination of
these various characteristics creates the
differing nature of sounds, called timbre.
For example, a trumpet and a clarinet can
play "middle C" but because of their differ-
ent timbres, the sound will not be exactly
alike.

The C128 has a command, ENVELOPE,
which lets you simulate sounds with differ-
ent timbres. Once the ENVELOPESs set, PLAY
activates the SID chip and sound is pro-
duced. You can also easily set the tempo of
the music you are programming.

ENVELOPE

A note changes in volume several
times during its duration, and these changes
in volume are called attack, decay, sustain,
and release (ADSR):

Attack the rate at which a note
reaches its peak volume
Decay the rate at which a note
decreases from its peak to its
midranged (sustain) level
Sustain  the mid-ranged volume level
Release the rate at which a note

decreases from its sustain
level to its zero level
Here is a diagram of ADSR.

SUSTAIN LEVEL --

The C128 can alter each of the four parame-
ters of the ADSR, giving you control over the
properties of the sound. In addition, the
C128 has 10 preprogrammed  ADSR settings,
contained in the ENVELOPE that allow you
to easily recreate the sound of particular
instru ments.

A typical form of ENVEIOPE looks like

this:
ENVELOPE 1,5,3,6,6,1,200

The ENVELOPEcommand has seven
parameters. Use a comma for default
parameters or specify new values.

ENVELOPE e,a,d,s,r,wf,pw

First: Envelope number, in
the range 0 to 9

Envelope

Number Instrument Attack Decay Sustain Release
0 Piano 0 9 0 0
1 Accordion 12 0 12 0
2 Calliope 0 0 25 0
3 Drum 0 5 5 0
4 Flute 9 4 4 0
5 Guitar 0 9 2 1
6 Harpsichord 0 9 0 0
7 Organ 0 9 9 0
8 Trumpet 8 9 4 1
9 Xylophone 0 9 0 0

Second through fifth: ADSR settings
- attack rate, in the range 0 to 15
« decay rate, in the range 0 to 15
« sustain level, in the range 0 to 15
« release rate, in the range 0 to 15

Sixth: Waveform, the type
of wave created by the
variety of harmonics of a note.
O-triangle
1-sawtooth
2-pulse  (square)
3-noise
4-ring  modulation
Seventh: Pulse width (for the

pulse, or square wave
form), in the range 0 to 4095

Wave-

_h
9
3

O~ OWO R~

Width

1536

512
2048
512
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The pulse widths that create the most solid
sounds fall in the middle of the range. At
both the high and low extremes of the
range the notes sound thin and hollow.

ENVEIOPEis the command which con-
trols the qualities of the sound being cre-
ated. When you begin to program music on
the C128, use the predefined envelopes. But
as you experiment, take advantage of the
power of ENVEIOPEto create exactly the
sound you want.

TEMPO

Once you define the nature of the
sound, TEMPOcontrols the speed of the
tune. TEMPOhas only one parameter,
which falls in the range O to 255, where 255
is the fastest tempo. The default value is 8.

PLAY

Without PLAY, ENVELOPEand TEMPO
are useless. PLAY lets you describe what
notes to play. The PLAY command has a
number of parameters, but only one is
essential: the musical note.

Try this command:

PLAY"CDEFGAB

Don't forget the quote mark. The keyword
PLAY is always followed by a string of syn-
thesizer control characters and musical
notes. This command causes the computer
to playa portion of a musical scale. Default
values for all the other parameters were
used.

Now add another Cto the end of the
string. If you are familiar with music, you
might expect the command to play the
second C one octave higher than the first, to
complete the scale. But since you haven't
told the computer which octave to use, all
the notes are in the default octave. In order
to gai n more control over the PLAY state-
ment use all the parameters.

PLAY has two types of parameters:
parameters relating to the notes them-
selves, and synthesizer control parameters.
Each parameter value is preceded by a
letter code; the order of the parameters has
no effect.

NOTE PARAMETERS

Duration-you can determine the
relative length of each note to the others.
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Place one of the following
the letter name of the note:

characters before

W whole note (default)
H half note
Q quarter note
I eighth note
S

sixteen note

For an introduction to written music and
musical symbols, see the section of this unit
entitted Musical Theory (in the Plus/4 and
C16 portion of the unit).

Playa rest (beat of silence) with Rinstead of
a note, and place the appropriate duration
letter before the R. For example, change the
PLAY command above to:

PLAY "Q CDEFGAB WR Q CDEFGAB

This command plays quarter notes up the
scale, rests for the duration of a whole note,
then plays the quarter note scale again.
Notice that you define the duration once,
and it remains until you change it. In the
example above, the quarter note duration is
used for the first scale, but isthen redefined
as whole note. To make the second scale
sound like the first, place a Q before the first
note in the second scale.

Spaces in your PLAY command do not
affect the sound; plenty of spaces add read-
ability.

Create dotted notes, notes of one and
one-half times the usual duration, by plac-
ing a period (.) before the letter name of the
note. If you want to switch from quarter
notes to a dotted half note (equal to three
quarter notes) try:

PLAY "QC .HD QEFGAB

Without discussing any other parameters,
you can create simple tunes with the PLAY
statement and duration parameter:

10 TEMPO 15

20 PLAY "Q CDEC QCDEC

30 PLAY "Q EFHG Q EF HG

40 PLAY "IGAGF QEC IGAGF QEC

50 PIAY"Q CC HC Q CC HC
line 50 of this little program doesn't sound
exactly the way you expected it to. This is
because we are still working within the
default octave. To sound the way we expect

that musical phrase to sound, we must
change the octave.

Create sharp or flat notes by placing #
for sharp or b for flat before the letter name
of the note. These "accidentals", as they
are called in standard music notation, only
take effect for the note immediately follow-
ing the # or b.

SYNTHESIZER PARAMETERS

There are five sound synthesizer
parameters available for the PLAY state-
ment. The characters to type and the possi-
ble values for each parameter are listed
below.

SOUND SYNTHESIZERPARAMETERS

Control Parameter Default
Code Range Description ~ Setting
\Y 1-3 Voice 1
o 0-6 Octave 4
T 0-9 Envelope 0
U 0-15 Volume 9
X 0-on Filter 0

1-off

These synthesizer control characters can
appear in any order, but for the best results
place the characters in PLAY statements in
the order shown above. Knowing all this
about the synthesizer controls, modify

line 50 in the program that played "Frere
Jacques"

50 PLAY "QC 03G 04HC QC 03G
04HC

Notice you have to revert back to octave 4
ofter changing to octave 3 for the low note.

You are already familiar with the C128's
three independent voices.

The C128 has a range of 7 octaves, about
the same as a piano

(It might help you to think of this as tone,
or timbre). If you want to use any of the

predefined envelopes, place Tn (where n
is the number of the envelope you desire)
in your PLAY statement. If you refine the

sound with an ENVELOPEstatement, how-
ever, be sure to use the "new" envelope's
number in the T parameter.

The volume parameter controls the volume
note by note, if desired, rather than play-
ing an entire song at one volume level.

Filters are used to further refine the sound
created by PLAY statements. There are
several types of filter, to be discussed
later. For now, we'll leave the filter con-
trol off in all our PLAY statements.
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Place the spaces in the PLAY strings wher-
ever it seems most logical to you. Without
spaces these strings are difficult to interpret.

USING SYNTHESIZER CONTROLS

Much of music programming on the
C128 is a matter of personal preference. The
only way to hear the variety of sound the
C128 produces isto experiment. Begin by
adding an envelope (Tn) parameter to each
of the PLAY statements in Frere Jacques.

You have already heard what the tune
sounds like in the default (piano) envelope.
Place T4 in line 20:

20 PIAY"T4 Q CDEC CDEC"

When you run the program, it plays the
song in the flute envelope, which sounds
very different from the piano. Change the
T4to T8, and run the program again. This is
the trumpet envelope. Try all the pre-set
envelopes (see Figure 10-9). You may have
to reset the SID chip by pressing RUN/STOP
and RESTORBbetween each experiment.
Notice that with some envelopes each note
is distinct, while other envelopes run the
sounds together.

So far you have used only the default
envelopes. By placing an ENVEIOPE com-
mand in your program you can change the
envelopes slightly or drastically to create a
different effect.

Add this line to your program:

15 ENVELOPES,3, 15,6, 1,2,512

You have redefined the trumpet envelope
with a shorter attack, longer decay and
sustain, and kept the same release, wave-
form and pulse width. Change the T4 in line
20 to T8 and try the program now. Then
change line 15to:

15 ENVELOPES,3, 15,6, 1,0

This time you have changed the square
waveform to a triangle waveform. When
you run the program the sound is very
smooth compared to previous trials.

You can adjust the volume within your
sound programs. Add U2 immediately after
the quote in line 20, and U15 after the quote
in line 40:

20 PLAY™ U2 T8
40 PIAY"U 15
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To hear the effect of the volume control,
change the waveform in the ENVELOPE
command back to 2 (square). Continue to
experiment with various ENVEIOPEs and
other synthesizer controls. Remember,
RUN/STOP and RESTORFEesets the SID chip
each time you change a parameter.

FILTERING

You have experimented with all the synthe-
sizer and note parameters except one, Xn,
the filter command. Set the filter with a
separate command, then turn it on within a
PLAY statement.

The SID chip is capable of three kinds of
filtering:

low-pass filters filter out sounds above a
cutoff frequency you specify. The sounds
are not eliminated entirely, but their vol-
ume level is attenuated (drastically
reduced). A low-pass filter creates solid
sounds.
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High-pass fi lters filter out sounds below the
cutoff frequency. This filter creates tinny,
buzzing sounds.

AMOUNT PASSED

CUTQOFF
1

FREQUENCY

A bandpass filter passes a range of sounds
above and below the cutoff frequency and
filters out all other sounds.

AMOUNT PASSED

CUTOFF
1

FREQUENCY

A typical command that defines a filter is:
FILTER 1005,0,0,1,9

Here is the syntax of FILTER:

FILTERCcf,Ip,bp,hp,res

First: Cutoff frequency (in the range 0 to 2047)
Second: Low-pass filter 0= off, 1=on

Third: Band-pass filter 0=off, 1=on

Fourth: High-pass filter 0= off, 1= on

Fifth: Resonance (in the range 0 to 15)

The cutoff frequency values are in the same
ratio as note frequencies. Note frequencies
(see the SOUND command) range from O to
65535. Cutoff frequencies for the filter

range from O to 2047. The high and low
values are roughly equivalent. For a value
in the mid-range, choose a cutoff frequency
of about 1000.

Resonance affects the sharpness and
clarity of a sound. A higher resonance gives
sounds that reach their peak frequency
more rapidly.

It is possible to activate more than one
filter at once end create special effects. For
example, using both low-pass and high-
pass filters at once allows all but a narrow
range of frequencies to pass through the SID
chip. This is called a "notch-reject" filter
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Add a FilTERcommand to your program:

11 FILTER750,1,0.0,14

This command sets up a low-pass filter, with
cutoff frequency of 750 and a resonance of
14. The best way to understand how the
cutoff frequencies relate to the notes them-
selves is to experiment.

Activate the filter by placing Xl (Filter/
on) in line 20, following the T8. Run the
program now and notice the difference
between the sound with and without the
filter. Try changing the filter command so it
sets up a band-pass, or a high-pass filter, or
a combination.

You have learned all the BASIC sound
commands on the C128--but you have only
begun to experiment. The best way to learn
the effects of sound commands, particularly
the filters, isthrough trial and error. Be
aware of the limitations of the SID chip.
Your computer creates a vast number of
sound effects and musical compositions, but
it cannot accurately reproduce every sound
in nature.

EXPERIMENT

Write a program to play the following
song. Use as many of the synthesizer control
characters as you wish. Notice the vertical
bars with two dots in the middle and the
end of the music. These are "repeat" sym-
bols. The first time you see the symbol, it
means go back to the beginning of the
song and repeat it. After the second time
through, the last half of the song is played.
When the end of the song (and the next
repeat symbol) isreached, go back to the
repeat symbol in the middle of the song and
repeat from there to the end.

The answer to this program in Appen-
dix Bgives only the notes, as the other
PLAY parameters are a matter of personal
preference.

Arkansas Traveler

FEFAEFG AGFA GFEG

FCEC D F G AGFAGFE®

FEDF EC A

FEDF EC A DCOF EDEG

F
pDC DA BDAG FDEC D
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« All F'sand C's are sharp. This is signified
in the key signature at the left of each
staff.

Experiment 10.4 Completed

SYNCHRONIZING VOICES

To recreate written music it is necessary
to use more than one voice, so harmonies
are possible. There are certain guidelines to
remember in writing computer code to
generate music with more than one voice.
You will discover all the details as you
experiment, but here isa list of some points
you may find helpful.

« Use different envelopes for each voice,
at least while you are starting, so you
can differentiate the melody and
harmony.

« Create an intermediary code: for each
measure of music determine the letter
names, and the durations and write
them on a piece of paper. Determine if
the octave changes within the measure,
and if any other note or synthesizer
parameters will be necessary.

« Coding two voices together is not the
same as coding two separately. In order
for the voices to be synchronized cor-
rectly, every note in Voice 1 must be
matched by a note in Voice 2. If one
voice has a long, sustained note, it
should be placed in the PLAY statement
first. Then code as many notes in the
other voice as it takes to equal the dura-
tion of the long note.

« Play the tune at a very slow tempo first,
to be sure the synchronization is correct.
Then increase the tempo to an appropri-
ate speed for the song.

EXPERIMENT

10

Create a program to play the following
piece of music. Experiment with filters and
envelopes once the synchronization is
correct.

To get you started, here is what the first
PLAY statement might look like:
PLAY "V1TO X1 04 QA.QA V2T8 Xl
.Q#F V1 TOIG V2T8 IE V1TO
Q#F Vv2T8 0"

Notice that two different voices are used.
Voice 1isin Envelope 0 (TO)and Voice 2
is in Envelope 8 (T8). The octave (4) is de-
clared once, and remains in effect for
the entire statement.

Voice 1's first notes are a quarter-note
A, and a dotted quarter-note A. The second
voice doesn't begin until the first quarter
note in voice 1 has finished. That note is
the pickup note.

Notice how it is necessary to switch
back and forth between voices after each
note (or notes of equivalent duration).

Streets of Laredo
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Check the key signature for sharps
before you begin.

Experiment 10.5 Completed
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UNITIA;

C128
Sprite
Commands

There are three ways to draw sprites on the
C128. One is the C64 method using pokes, de-
scribed in Unit 26 of Introduction to BASIC Part?2.
There are two easier ways to create sprites, both
available only in 40-column C128 mode. The
second way makes use of the graphic commands
to create a shape, save it (using SSHAPE)and
store it as a sprite with SPRSAV. The third method
is with the C128's built-in sprite editor, accessed
with the SPRDEFcommand. These last two meth-
ods feature timesaving commands to make
sprite creation much easier. Both ways are re-
viewed in this section, and we'll use them in
longer programs that feature sprite movement.
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DESIGNING SPRITES

To review, a sprite isa movable pro-
grammable character. They can be standard
sprites, composed of foreground and back-
ground color only, or multicolor sprites, with
two additional colors available. In size,
standard sprites can be up to 24 X 21 pix-
els, while the pixels for multicolor sprites
are twice as wide horizontally, so they can
be only 12 X 21 pixels.

The two advanced C128 ways to design
a sprite:

1) Creating a sprite within a program
2) Creating a sprite with the sprite editor:

The first method lets you use graphic com-

mands like DRAW, BOX and PAINT to create
sprites, while the sprite editor lets you draw
elaborate, intricately designed sprites pixel
by pixel.

DRAWING A SPRITE WITHIN A PROGRAM
There are three steps in this process:

1) Draw a shape on the screen in a pro-
gram using graphic commands.

2) Save the shape with SSHAPE.
3) Make the shape a sprite with SPRSAV.

The first step isto write a program to draw
the shape. Remember, since a sprite can be
no larger than 24 X 21 pixels, size isa
constraint in drawing a design that will be
used as a sprite. Here is a program that
draws a small fish.

10 GRAPHIC 1,1
20 COLOR 1,5

30 CIRCLE 1,19,21 ,7,3:REM FISH
BODY

40 DRAW1,26,19 TO 32,17 TO 29,20
TO 32,23 TO 26,21 :REM TAIL

50 REM FISH FINS

60 DRAW1, 18,24 TO 24,30 TO 22,24
70 DRAW1, 16,18 TO 22,13 TO 21,18
80 DRAW1,14,24 TO 18,27 TO 16,24
90 REM FILL IN BODY AND EYES

100 PAINT 1,19,21 :CIRCLEO,15.20, 1,1:
PAINTO,14,20

Once the design is complete, it isthen saved
into a text string with the SSHAPEcommand.
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The fish ~idocated with the upper left corner
at screen coordinates (12,14). To capture the
entire shape, the SSHAPEcommand should

read

110 SSHAPE A$,12,14,33,38

Once the data for the shape has been stored
in the SSHAPEstring variable, it can be
transferred into a sprite.

SPRSAVtakes the data in the SSHAPEstring
and puts it into the sprite data area. The
command

120 SPRSAV A$,1

transfers the fish data in A$ into sprite num-
ber 1. After you RUN the program, the
design for sprite number 1is complete and
ready to use in a program, which must
activate it with the SPRITEcommand. You
can add another line to return to text mode
at the end of the program, or you can press
RUN/STOP and RESTORE.

A word of caution: make sure the
coordinates for SSHAPEcapture the entire
shape. If they are slightly off, the data may
be for only part of a sprite or even a blank
section of screen.

USING THE SPRITE EDITOR

The left side of the sprite editor screen
isa 24 X 21 "block" rectangle in which you
can design the sprite. Each block represents
a single pixel, and the cursor on this screen
appears asa" +". You can design your
sprite in this work area, and the right half of
the screen displays how the sprite will look.
If you are designing a multicolor sprite, the
size of the area remains the same, but the
cursor becomes twice as wide (i.e. it be-
comes” + +").

When you turn on the sprite editor (by
issuing the SPRDEFcommand), you are
prompted:

SPRITE NUMBER?

The sprite editor can hold 8 different sprites,
numbered 1through 8. If you have de-
signed a sprite in a program or recalled
stored sprite data, the sprite appears in the
work area on the editor. Since we've al-
ready drawn a sprite in a program and
assigned it to sprite number 1, it appears in
the sprite editor in the work area for sprite
number 1. If there's no sprite assigned to a

number, a random pattern appears. To
clear the pattern, press the SHIFTand CIR
keys at the same time.

Here are the keys to use in designing
sprites:

Erases the work area

Fills in background

color

2 Fills in foreground
color

3 Fills in multicolor 1

4 Fills in multicolor 2

CRSR keys Move pixel (+ )
within  work area

A Turns Automatic
cursor movement
OFF/ON

M Turns Multicolor ON/
OFF

CONTROL| /1-8 Sets sprite color
Cn-8

Moves cursor to start
of next line

Moves cursor to top
left corner

X Expands sprite
horizontally

Y Expands sprite
vertically

C Copies one sprite to

another sprite

number

mISaves sprite from
work area and
returns to SPRITE
NUMBER? prompt
Returns to SPRITE
NUMBER? prompt
without saving the
displayed sprite
(at the SPRITE
NUMBER? prompt)
Exits SPRDEFmode

Sprite design is not a mechanical activity.
There is no formula to follow, there is no
right way or wrong way. Play around with
designs in the work area, and you can see
what you are creating on the right side.
Remember drawing sprites in Introduction
to BASIC Part Il, using POKES?We drew the
sprite design on a grid first; that can still be
helpful. Here is the sprite we designed at
that time:

R
1 AN
i ! 0
i i
@
®
IR
REC

i}

" ]
1 { SENSEEE

It's much easier to duplicate using the sprite
editor. Start by answering the SPRITENUM-
BER?prompt with a 2. Then copy the picture
of the grid above in the work area, moving
the cursor to the filled spaces on the grid
and pressing the 2 key to fill in those spaces
on the editor. When you have the shape
copied in the sprite editor, you can change
its color with  CONTROL or the C: key along
with a number key from 1to 8.

In addition to standard single color
sprites, the editor can create multicolor
sprites. Pressthe M key, and whatever ison
the screen changes to multicolor. Multicolor
lets you design the sprite using two colors in
addition to the foreground and background
colors. These additional colors can be
added by pressing the 3 and 4 keys.

When you have completed the design
in the work area, press SHIFTalong with
RETURN. This causes the sprite editor to
retain the sprite under that sprite number. It
will stay there as long as the computer
remains on. To exit the sprite editor, press
RUN/STOP to get the SPRITENUMBER?
prompt. At the prompt, press RETURNwith-
out entering a number. This puts you back in
BASIC text mode.
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(b) Draw another shape as sprite number 4.

Draw it on a 24 X 21 block grid first, then
draw it on the work area. Press SHIFT

and RETURNTto store it in the editor.

11-1 i

21 rows

(a) Duplicate this shape as sprite number 3,
a multicolor fish sprite. Remember to /
press M before drawing the design. The
second color can be selected with CON-
TROLor Cl and a number key from 1to
8. Press SHIFTand RETURNwhen you

- Jdcolumny ——— =

Experiment 11.1 Completed
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SAVING DATA FROM THE SPRITE EDITOR

Saving sprite data is relatively easy.
You can save a block of data for eight
sprites from the editor at a time. Issue the
BSAVEcommand in direct mode, giving the
set of sprite data a name. A command that
saves sprite data looks like:

BSAVE "FISH SPRITES", BO, P3584 TO
P4096

In addition to the name and memory bank
number (BO),two additional numbers,
P3584 TO P4096, correspond to the area in
the C128's memory where sprite data is
stored.

After storing the sprite data, get a
DIRECTORYof what's on the disk. The sprite
data name is listed as a program. To recall
the sprite data, use BIOAD to load the bi-
nary file. Always load the sprite data BE-
FOREgoing to the editor. An acceptable
form of the command to issue is

BLOAD "FISH SPRITES"

although you may need to include optional
parameters in the command specifying
drive, device or memory bank number:

BLOAD "FISH SPRITES", DO, U8, B1,
P3584

After the sprite data has been recalled,

issue SPRDEF.You'll find the sprites are
already contained in the work areas for
their respective numbers.

TURNING ON A SPRITE-THE  SPRITE
COMMAND

Once a shape has been drawn and
stored using the sprite editor or in a string

variable by SSHAPEand SPRSAV, it must be

turned on with the SPRITEcommand so it
can appear on the screen. SPRITHeatures
seven different parameters, for example:

SPRITE 1,1,5,0,0,0,0

The parameters are as follows:

First: Sprite  Number (1 through 8),
used to identify the sprite.
Second: Turns sprite ON (1) or OFF (0).

Third: Color (1 through 16,
corresponding  to the color
numbers).

Fourth: Priority. meaning whether the

sprite goes in front of or behind
objects on the screen. O is in
front of, 1 for behind.

Fifth: Normal horizontal size (0) or
expands sprite horizontally  (1).
Sixth: Normal vertical size (0) or

expands sprite vertically (1).
Seventh: Multicolor sprite (1) or standard
single-colored  sprite (0).

When issuing the SPRITEcommand, set the
last three parameters to make the sprite
look how you intended when creating it.
Pay attention to the multicolor setting, since
a sprite presented in the wrong mode can
be unrecognizable.

When you give the second parameter a
value of 1, the sprite appears on the screen.
It remains on the screen until you either
reissue the SPRITEcommand for that sprite
with a value of O or press RUN/STOP and
RESTORESimultaneously.

Once the sprite is turned on, colors
selected, etc., you are ready to move it
around the screen.
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To activate the sprites created in
this section, issue the following SPRITE
commands:

SPRITE 1,1,5.0,0,0,0

activates the fish sprite drawn with graphic commands in purple

SPRITE2,1,9,1,0,0,0
activates an orange fish sprite

SPRITES3,1,7,1,0,0,1

sets the multicolor fish sprite with the secondary color of blue

MOVING SPRITES

C128 BASIC 7.0 features a new com-
mand that makes moving sprites around the
screen easy. MOVSPR can place a sprite at a
given location on the screen, move the
sprite a specific distance and angle from the
pixel cursor or move it continuously at dif-
ferent speeds. There are four forms of
MOVSPR:

1) Position the sprite on the screen

MOVSPR 1,20,100 Places sprite
number 1 at
column 20,
row 100

First parameter: Sprite  number (1-8)
Second parameter:  X-coordinate
Third parameter:  Y-coordinate

2) Move sprite a distance defined by rela-
tive screen coordinates (see Appendix
A)

MOVSPR 3, - 30, + 40 Moves sprite 3
to the left 30
pixels (- 30)
and 40 pixels
down (+40),
relative to the
current pixel
cursor position

First parameter: Sprite  number (1-8)
Second parameter:  Relative dis-
tance for X-coordinate

Third parameter: Relative dis-

tance for Y-coordinate

3) Move sprite a given distance and angle
from pixel cursor

106

MOVSPR 2,50;90 Moves sprite 2 a
distance of 50 pixels
from the cursor at a
90-degree angle

First parameter: Sprite  number (1-8)
Second parameter: Distance
Third parameter:  Angle (0-360)

4) Move sprite continuously at a certain
angle and speed

MOVSPR 6,45#15 Moves sprite 6 at
the highest speed
(15) at a contin-
uous 45-degree
angle

First parameter: Sprite  number (1-8)
Second parameter: Angle (0-360)
Third parameter: Speed (0-15)

To move a sprite in a program, first turn the
sprite on with the SPRITEcommand. Then
you can use MOVSPR.

Assuming you have sprites in the sprite
editor (right now, unless you've turned the
computer off or reset it, you should have
sprite numbers 1through 3 already de-
signed), here isa program that activates
two sprites and places them on the screen.
Notice you don't need to enter a graphic
mode to use sprites. Type in this program
and let it stay in memory; we'll be adding to
it through the rest of this section.

10 COIOR 0,1 :COLOR 4,1
15 GRAPHIC 1,1

20 SPRITE 1.1,5,1,0,0,0

30 SPRITE3,1,7,0.0,0,1

40 MOVSPR 1,200,150

50 MOVSPR 3.100,100

This positions the two sprites on the screen.
Notice how the white and blue fish appears
in front of the program lines; this is because
its priority (defined by the fourth parameter
of SPRITEN line 30) is O. The purple fish
swims behind the letters, because it has a
priority of 1. Make sure that the sprite num-
bers in the MOVSPR command are the same
sprite numbers used in the SPRITEcommands.
For a little more action, add these lines:

60 MOVSPR 1,270#4
70 MOVSPR 3,200#3

See the fish continuously move from their
starting positions (set in lines 40 and 50) and
wrap around the screen. To stop them and
clear the screen, press RUN/STOP and RE-
STOREat the same time. The program and
sprite data remain in memory.

Not everything moves in a consistently
straight line. Use MOVSPR and a little exper-
imentation to create wavering movement,
or a circular pattern, or change speeds or
whatever. For example, adding a loop can
make a sprite change direction or speed
slightly or noticeably. Add these lines to
the last program to see a little variable
movement:

54 A= 100

55 A=-A

75 SLEEP3

80 MOVSPR 1,270#10
90 MOVSPR 3,250 + A#2
100 SLEEP3

110 GOTO 55

One fish will be changing speeds notice-
ably, while the other will be bouncing all
over the screen in all directions. With some
experimentation, you can capture the exact
movement you want. After you've finished
experimenting with movement patterns,
use NEW to remove the program from
memory.

THE COLLISION COMMAND

When working with sprites, their paths
sometimes cross. When this happens, you
can let them continue unaffected, or do
something as a result of the collision. COLLI-
SION detects a sprite coming into contact
with another object and transfers execution
to a subroutine designed to "make some-

thing happen" as a result of or response
to the collision. A typical form of this com--
mand is

COLLISION 1,1000

First parameter:
Defines type of collision
1-sprite-to-sprite
2-sprite to display data
3-light pen (40 columns only)

Second parameter:
Line number for subroutine

COLLISION with no line number following
turns off collision detection.
Assume the program sets two sprites on

a collision course, as in the following:

5 GRAPHIC 1,1

10 COLOR 0,1:COLOR 4,1

20 SPRITE1,1,5,1,0,0,0

30 SPRITE2,1,7,0,0,0,1

40 MOVSPR 1,50, 100

50 MOVSPR 2,200, 100:MOVSPR

2,270#2

The COILISION command can be added in
the following routine:

60 COLLISION 1,100
70 GOTO 60

100 COLLISION 1

110 SPRITE 1,0,5,1,0,0.0
120 RETURN

When the sprites touch, execution jumps to
the collision subroutine in line 100, which
first turns off collision detection, then sprite
number 1isremoved. Then execution is
returned to the line where the collision was
detected (line 60).

Another type of collision, sprite with
display data (anything drawn on the screen,
such as a BOX), works Similarly. Change
COLLISION 1 in lines 60 and 100to 2 and add
another line to the program:

15 BOX 1,0,0,10,190
Change the subroutine beginning at line 100:

100 COLLISION 2:C =C + 1:IF C>16

THEN C= 1
110 COLOR 1,C:BOX1,0,0, 10,190
120 RETURN
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The sprites touch with nothing happening,
since there is nothing set up to detect that
collision. But when the sprite hits the object
on the screen (the box drawn in line 15), the
collision routine goes into effect. As a result
of the collision, the box is redrawn in
changing colors.

Working with collision routines is
sometimes frustrating, because it may be
difficult to get the subroutine to do exactly
what you want, and collision detection and
reaction isn't as precise as you need.
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EXPERIMENT

112

(@)

Design two multicolor fish sprites (one
facing left, one facing right) using the
sprite editor and assign them to sprite
numbers 5 and 6. Using whichever
method you prefer, create a sprite
featuring water bubbles and assign it to
sprite number 7. You should have
sprites numbered 1,2, 3,4, 5, 6 and 7.

11

[ 1

| 11

(b)

Copy the water bubble sprite (number
7) to sprite number 8, using the C com-
mand with the sprite editor. Make slight
changes (add bubbles or change place-
ment) and make the sprite a different
color from sprite 7. Store all the sprites
using the BSAVE command.

(c) IOAD the program FISHTANK. This
provides a backdrop for an aquarium.
Use your fish sprites to populate the
aquarium. Write a program to move the
fish sprites around the aquarium at
changing speeds and slightly varying
directions. There are already movement
routines in the program for sprites num-
bers 1and 7 in lines 700 on. Notice how
the bubbles float straight upward. With
all the elements in place, the graphic
background picture and your moving
sprites, you should have a thriving
aquarium.

Note: Additional sprite data may be found
on the binary file on your program disk
called TROPICAI If you load this file, issue
the SPRDEFcommand to see the sprites in
the editor.
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APPENDIX

APPLYING RELATIVE COORDINATES

Most times when we issued com-
mands, we used absolute screen coordinate
values. However, there are other ways to
specify screen locations using relative
coord inates.

Many commands, including IOCATE,
DRAW, CIRCLE,BOX and PAINT need a
starting position. Two familiar ways of
defining this position are:

a) By omission, in which case it defaults to
the 'current position'.

b) By stating its screen coordinates.

There is a third way of defining the starting
position by giving the coordinates relative
to the current cursor position. This is done by
either of two methods:

Rectangular displacement:  Specify
how many pixels to move right, and how
many down. The numbers preceded by +
or - indicate the displacement is relative.
Compare these two sequences:

CIRCLE 1,30,40,20
(Draws circle centered at (30,40)

IOCATE 100,100
CIRCLE 1,+ 30, +40,20

(drows circle centered at 130,140)

POLAR DISPLACEMENT:

Here you specify how many pixels to
move, and in which direction. The direction
isgiven in degrees clockwise from up-like
a compass bearing. The distance comes first

and is separated from the direction by a
semicolon (;). For example,

LOCATE 100,100
CIRCLE 1,50;90,20

TURTLE GRAPHICS

Here's a special appl ication that lets
you see a way to use relative coordinates in
drawing graphics. "Turtle Graphics" is the
name used for an alternate way of drawing
computer pictures. All the examples in
these books (prior to now) used absolute
screen coordinates. The "pencil" which
drew the picture was directed to a given set
of coordinates in the display area and made
to draw a line to another given position.
Turtle graphics makes use of the relative
screen coordinates in fashioning pictures.

In Turtle Graphics, the navigator, or
"Turtle", moves based on the current loca-
tion. Itdoesn't consider screen coordinates
or fixed directions like left, right, up or
down. All it understands are four basic
commands:

Raise or lower your pencil

Move so many steps forward,

drawing a line of the pencil is down

Turn so many degrees clockwise

Turn so many degrees counter-
clockwise

Turtle instructions to draw a square wide
sides of 100 units are:

lower pencil

Go 100steps forward
Turn 90 degrees right
Go 100steps forward
Turn 90 degrees right
Go 100 steps forward
Turn 90 degrees right
Go 100steps forward

Of course, the position of this square
depends on where the turtle starts and
the direction the turtle isfacing at the
beginning.

Many kinds of drawings are easier to
make with turtle graphics than with fixed
navigational systems. For example, you
might have a set of turtle instructions to
draw some complicated shape like a tree or
a symbol in a circuit diagram. Simply by
changing the starting conditions, you can
draw the object many times over, in various
pOSitions and orientations. A simple modifi-
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cation will change the scale of the picture to
anything you need.

The C16, Plus/4 and C128 have no built-
in support for turtle graphics, so your pro-
gram must translate the turtle's instructions
into ones suitable for fixed navigation.

First, let's define some variables.

Xl and Y1 are the current screen coor-
dinate position of the turtle (somewhere in
the display area).

The current direction, D1, is expressed
as a compass bearing between 0 and 360
degrees. 0 degrees is North or Up, 90
degrees is East or Right, and so on.

The value of P1will indicate the state of the
pencil, as follows:

Pencil up : Pl is0 (move cursor without
drawing)

Pencil down: Pl is 1 (draw on screen)

We can now express the turtle instructions in
terms of these commands:

Raise Pencil: Pl =0
lower Pencil: P1=1

Turn N degrees right: D1=01 + N: IF
D1>= 360 THEN 0 = 0-360

Turn N degrees left: 01 = D1- N: IFDI <0
THEN D1 = D1 + 360

Move FI steps forward:

We assume that a step is the same size as a
pixel. This lets us calculate the turtle's new
position (XX, YY) by using the following
formulas:

DO + 01* 1("/180 REM CONVERTS 0 TO
RADIANS

XX =XI + F1 * SIN(DD)
YY =Y1 + F1 * COS(DD)

Next, we draw a line from the old position
to the new one, using P1to select fore-
ground or background.

Finally, we copy the new position into
X1 and Y1.

The move isthe only step sufficiently
complicated to need a subroutine, so here
it is:

1000 REM ORGANIZE TURTLE'S MOVE
FORWARD
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1010 REM MOVE F1 PIXELS IN
DIRECTION 01, STARTING AT
X1,Y1

1020 DO = 01 * /180

1030 XX =XI + F1 * SIN (DO)

1040 YY =Y1-F1 * COS (DO)

1050 IF F1<0 OR X1<0 OR Y1<0 OR
XX<O OR YY<O THEN 1080

1060 IF X1>319 OR XX>319 or Y1>199
OR YY>199 THEN 1080

1070 DRAW P1,X1,Y1 TO XX,YY

1080 X1 = XX:Y1 =YY

1090 RETURN

Once this subroutine has been provided,
turtle graphics are easy to translate into
BASIC. For instance, you can draw a penta-
gon by writing

10 COLOR 0,1

20 GRAPHIC 1,1

30 COLOR 1,2

40 XI =200: Y1 =160

50 01 = 18:P1=1:REM START AT

(200,160) FACING NORTHEAST
WITH PEN DOWN

60 FOR J=1TO 5

70 F1=50: GOSUB 1000: REM
FORWARD 50 UNITS

8001 =01-72: IF 01<0 THEN
01 =01 +360

90 NEXT J

100 GETKEY A$

110 GRAPHIC 0

120 END

A few modifications can produce major
differences.  For instance, if you increase the
number of steps in line 60 to 8, and change
the angle in line 80 to 45 (D1 = D1-45), you
will get an octagon. If you now change the
45 to 135, the figure becomes an 8-pointed
star.

To get a more complex figure, go back
to the original pentagon, change the num-
ber of steps in line 60 to 100 and the angle in
line 80 to 73. You will get a rotated ring of
pseudo-pentagons, all of the same size.

To make the shape decrease in size as
it rotates, try

60 FOR J =100 TO 10 STEP -0.5

and

70 Fl =J: GOSUB 1000

In general, turtle graphics give interesting
and unexpected results. This sequence, for
example, leads to a spiral disappearing into
the distance:

40 XI =50: YI =169
50 01 =O:Pl =1

60 FOR J=I TO 200

70 Fl = 0.0003*(XI + Yl) 2:GOSUB
1000

80 01 = 01-30: IF 01<0 THEN
01 = D1 +360

90 NEXT J

Keeping the same subroutine (lines 1000-
1070), you can design a program that lets
you directly control the drawing of each
step. You can write a program that lets you
input values for P1 (pencil up or down), D1
(direction in degrees) and 11 (length). When
you RUN this program, be careful that you
don't use unacceptable values for screen
coordinates. An error trap comes in handy
here. Here is the program (not including the
movement subrouti ne ):

5 TRAP 2000
10 COLOR 0,7:COLOR 1,2
20 GRAPHIC 2,1

30 XI = 160:Yl = 100:PRINT
"STARTING POINT IS (160,100)"

40 DRAW [,X1,YI
45 REM SET VALUES

50 PRINT "PRESS Q TO QUIT,
ANYTHING ELSETO CONTINUE"

60 GETKEY AS$:IF A$ = "Q" THEN
120

65 PRINT "[CURSOR DOWN
{<o} (<ol [CoY

70 INPUT "PENCIL UP (0) OR
DOWN  ()";PI

80 INPUT "DIRECTION";D1

90 INPUT "LENGTH";F1

100 GOSUB 1000:REM GO TO THE
DRAWING SUBROUTINE

110 GOTO 50

120 END

2000 PRINT "TRY AGAIN": GOTO 70

Note: ICDI in line 65 refers to the DOWN
CURSOR, so press CURSOR DOWN 5 times.

This is just one application  using rela-
tive coordinates instead of absolute values
to plot graphics. Neither form is better than
the other. Absolute may be easer to visual-
ize because it's more in line with the way
we view the screen; relative coordinates
offer different advantages, such as continu-
ity in plotting lines and drawing. Which
form to use depends on which you are more
comfortable  with and which is more suited
to the specific programming  task.
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APPENDIX

ANSWERS TO EXPERIMENTS

These program listings are not the only solutions, nor are they necessarily the best. But they
do solve the problems presented in the experiments using the relevant commands. Your own
answers may differ and still be correct.

The following program listings are printed as they appear on your screen. Spaces in strings
should be typed. Here is a list of control characters you will see in these listings, and the
keystrokes which created them.

Symbol Keystrokes
S HOME
SHIFT and CLR/HOME

Cursor down
Cursor right
Cursor up

Cursor left

CTRL and RVS ON
CTRL and RVS OFF

| §~N-NON RO

Several other symbols, such as “, “, and s represent color changes; these are
activated by pressing and holding the CTRI key and pressing a number key (not from the
numeric keypad on the 128). You can substitute colors at any time for an arrangement
more pleasing to you.

UNIT:1

Experiment 1.1

e
<4
=5
@
4/

45

=
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85 SLEEP1L

9@ LOOP

106 DO WHILE X<1&:FPRINT"
110 COLORS. ¥

120 K=xX+1

125 SLEEF1

130 LOOP

148 END

CHANGENG COLORS"

READY.

Experiment 1.1/4
22—

19 X=1
20 DOWHILEX<I&

25 PRINT"

30 COLOR4. X

4B K=X+1

45 FOR N=1 TO 508:NEXT H
58 LOOP

68 DOUNTILM=1

78 COLORG, X

80 Xax-]

85 FOR N=i TO 58@:NEXT M
98 LOOP

198 00 WHILE X<16:PRINT"
118 COLOR1, M. 4

120 H=x+1

125 FOR N=1 T 50@:HEXT M
13@ LOOF

14¢ ENO

CHANGING COLORS™

RERDY.

Experiment 1.3
e . ]

I CLR:AAS=" MRS RRRRPRRPEM"

18 x=1

20 REM#iks SET LUP MEN SCREEN sekmk
30 PRINT"I ’

40 PRINT" CRLOREE COUNTER"

58 PRIWT™ bt o A s ool

68 PRINT""

7@ PRINT" FODO TYPE"

88 PRINWT* = - - = - = "

98 PRINT" [ IBEVERAGES"

95 PRINT"”

1680 PRINT" [ IBREAKFRST FOODS™
185 PRINT""

118 PRINT" [ ILUNCH FOODsS"

115 PRINT""

128 PRINT" [ IDINNER fOODS™
125 PRINT""

138 PRINT" [ IDESSERTS"

135 PRINT""

149 PRINT" [ ISHACKS AHD CANDY"™
145 PRINT"”

15@8_PRINT™ L ISPREADS"

155 PRINT™"

156 PRIMNT" L 3EXIT

157 PRINT""

158 REM#RSsN MOVE CURSOR., DETERMIME CURSOR POSITION AHD CATEGORY sk
168 FPRINT" MOVE THE CURSOR TO YOUR SELECTION."

165 FRIWT" THEM HIT RETURN"
167 COLORS.1

180 DOUNTILAL$=CHR$(13)

138 GETA1%: IFA1$="" THEH 220
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: 1
FE0TOZ28
:BEND

W1

(BEMD

[ ln

FRINT "
PRIMT"
FRINT"
FRIMT"
FRINT"
FRIMT""
PRIMT"
FRINT"
FRIMT"

3 FRINT"
8 FREIMT"
@ FRIMT"
& FRIMT"
F

g &

BB

RINT™
S IHT"
FRINMT"
FRIMT"
FRIMT"
FRIHNT"
FRINT'
PRINT'
FRIE
LT

e e kL

o

3
@

on R

[FA1E="M" AND #<x2 THEH BEGIN AR$=ARE+" A"

IFAL$F="TT" AMD =<>1 THEHN BEGIN AAF=LEFTEIAART. (LEMCARE

FRINT AAS"A " FOR I=1TO108:HEXT PRINT AASY

REM#&%%%¥ FRINT OUT CATEGORY 1 IHFORMAT IO #ekss
IFx=1 THEH BEGIH:

BEVERAGES"

BEVERRAGE SERNMIMG CALORIES"
ALE 2 MG 1560
BEER 2 OMNCES 1=

04
1
12 OUHCES
1.5 OUNCES

CHAMFAGHE

COFFEE. TEH 2"

LEMIHADE 1as”

MARTIHI . OFY 148"

MILK, SKEIM izev

MILE . WHOLE 15

[ 126"
1z LR
12 QIHCE ; i
1.5 1asm
2.5 a5y

S48 FRINTYFRESS RETURH WHEN YOU SRE READY TO"
545 INFUT" CONTINUE"; G$:BEND
55@ REM*®**#*% FRINT OUT CATEGORY 2 INFORMATION *%%ex

FEM##4 %+

FRIMT"I"
3 PRIMT"
FRIMT"
FRIMT""
THT"
FIMT
3 PRIMNT!
RIMT"
FRINT"
PRINT"
FREINT"
FRIMT"
FRINT"
FRINT"
FRINT"
FRIMT"
FREINT™
PRINT"
FRINTY

B B It B O T R AR
[ O S o e Rt B R B )
5SS m e

=

AR O

5 S

= = h

EEMD

¥

IF M=1 THE

= THEN

GOTD 1
HMT DOUT CARTEGORY 2 FHFORMATTOMN #ktes
BEGLN

EREAEKFHET FOOoDs"

FOOR TYPE SERVMING SI1ZE CHLOSETES"

HCOH 2 ETRIPS

B

CEREAL . DREY & COUHCES
EGG MOMUFFIM 1
EMGL MUFF LH 1
CHITH BUTTER>

FRIED EGG 1

DATHMEARL

C RS
1 Zeat
SHLISAGE P & 2L s raet
WHFFLES 1 218"

FRIMT"FRESS RETURH WHEM YOU ARE READY TO "
IMFUTYCONTINUE " GF

IF ¥=2 THEM GOTO 1

FPRINT QUT CATEGORY 2 IHFORMATIOH #sssss

¢ THEH BEGIH

FRINT "
FRIMT"
FRINT"
PRINT"
FRINT"
FRINT "
PRINT®
FRINT"

LUHCH Fooos"

Fooo ITEM SERNVIMNG SIZE CALORIES"
BOLOGHA 1 SANDKICH
EURGER . ROLL 4 DUNCES

117



Q98a PRINT" AMD CHEEZE o
218 FRIWT" CHILT WITH & DUNHCES 255" = THEHM GOTO t

p] = - " o) 1) ] joll ELRNRE
;ig i;;:ﬁ E‘Eﬂ:qulrmtrn 16 OUMNCES s7a RE(##4%% FRINT OUT CATEGORY & [MFORMATION sk
= LU o g A 3 = [~ S X 0 1
249 FRINT"  GRILLED CHEESE | SAHDMICH 35an ;irﬁrﬁﬁIHEh BEGIN
956 PRIMT®  BURGER.FOLL 4 OUNCES 415" iyl G
S60 PRINTY  HAM SAMDWICH 1 SAHOMICH TS0 i i
278 PRINT' KA & CHEESE 1 SAMOWICH 458" DeTite  NiaeE epoThG CRLORTES”
s e oo T wn i el PR
= L = = 1= .. CEHOY . HRED CHIMI oy 1
18GE FRINTY  ROAST BEEF 1 SANODWICH azan ERRNT CRIY - FOARG o s e

FRIMT" CHREAMEL 1 OUMCE 115"
PRINT® CHOCOLATE . BAR 1 OUHCE 145"

1a1e PRIMT"Y
1az8 PRINTYFRESS RETURN WHEH WOU SRE REAODY TO"

1636 INFUT" COMTINUE" ;G g PR 0 o
140 e PRINT"  FUDGE 1 OUHCE

Laga BEND. 5 FRINT®  MARSHRALLOWS 1

1'35?_ IF H=32 THEHWH GOTO 1 PRIMT" MUTS , ORY 1 OUMCE

10955 RErHckks® FRIMT OUT CATEGORY 4 IMFORMATION #dokds FRINT®  ROASTED"

1068 1€ Kol THEN BEGIH FRINTY  HUTS.MINED 1 OUHCE 1Ean
Lorg PRI o PREINT"  OMIOM RIHGS 1 FORTION 3@E"
105l ERIHT . PRINT"  POFCORH. B QUMCES g
1955 FRINT® DINNER FOODS" GRINTY  BUTTERED

1O23 PRINT® e v PRIMT"  EOFCORH. 2 OUNCES z5"
1188 PRINT"  FOOD TWRE SERVING 3IZE  CALORIES® Eorime  SUneOTTERELH

1118 PRINT = = o= ST o - - o= FRINT®  POTATO CHIFS 1 OUNCE 158"
1126 FRINT" EBEEF FOT FIE = OUNCES SeEat PRINT" ERETZELS 1 OUMCE 11"
1138 PRINT"  BEEF STERK 3 DUMCES 338" POINT™  SUGAR  TESE. Py
1148 FRINT'  SEEF STROGANOFF 3 DUNCES SenEt SO Fi

1158 PRINT"  BLUEFISH 3 OLUNCES 135" FRINT'ERESS RETURM WHEH YOU ARE READY TO ©
11gm PRIMT" EURRITO. BEEF &S UHCES g IHFUT " CONTINUE" ; GF

1178 PRINT"  CHICKEN POT PIE © OUHCES S5 S

1193 PRINT"  FRIED CHICKEW 1 WIMG 151 R T

1190 FRINT"  F13H & CHIPS 7 OUMCES zrgn REMeast PRIMT OUT CRTEGORY 7 INFORMATION #kwk
1208 PRINT®  FISH STICKS 4 188" € Wad e BESTH

1218 PRIMT®  FRIED SHRIMP 3 OUNCES 158" EE g )

1226 FRIMTY  LAME CHOF 1 OUHEES EE St

1230 PRINTY  MACARDHI & 2 OUNCES 438" FRINT"

LZdaBRRIRE"  dhEE GBS _ _ FRINT"  TWPE SERVIMG $IZE  CALORIES"
1253 PRINT"  PORK CHOP 2.7 DDMCES B@sn BRINT i i Sl G e s
1285 BRIMTY  POT ROAST 2.5 OUNCES paan P LT

12F® PRINT"  SPAGHETTI WITH 2 GUMCES ze@” PEINT®  EUTTER 1 TESP. 19@"
1286 FRIMT"  SAUCE" PRINT"" )

e i i e : FRIMNT"  JAM 1 TBSF. S5
1308 FRINTPRESS RETURH MHEN @OU ARE REAQY T © s

1318 THPUT " COHT LHUE ™ 66

EEMD
IFx=+4 THEM SOTO t

REM###¥% PRINT QUT CATEGORY S THFORMATIOM #*¥#%%

IF X=3 THEM EEGIH

PRINT"  MARGARINE 1 TBSF. 188"
PRINT"

PRIMT"  PEANUT BUTTER 1 TESF. 35"
S PRINT"":PRINT"" :FRINT""

PRINT"PRESS RETURH WHEW ¥OU ARE READY TO "

L0 ERINT G IMPUTCONT INUE" ; G$

iged PRl fIERSERTS" BEHD

1376 PRIMTY e - IF & THEM GO TO 1

1388 FPRINTY  DESSERT BERVING S17E  CALORIES" IF THEM PREINT "5 : EHO

1258 FRIMT" - - - - - - - < RS

142@ PRINT™ BANANA SPLIT 1 T

1418 PRIMT" ERICWHIE 1 a5

1438 FRIMNTY CHEESECAKE a7 DUHCES 4

144@ PRINT" CHOCOLATE CAKE 1 SLIEE 25a"

1458 FRINT COFFEE CHEE 1 SLICE 2z

1478 FRINT® CODKIES 4 "

142@ FRIMT®  DAMISH FASTRY 1 Zrs”

1498 FPRIMNT® OOMHUT. FILLED 1 225"

1568 PRIWT OoeUT - FLAIH 1 TG

1220 FRINT" ICE CREAM 2 CHIMCES b

1538 PRIMT" JELLO & MMCES 140 E i

15346 PRINT®  FIE.FRIT 1 SLICE 345" Xperiment 2.1a

1558 PRINT" FIE.FECHN 1 SLICE 495"

156 FRINT® FILE . PLMFEIH 1 SLICE Z?5" THFUT “LDAN AMOUNT " A

1578 PRIMT" FUCODIHG. = DURICES s IFRCIOE0RAS 1 AGaTHERSOSB 166  GOTO1 0
158@ PRINT" CHGCOLATE" : IHFUT "PERCEMTAGE IHTEFEST FAETE" ¢
1598 PRINT SHEREERT B OUMCES 2ran 35 PRIMT "

1660 PRIMT"" O IR p, Lo

1618 FRINT"FRESS FETURH LHEM YJJ ARE READY TO M S8 OPRINTUSTMG" IMTEREST FOR OMNE YEAR EQNLRLSHEH#EE, 44"
LE2E IMPUT COMTIHUE" | G$ 2 FREINTUSLHG" TOTAL FAYMEMT EQUALS SEHE8H. B A+1

M=( R+ 012
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25 PRINTUSIHG"EACH MONTHLY PAYMENT ECUALS #FHHE%. 44" .M
28 BENHD
1898 FRIMT "LOAMS AYARILABLE BETHEEH #16@ AND $1@88":RETURN

Experiment 2.1b

5 PRINT"D)
19 ==1

28 PRIMT"
=8 FRIMT"
42 PRIMT""
S8 IMPUT"ENTER BEGIMMIMG BALAMCE"EE
S5 LW=EE

&3 PRIMNT""

BAME STATEMENTY
1

PH OIHPUTYIS THIS TRAMSACTION A WITHDRAWALCW: OR A DEPDSITCD"; TS

TS IMFUTHARE YOU SUREYk#:IF KE="Y"THEM GOTREO

TPOGOTOTE

oB ITHPUTYEMTER TRAMSACTION AMOINTY S TACH

TR OPRINT"

1y IFT#H="W" THEHM TACHI=—1%THE - GOTOLZR

118 IFT$43"D" THEMIMFUTYEMTER O OF WY T GOTO198

128 EB=BE+TACHD

1283 PRIMT™"

148 INPUTYDY W) WISH TO EMTES AMOTHER TREHSACTION CYSH:" A%
153 IF AF="+¥" THEM BESIH

ic@ PRINT"I

178 FRIMNTY BRME STATRMEMT ™

158 FRIMT" I ]

et 8 |

EEMD

IF Aty THEHM G0 TO 7@

IF AFHYUTHEM G0 T 1468

PRIMT"IY"

FRINT" BRM STHTEMEMNT™

PF‘IF{T“ i . S e T i

FRIMT"
PREIMT ISIHG " BEGIMMIMNG BAELAMCE  HE6. e, sue S8d #4"  LW
FRIMT" -

ERIMT! H1THORAKALS"

ERIMT" s B e foam o = e

FR =1 7O R

I TECY>Za THEM REGIH
RRIMT LGS

BEMD

IF TACY>E THER BEGIR
FRINT USIHG " Fibde M WREL HET S TROY

THT

FRIMT LEETHG " ERDIEME BHLAMCE - HE# . i s, aus, #1478
PRIRTY . "

Change lines 310 and 340 to change trans-
action amount format.

Experiment 2.2a
L ]
10 AF="CAR":
O IMFUT"FOF
A PRIMT LESIHMG FE AT.BF.0%

T CE="MOTORCYCLEY

120

FHER, R WHEL HE- D TROY

E;;e—ri ment 2.2b

=

[

g FRINT® Soe o

Ol HECGRa»  DIMOHECSDar OIM SARFECTEE DI A2F TEEy  DIM CEF

FRIMT" ACIC

=

T

1B

FRIMT"EMTERS HAME™
IMFPUT HECED PRINT"Y
FRINT"IS THERE A COMPAMY MAME (9o 7Y

GETHEY KCE
IF HC#="%" THEM BEGIM
FRIMT"!

FRIMNT "EMTER COMFAHY HAME"

IHFUT CH¥CED

BEMD CHE="TT

FRINT" "

FRIMT"EMTER STREET ADDRESS"

INPLIT SASCED

FRIMT®"

PRIMT D %00 HEED AHOTHER LIME FOR THE STREET ADDRESS (WAH> 70
GETHEY AL$

IF ALF="%" THEM BEGIH

PRIMT""

IMNFUT"EMTER STREET AODRESS™RZE(E)
BEHD Az$="TI"

FPRIMT""

IMFUTYENTER THE CITY":CTE#CED

- PRINT"Y

IHPUT"ENTER THE STHTE"
INFUTYENTER THE ZIP CODE": Z
FRINT"OO YO WAHT TO COHTINUE

y on
GETKEY C#

IF C#="N" THEM GOTO 589

IF C#I3"Y" THEM GOTO 4B@

HEXT E

FRINTI

=1

FOR X=1 TO E STEFZ

FPRINT""

IF X+1>E THEN FRINT USING "RECORD HO. ## " GOTOS38
PRINT USIMHG "RECORD HO. ## PikaHEL

FPRIMT""

S O IM SEC1EE

PRINT
FRINT
PRIMNT
PRINT
FRINT
PRINT
PRINT

=G
BEND
Wt

NEXT X

USTHG" #H#HEdsHES RN =

USTHG" $HESRERHESREIEREE=

LIS THG " #4#H R R =
USTHG" St =
USTHG" ####HHRE#AERRRENR=
USTHG" #H##E R 4=
USTHG " ###88" 28000, 280+

IF Y¥=2 THEHM BEGIM
PRINT"HIT AMY KEY WHEN YOU ARE RERDY TO"
PRINT"CONT INUE"
GETKEY F#
PRINT"I"

HE R+
B, DNECK+1 0
$CK), SAFOHALD
41
D CTECH+LD
.s8ci+1> ] Answer (2)

Answer (1)

1
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UNIT:3

Experiment 3.1

13 DATA PEMMY.HICKEL.DIME. SUARTER. HALF DOLLAR. SILVER DOLLAR
2 DATA 1348, 1953, 1998, 1978, 158

T8 DATA 1,5, 18.25.952., 199

48 DATA 2,6.20.: 2. 185

58 DATH 1688

&8 DATA ! . 1a7

TE DATH 2.2.32. 116

28 OIM CHEoS», Y S5

28 FOR J=1 TO &:REAQCECTs -HEXTT

108 4 S:READ YOKI :HEXT K

FRINT"THIS PROGRAM STORES THE VYALUES OF A SET OF 19248 COQIMS: -
PRIMT"FEMHY. HICKEL. DIME. CUIARTER, ™
FEIMT" HRALF DILLAR AHD SILYER DOLLAR"
FRIMT-PRINT"IM THE YEARS:"
FRINT"1248., 1992, 1229, 1275, 192a"
FRIMT -FRINT"IT CAH ALSO CALCULATE THE TOTAL WORTH OF THE COLLECTION
YEAR"
FRINT:PRIMTHFARTICULAR COIH,. OR®
IMPUT"TOTRL WALUE <FPoTaY;HE
IF W& = "P" THEM GOTO ZTA
IF HWE="T" THEH D 418
FRINT :PRIMT"IMNCORRECT ENHTEY. CHOOSE ACGRIH":GOTO 22
FRIMNT : INPUT"WHAT SOIN":ME
FOR
IF
HE=T T

WHAT YEAR",D
™] 5
* THEM Z=k:GOTO 258

o

FRIMNT:FRINT"THE “ALUE OF A 1348 "iM$F" IH  ";DHASY PO, Zx" CEMTS"
FRINT: INPUT"AMOTHER YRLUE Y/H";H$

IF A% "t THEH E56

GOTO Z25

FEINTU"EHD OF COIN WRLUE COMERRISTON"

ErHD
FEIMT
FOR K
IF ¥
MEST K

A=

FOR J=1 TO &

IHPUTLIHAT YERR" i H

TD 5

= H THEM GOTO 453

FRINT"THE TOTAL “ALUE IM ":H"WAS ".A

GOTO Zae
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UNIT:4

Experiment 4.1

1@ COLOR®,4:COLORS, 1
20 PRINT"THIS IS A QUIZ.THERE ARE 18 QUESTIONS.":SLEEP 3
20 J=0

4@ COLORS, 4

se READ GF

6@ IF @$="END" THEN GOTO 120

78 PRINT“2";Q$: INPUTAS

g@ RERD B

90 IF A$=B$ THEN J=J+1:GOSUB 1000

108 IF A$C> B$ THEM GOSUB 2000

118 GOTO 4@

1260 PRINT"IYOU GOT ";J"OUT OF 1@ CORRECT"

120 PRINT'THAT S *;J/10%100"PERCENT"

149 INPUT"CRRE TO TRY RGRIN";C$

158 RESTORE

168 IF C$="vy" THEN GOTO 40

178 PRINT"OKAY, BYE THEN"

188 END

1090 REM RIGHT RNSKER

1618 PRINT CHR$(Z7)“G"

1828 FOR %=1 TO 3

1839 PRINT “X":FOR N=1 TO 2@3:NEXT N

164D MEXT

1589 PRINT CHR$<{27)“H":RETURN

2000 REM WROMG RANSMER

20919 COLOR9,1:SLEEP 1

2929 COLORD, 4 :RETURN

3928 DATA WHAT IS A GROUF OF GEESE CALLED. GRGGLE

3819 DATR WHAT IS 64 IN ROMAN MUMERALS,LXIV

3920 DATA WHAT PRIMARY COLOR HAS THE SHORTEST NAME,RED
3932 DATA WHAT AMIMAL CAN RUN FASTEST.CHEETAH

3048 DATA WHRT DO CRRCIMOGENS CAUSE.CRANCER

3958 DATRA HOW MAMY FEET IM A MILE, 5220

39€@ DATR WHRT DO DATES GROW OM.PALM TREES

3978 DATR WHAT S A LOVE APPLE. TOMATD

3920 DATA WHAT‘S THE LARGEST PLANET. JUPITER

3990 DATR WHAT VITAMIN COMPLEX INCLUDES NIACIN AND RIBOFLAVIN,B
3189 DATA END

Experiment 4.2a
T . BP0 M N,

19 PRIMT "8I

28 WINDOW S5.5,25.15,1

2@ FOR X=1 TO 1@

46 PRIMT"mA -
SE HEXT ®:SLEEPZ

58 WINOOWIE,. 10, 20,28, 1

T FOR ¥ =1 TO 18

B PRINT"#N -
G MEMT X:SLEEPZ

198 LIHDOW 16.16.24.24,1
FOR ¥=1 TO 9

FRINT"@H -

HEXT #: SLEEPZ

WINDOW 28.28,.38. 24,1
FOR :x=1TOS

FRIMT" Eid L_
MHEXT 3

SLEERZ
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Experiment 4.2b

R T T S S W

S REMceskx CLEAR THE SCREEN AMD DEFINE COLORS ¥k
PRINT“Y"

COLOR4, 1:COLORS, 1 : COLORS, 3

REM#k#dk# SET UP COLOR WINDOWS ¥kkss

T80 WIMDOWL.2.13.14
48 GOsSuBSEa
58 PRIMT"=&"
€0 WIMDOW14, 2,26, 14
e GosSUBSon
28 PRINT" "
98 WINDDWNZT.Z2.39. 14

188 GOSUBSes
118 FRIMNT
115 REM#sskss« SET
126 WINDOWL. 1S

WP FPAYOFF WIMDON ek
22 COLORS . 7

123 FRINT"A L
1483 FOR H=1 TO &

158 FPRIMT'AS W o -
168 HEXT H

178 FRIMT"®A -

175 PRINT " COLORS, 2: FRIMT" K KPOT 1P TRY YOUR LUCK !
188 PRINT" SRralsIalalsan " PRIMT ; KEY TO STOF THE WHEEL"
1968 WINDOM3,4,11,12

191 REM#: ¥ BOLL SLOT MACHIME WIMDOWE sk
3 1B 1 e
, Cl=C
WIMDOM1E . 4,24, 12
GOSUER 1 5E8
CE=C
HIHDOME 4,37.12

GOSUEL1G

WMIMNOOWZ, 15,37, 22

SER HAS MATCHIMG COLORS AMD IF PAYDFF IS HECESSA

.l
"
=
¥
*
*
*
=]
m
-
m
o
=
Ll
i
=
T

2 AMOD 2 THEM GOsSUE
AL 1 THEHW GOSUER
A0 > THEM G0SUE
AMND Cz=CE THEM GOSUEB 1266

IHG" YOUR TOTAL IS $##, #da, #4700

THEH PRINT "YOUI BROKE EVEH"

A THEM PRIMT USIHGY YOU HAVE GRIMED $44#. ###. #4".J
FRINMT"DO YO WISH TO COMTIMUE oYoH»"

GBETHEY kK$

IF K YHY OTHEN PRINTY==] THE EMDY:EHD

IF K<Y THEM PRINT"TTI - GOTOZSS

GOTO 18

FEM#*¥##%% SLOT MACHIME COLOR WINMDOW DIMEMSIONS sk
PRIMT" A L

FORK=1TOL8

PRINT"®H = o

NEXT ¥

PRIMT" A -

RETURH

299 REM#E¥ER ROLL WINDDWS UNTIL USER PRESSES THE S KEY #¥%Es&
1068 GET S%

ie1@ DOUNTILSE="3"

1815 C=INTIRMDC1>¥14+20

1620 COLORS.C

1830 FOR X=1 TO &

124

PRINT"® -

MEXT *

GET S#%

LOOP

PRINT" "

RETIIRM

7 REMEk#dd PAYOFF SUBROUTIME seoksesk
PRIMNT"THREE MATCHIMWG COLORS
COLDRS, 2

PRIMT" JACKPOT #igd.a@a 1 1 1v
JI=J+108

RETLIRHM

COLORS., ¥

PRIMT"THMD HMATCHIMG SOLORE

COLORS, 2

J=J+25

FRINT" FARYOFE OF & 25.88
RETURH

Experiment 5.1

2 TRAF 200

5 FPE="CODE"

19 PRIMT"IM

15 PRINT"ENTER THE CORRECT FASSMWORD"
i Q=

28 FOR==1T0O4

48 GETE EF

59 DE=0OF+BEF

£l MEXT

73 IF O >FPE THEM FRIMTYWMRONG CODE AcCs
=28 IF DFE=FF THEW FRINT"YOL HAVE GRINED
28 MEW

ZE@ TRAFZO6 : FESUME

: DEMIED" : GOTOSE
E

Experiment 6.1

1 EE} * FEEE

2 REM#* IMITIALIZE *

2 REh +

: TE=2: Thi=@ : MCmG : MW+ : SC=9 : Sh=@ : ComB : Chi=E : DE=g: Uki=6
3 GC=g: Gl=A

7 REM¥kdkkn

5 REM® MAIM MENLU *

? REM

i it

15 FRINT "
11 KEY 1,“GOTG176"+CHREC 1)
12 KEY 2, G0T0d44 " +CHREC L3S
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13 KEY 2. "GOTOSSI"+CHREC 13 IF C=@THEM FP=@ G0TO £3%

14 KEY 4,"GOTO299" +CHRE 13! P=CC/ L@ #1008

15 KEY S, "GOTO1129+CHREC LI MC=C Pl ,
1€ EEY i.-':,"lf:l.’JTD4;{£l;"+l_Hﬁ~$1_13:'- PRINT USIHG "YOUR FPERCEMTRAGE IS ###. #8°Y Ml
17 KEY 7. U"BO0TOL274"+CHRECLED RE!STDP:E

18 KEY €. "GOTO7"+IHRSL 130 SLEEFS

19 C=@:k=0 GO TO 28

28 PRINT"II" REM#* # Ak

25 PRINT" TRIVIA QUIZ" REM¥ SPORTS ROUTINE *
38 PRINTY m===rmms=m=ml RED b e R .

35 FRIHT™® PRINT%; -

48 PRINT" CATEGORIES" LH=S0C8 : =@ : W=g

45 PRINT"" COLORS . 1: COLORS, 2: COLOR@, 12

Se PRINT® F1: TELEWISION® PRINT" SPORTS™

€0 PRINT" F2: MOVIES" PRINT""

78 PRINT" F2: SPOGRTS" ¥=1

80 PRINT" F4: COMICS" FOR T= 1 TO 18

85 PRINT" FS: MUSIC ¢ GOSUE 4@6k

86 PRINT" F&: GEOGRAPHY NEXT 7 I
a7 PRINT® F7: EXIT" REMMH#K HRREHAR N
96 FRINT"" REIM# SPORTS SUBTOTAL ¥

198 PRINT" xiniuielela"

1186 PRINT"FRESS THE APFROFPRIATE FUNCTION KEY":EHND
LAG REA A AR A A

158 REM#H# TY ROUTIHE LB

la8 RE? #

1va PRINT"I"

288 LN=5000:C=0: k=3

REM## T
PRINT® SPORTS®

PRINT"*

PRINT USIMG"IN THIS SECTION YOU HAVERHSWERED ##':C
PRINT""

PRINT WSIHG "CORRECTLY AHO ## LHCORRECTULY" .M

PRINT""

201 COLOR4,3:COLORS, 3 COLORD, 2 IF C=8 THEN P=0:30TO 250
218 PRINT" TELEYISION" P=CCALED %188

228 PRINT"" SC=C: SH=h

z3@ v=1

PRIMT " SINTRIRE el

249 FOR T=1 TO e PRINT USING “YOUR PERCEMTRGE IS W& 881" F

el Lidolie S0 - od RE‘:\TGPE

258 HEXT T SLEEFS

376 REN 50 TO 2@

377 REME TV SUBTOTAL #* REI ” — ok
TTE REPUSEEN MRS RN A oA REME#® COMIC ROUTIME e
386 PRINT" TELEVISION® REMHE A g P

385 PRINT™"
329 PRINT USIHG"IM THIS SECTION YOL HAYE RAHSWERED ##",C
9% PRINT™®

FRINT""
LN=5128: C=@ : K=&
COLOR4.S: COLORS. 3:COLORS. 11

488 PRINT USINHG "CORRECTLY AHD ## IHCORRECTLNY'" il PRINT™ coMics"
4@% IF C=0 THEH F=0:G0T0 415 PRINT""
418 FP=(C 18 %188

5 we=i

415 TC=C: Th=W
416 PRINHT " aiaieiwieislelnlulai"

FOR T =1 TO 14
GOSUE 4898

320 PRINT USIHS "YOUR PERCENTAGE 1S5 ##4, ##2.F s MERT T

424 RESTORE 1 REM#ss# RN ¥ EHRE

43 BLEERS 2 REM COMIC SUBTOTAL *

435 GO To 2@ T — I I *

448 RE Le LEE R SR L E T E L L] 7S PRIWNT" COMICS™

442 REM*## MOVIES ROUTINE * 1823 PRINT""

443 RE e e P 1825 PRINT USING "IM THIS SECTION YOU HAVE RNSWERED ##'.C
444 PRINT"II" 1898 PRINT""

45 LH=S04E 0=« =g 1695 FRINT USING "CORRECTLY AND ## INCORRECTLY "W
445 COLOR4, 7 COLORS, 7 COLORS, 15 1169 PRINT " aieiseislaanig”

445 PRINT" MOV IES C=@ THEM P=&:G0OTO 1115

458 PRINT" S1@r¥10E

455 w=1 6 TN

463 FOR T=1 TO 18 1116 FRINT USING "YOUR FERCENTHGE IS ###. ##1" P
465 GOSUB 4000 1127 RESTORE

475 HEXT T SLEEPS

SO RE DA e o A A A GO TO 28

€611 REM# MOVIES SUBTOTAL * [ —— *HE

BBZ RE PN A AN A R R A REM# MUSIC ROUTINE -

505 FRINT® Moy TES™ B b A ok *k

616 FRINT"" FRINT" O

€15 FRINT USING "IN THIS SECTIONM YOU HAVE FAHSHERED #%"C LN=S160: C=a - W=

£18 FRIMT""

2@ PRINT USING "CORRECTLY AND ## INCORFECTLY "W
24 FPRIMT""

525 FRINT " siatelaielaelnlegn)"

COLORY, &« COLORS . & COLORA - 1
FRINT" MLE=TC ™
PRINT""

v=1
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1168
115
1126
1306
1267
1202
1219
1315
1328
1325
1328
1335
1337
1548
1345
1345
1358
1353
1255
IS
1378
1371
1372
1274
13735
1376
1377
127
1375
1300
1351
1382
1354
13285
1356
1339
133
1294
1466
i43E
1432
1494
1455
1S
15148
1Szr
1539
1549
1559
155k
157a
15a0
1539
158
1R16a
1626
1398
1352
1994
. 1996
2089
za1e
28za
2830
2849
ze5e
=1
2ayva
e
2896
2100
2200
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FOR T = 1 TO 12

GOSUE 4808

MEXT T

IR Ll L * FHEE
REM#* MISIC SURROUT IHE *

FEMA b o

PRINTY MU TL
PRINT""

PRINT USING"IM THIS SECTION voU HAVE ANSHERED ##",C

PRINT"* ;

FRINT USIMG "CORRECTLY AND ## [HCORRECTLY" .M

FRIMT""

IF C=@ THEN P=@:GO3T0 1345

P=q/ 16 h #1686

UC=C : L=k

FRINT " BTN

PRINT USIHG "YOUR PERCEMTAGE IS WHk.##N"F

RESTORE

SLEEFS

o0 -t 20

REr

REM#¥¥ ExIT AHD FINAL TOTALS ¥

REr

FPRINT"2"

PRINT" YOUR FIMAL SCORE™

GT=MC+ TC+SC+CT+UC+GI

GH=PL T RSO+ U 5

FRINT" EE e i

PRIMT""™

FRIHNT"QUESTIONS AHSWUERED "

PRINT"®

FRINT USIHG ¢ CORRECTLY cHHE" 5T

FPRIWT LESING ™ TMCORRECTLY #8845 G

IF S5T=@ THEH GP=2:GOTO 1396

GP=CET.AGH+GT 1 ¥l

PRIMT* sTelnrie e TNt

PRINT USIHG "YOU AHSWERED ##8., #3822 LIOFRECTLY "GP

SLEEPT

PRINMT"II" : EMD

REM%#4

REM#% SUBRQUTINE TO CHECK

FEM# FOR ANSMWER "A"

REF #

GET KEY Al#

IF AlF<:"A" THEH BEGIH

FRINTYWRONG RNSWER. THE CORRECT ANSHER IS ¢ A"

W=h+1

BEHD

IF Al1$="A" THEH EEGIN

FRIMT"CORRECT 1"

C=Cel

EEMLI

SLEEPZ

FRINT""

PRINT"

FETURH

REM:

REFM¥ SUSRDUTIME TO CHECK

FEM* FOR AHSWER "B"

RET

GETEEY Rz¥

iIF AZ$<>"E" THEH BEGIH

PRINT"WRONG RANSWER, THE CORRECT AHSWER IS : B"
=p+1

BEND

1F AzZ#="B" THEHN BEGIM

FRINTYCORRECT 1"

C=C+1

BEND

SLEEFP3Z

PRINT "2

RETURN

. ¥

* ¥

RET A A o A

FEM#* SUBRDUTIME TO CHECK *

REM# FOR AMSWER "C" *
5 FEMAE AR R R

GETHEY AZS

IF AZFSH"C" THEW BEGIM

4az6
4825
@30
3646
4958
4250
4BES
a@7e
4056
429
@35
4156
G116
4115
4116
4117
4128
414
4201
428z
4203
44
4285
4208
4za7
4zas

FRIMT"HRONG AMSHWER. THE CORRECT AMHSHER IS - CY
W=hi+1
BEHD
IF AZ#E="C" THEM BEGIM
FRINT"CORRECT 1"
C=C+1
EEHD
SLEEFZ
FRINT""
FRETLUREN
FE P AR R
FEM#$ SUBROUTIME TO READ AMND LIST *
REM# GUESTIONS AND ANSHERS *
REMAck b b R R R R
RERD G ¥, A
IF =M THEM BEGIN
FRINT USING "OUESTION HD. ##':Y
PRIMT*" PRIMT""
W=+ 1
FRINT O%
FRINT""
EEND:ELSE GO TO 4008
LH=LH+1
FOR B=1 TO =
READ Q.Q%cB>.0
FRIMT " RS 1 =
LHM=LHM+1
FRINT""
HEXT B
IF A=1%5H8 THEH GOSUE 1584
y

IF 2@ THEN GOSUE 2980

IF A=3088 THEM GOSUE 3008

RETURN

BE Mtttk b b o
FEM¥ GEOGRAPHY ROUTIME *
REMEE S A kAR
PRIMNT""

LH=S5288 =0 k=a

COLORG , 3 COLORS. 2 COLORE. 1
FPRINT" GEOGRAFHY"
PRIMT""

Y1

FOR T=1 TO 1@

GUSUE «290

HERT T

FE Mtk bt R

REM* GEORRAPHY SUBTOTAL *

REM#H i #3159

FRINT" GECQGRAPHY"

PRINT" "

PEINT USING"IN THIS SECTION Y0OU HAVE ANSWERED ##':C
FRINT""

7 PRINT USING “"CORRECTLY AND ## IMCORRECTLY™: W

IF C=@ THEN P=0:CG0T0 4218

P={C/1R¥183

GO : Gld=td

PRINT " SinDseDeIairaL "

FRINT USING "YOUR PERCENTAGE 1S H###.H¥X".F
RESTORE

SLEEPS

GO TO z©

REM L a

REM#% DATA, QUESTIONS AND AMHSHWERS #*

REM#on A
DATASE28, WHAT ROLE 01D RALPH WALITE PLAY 7.1500
DATAS®G1,A> JOHN WALTOM ON THE WALTONS, 1
DATASO®Z, B> GEDRGE APPLE ON APFLE'S WAY.2
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See:
Sanq
Saas
SO0
=1= 1
Seas
S
5816
sa11
S8a12
Se13
=
5815
Sa1s

DATASBOZ.C) LARRY TAIT O BEWITCHED.Z
DATASO4 , WHD PLAYED THE JOKER OH THE BATHMAH
DATASEAAS . A» CESAR ROMERD. L

DATASH6S, B> BURGESS MEREDITH. 2

OATASDO7.C» FRAMK GORSHIN. S

DATASHOOS . WHAT WAS THE HAME OF THE DG OM THE
WU AT e PR - o

OATASO1@.82 ALICE.2

DRATAS211.C» TIGER.Z

DATASA12Z . HAME THE WESTERM SERIES THAT HELPED MAKEJAMES GARMHER FHMOUS 7, 2069
DATAS21 2. A2 WANTED DERD OR ALIVE.1 3
OATARSA14.B> MAVERICK, 2

DATASV1S.C> RAWHIDE. 2

DATASOL1E, 0N THE SERIES GILLIGAM S ISLAHD WHAT WAS THE SKIPPER-S FULL HAME 7

SERIES 7.1560

ERADY BUNCH 7. 3803

. 2090

5817
So18
S5a19
Seza
S8zl
Sezz2
Saz3
Sez4
Se25
Seze
sez2?
5028
Saz2s
S03a
Se31

503z
Se33
5834
5835
SO3E
S037
5e38
2833
5S040
So41

S04z
o473
5044
LACK
0435
5046
Sa47
Sa49
58435
S@5e
Se51

5852
Sa%2
Sa%4
5055
S@56
5057
S5a%5e
Se59
JesR
<o0a
Se61

Seez
SAE3
Sac4

5@63
Sees

JOe7
Seeg
NIRO
Hess
so7e
Sa7!
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DRATASB17.A> ROY HINKLEY.1

DATASB18.EB> JONAS GRUMEY.Z

DATRSA1Z.C> GINGER GRAMT.3

DATASOZzE. ON THE BEVERLY HILLEBILLIES WHAT WAS
DATASOZ1.A> DARISY. L

DATASOZZ. B> PEARL.Z2

DATASOBZ3.C> ANNIE MAY. 2

DRTASH24 ., WHAT IS THE ID MUMBER FOR
DATASB2S. A ALR FORCE HE. L
DATASeZE. B> MOC 17al.2

DATASBZ?.CH» FSS 1502.3
DATASOLE . WHD PLAYED THE GREEM HORMET S WRLET KATO OH TV
DATASBZZ, A> ANN B DAVIS.1

DRTASEZ0. B> BURT WARD. 2

DATASEZ1 .0 BRUCE LEE.3

DRTASA32, WHO PLAYED QEHHIS «THE MEMACE> MITCHELL ON THAT TY SHOMW 7. 1588
DRTASB32, RA>» JAY NORTH,1

DATAS&34.E> TOWY DOW. 2

DATASEZS, C>» MASON REESE.Z

DATAS@3E. O THE SERIES THE MUMSTERST WHAT WAS THE HAME OF THE DRAGOH 7. 2608
DRATASE37. A+ PUFF. 1

DATA%E38.B>» SPOT.2

DRATASEZ2,C> CECIL.Z

DATAS@4@. WHICH LEAD ACTOR HNEVER CO-STARRED
DATASE41 . A2 CLINT ERASTWOOD. 1

DATASR4Z,. B> RONALD REAGAH. Z

DATASR43.C>» CLIFF ROBERTSOM. 2

DATAS@44. WHICH OF THE FOLLOWING WOODY FAiLLEH
& WHITE 7.20800

DATAS345. A MANHATTAM. 1

DATASE4EL . B> BANANAS, 2

DATASA47.C) ZELIG. 3

DATAS®42, WHICH MOVIE DID NOT TAKE FLACE IN

GRAHNY S FIRST NAME 7. 1506

IHE FEDERATIUNSTARSHIF ENTERFRISE?T. Z00g

7. 3008

WMITH A LIVE AFE 7.329%aH

MOVIES WAS HOT FILMED IM B

PHILADELFHIA 7. 2608

'DATASR49. A TRADING PLACES. 1

DATAS@SE. B> CHU CHU & THE PHILLY FLASH.Z2
DATASES1.C> ROCKY. =

DATASESZ. WHICH OF THE FOLLOWING WARS MOT A DIRTY
DATAS®SZ. A> SUDDEN IMPACT. 1

DATAS8S54. B> MAGHUM FORCE., 2

DATAS@SS,C)> TIGHTROPE, 2

DATAS@SE, WHAT WAS THE FIRST JAMES BOHD MOVIE *. 3008

DRTASASY.A> THUNDERBALL., 1

DATASOSE. B> GOLDF INGER., 2

DRATASASS.C> DR. ND.3

DATASOSE . WHICH KING ARTHUR MOVIE DID MHOT FEATURE A MAGICIAM NAMED MERLIN 7.

HARRY MOVIE 7. 320609

DATARSBEL . A> EXCALIBUR.

DATASHEZ, B> MONTY PYTHON & THE HOLY GRAIL.2
DATAS@EZ.C> THE SWORD AND THE STOME. 3
DATAS@EY . WHAT MOTEL WAS FEATURED IM ALFRED
DATAS@®ES.A> BATES MOTEL. 1

DATASE66.E> ROACH MOTEL.2

OATASBET.CY MOTEL CALIFORNIA. 2
EH;SgZGBJHHICH OF THE FOLLOWING WAS MOT A CHARARC-TER PORTRAYED BY ROBERT DE
DATASBE3 . A> JAKE LAMOTTA.1

DATASO?R.B> RUFPERT PUFKIN,Z

DATASOTL. C SOHNY CORLESIE. -

HITCHCOCK S PSYCHO 7, 1560

sa7 e DATASBTZ. WHAT FRATERMITY CID JOHM BELUSHI BELOHS TO IM AMIMAL HOUSE 7, 2060
sp73 DATAS@T3.A PHL OMEGH. 1

sa74 DATASGT4.B> ZBT.2

sp7s DATASBTS.C)» DELTA HOUSE. =

sa7e DATASOTE.WHD WOM AN OSCAR FOR THE YERR OF LIVING DRMNGERQUSLY 7.308a

sa77 DATASOY?.A» MEL GIEBSON. 1

sg7g DATASA7S.B> SIGOURNEY WERVER.Z2

sp79 DATASD?I.CH LINDA HUNT.Z

sga@ DATASES8E6.WHAT CITY HAD THE 1ST PRO BASEEALL TEAM THE AMERICAH RED STOCKIMGS
, 2000

5021 DRTASO8L1.A» CHICAGD. 1

sp82 DATASYS2.8> CINCINMATI.Z2

5982 DATASOS2,C> BOSTON.2

spgq4 DATAS@S4, WHAT DID THE ¥ IN ¥ A TITTLE STAHD FOR 7. 1508

5055 DATASOES,A> YELBERTON. 1

5a86 DATASOS86.B)» YORKTOMWN. 2

sg8? DATASE87.,C) YELLOW, 3

sp58 DATAS@S8E.WHAT TWO TEAMS PLAYED THE FIRST IMTER- COLLEGIATE FOOTEBALL GAME ©
, 2909

5989 DATASE8S.A) FRAMKLIN AHD MARSHALL .1

sa99 DRTASO90.B> HARVARD AND MCGILL.Z

5891 DATASES1,C> HARVARD AND PRINCETON.3

5092 DATASASZ, ANAHEIM STROIUM IS NOT THE HOME STARDIUM FOR WHICH TERM . 2500

@93 DATASRS3, A)Y CALIFORNIA RANGELS.1

sp94 DATASAS4. B) LA RAMS.2

295 DATASA9S. C» LA RAIDERS. 3

5a9c. DATASOSS . WHO WERE BOB AMD CAROL TED AND DRLLAS IMSFORTS IH THE LATE &85 7.2
11

sa97 DATASAST.A> TENHIS MIKED DOUBLES. 1

s892 DATASVYSS.EB> BOSTON BRUINS DEFEMSEMEN. =

S@99 DATARSE92,.C» LEADING SHOW DOGS, 3

5100 DATAS10O. . WHICH OF THE FOLLOWING DID HOT GO 70 THE FPHILLIES IMN A TRADE FO

R OICK ALLEN 7.288Q

51e1
5182
5183
5104
S1e5
S18s6
s1a?
Sles
5199
Si1@
S1i1
%112
S113
5114
5115
5116

DATAS181.RA> TIM MCCARVER. 1

DATAS182.B» CURT FLOOD.Z2

DATAS182.C> WILLIE MONTAHEZ, 3

DATAS1@4. WHICH HBA FRAMCHISE WAS ORIGIMALLY THE
DATAS18S5.A> DETROIT PISTONS. 1
DATAS1864 By HEW YOREK KHICKS.Z
DATAS187.C> PHILADELPHIA VEERS.Z
DATAS1@S.WHD SAID MICE GUYS FINISH LAST
DATAS189.A> LED DUROCHER, 1

DATAS11@.8> VINCE LOMBARDI,Z
DATAS111.C> GUY LAFLEUR.3Z

DATAS112, THE GREEN JACKET IS CONNECTED WITH WHAT GOLFING EVENT 2, 2000
DATAS113.A> BRITISH OFEN. 1

DATAS114.B> MASTERS TOURHAMEMT. 2

DATAS115.C> US OPFEN. 3

DATAS116, WHICH LOCATION WAS NOT A SITE FOR A

SYRACUSE MATIONALS 7. 3000

. 1589

FRAZIER AND ALI TITLE FIGH

T 7,200

5117
5118
5119
5120
5121
S1z22
5123
S124

ODATAS117. A> MANILA.1

DATAS118, B» ZIMBRABWE.Z

DATAS112. C> NEW YORK CITY.2

DATAS128. WHAT DOES CHARLIE BROWH S FATHER DO FOR A LIVIHG 7. 1560
DATAS121. A» CUT HAIR.1

DRTAS122, B> DELIVER MAIL.Z

OATAS123. C> DELIVER MILK.3

DATAS124 ., WHAT CHARACTER FROM ANOTHER COMIC STRIF IS RELATED TO BEETLE BRILE

¥ 7. 1500

5125
Slze
Si2v
S1ze
Siz9
5129
i
5132
S123
51349
5135
5135
5137
513

DATAS125.A> LOIS OF HI & LOIS.1

ODATAS126. B> SAD SACK.2

DATAS127V.C» LOLLY.3

DATAS122. WHAT COMIC STRIFP FEATURED SHMCOS 7, 1560
DATAS122.A> LIL ABHER.1

DRTAS128, B> POGO. 2

THTTST 51707 BHRHEE Y LUULLE » >

DATAS132. THE CHARARCTER BO IH DOOHESBURY WAS BASED ON WHOM
DATAS133, A CARTOONIST GARRY TRUDERL. 1

DATAS134.8>» SINGER EOE DYLAN.Z

DATAS13S,C» YALE QAUARTERBACK BRIAN DOWLIMG, 2

DATASIZE6, IN WHAT COMIC STRIFP WILL YOU FINMD A DOG NAMED HOTDOG 7. 15689
DATAS137.A» ARCHIE. 1

DATAS122. B8 DEHNIS THE MENACE. 2

7. 30808
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DRTASZBI, AX ST MARTIN.1
DATASZ1&. E» GUAM.2
DATASZ211.CH ARUBA. 3

2 DATASZ12. THE CORIENT EMPRESS ORLGIMATES IN WHAT CITY 7.
: DATASZLZ. A PEKING. 1

DATASZ14. B LOMNDOH
s DATAS215.CY PARIS.
; DATASZ21E, ICELANHD SELGHGS TO MHAT COUNTREY 7, 2600
DATASZIT. A GREEMHLAND. 1

DATASZ12. By CAMADA. 2

DATAS219.C )y DEHMARE. .
DATASZ28 ., SCHIPHOL AIRPORT
DATARSZZ21 .70 JOHAMHESELIRG, 1
DATASZ22. B MICE. 2
DATASZZ22. 0 AMSTERDAM. 2
DATASZZ24, WHICH CANADLIAMN PROYINCE IS THE FARTHEST WEST . 2088
DATARSZES. A BRITIEH COLUMETA. L

= DATASZZe. B ALBERTAH.Z

ODATHS2Z7. 0 YUKRDM, 32

DATAS2ZE, MHERE IS GRAMT S TOME 7, 2088

DATASZZ2. A OHID. )

DATARSZZ6 . B NEW YORE, 2

DATASZ21. 50 WASHINGTON D, 3

DATARSZ3Z.WHAT 1% THE SECOMND LARGEST C1TY IH FRAHCE 7. 1508
DATASZ23. A LY0OM, 1

DATASZE4 . B STRASBOURG, 2

=139 DATARS13%.C) FRED BASSETT.3 P ]
5140 DRTASL14@. IN WHAT LOMG RUNNING COMIC STRIF WILL YO FIND & LIOH TAMER'S CL
LE 7, 1580

5141 DATAS141.A) MUTT AHD JEFF.1

5142 DATAS142.82 THE FLINTSTOMNES, 2

5143 DATAS143.0) BLOMDIE. 2

5144 DATASL44, WHAT COMIC STRIF LATER BECAME SHUFFY SMITH 7. 2080

5145 DATAS145.A» GARSOLINE ALLEY.1

S14& DATAS146,B» BARNEY GOOGLE, =

5147 DATAS147,C3 THE TOOMERVILLE TROLLEY.

5143 DATASLI4Z, WHAT OLD CARTOON STRIP FERTURED MAGGIE & TIGHE 7. Zaad

5145 DATAS14%, A THE JIGG 15 UF.1

5158 DATAS1S@.8» MY LIL MAGGIE.Z

5151 DATAS1S51,C) BRINGING UP FATHER.3

5152 DATAS1SZ2. WHAT WAS CARTARIN MARYEL S NICKNAME T 2008

51532 DATAS152.A» THE RED TORPEDO. 1 4
=154 DATASL1S4.8» THE BIiG RED CHEESE. 2

%155 DATAS1SS.C» THE RED BEE.3Z

5156 DATAS1SE. NHICH SUPER HERD GOT HIS POWERS OTHER THAM BY NUCLEAR RCCIDENT?,

i
&
5
]

]

SERVYES HHICH CITY 7. 3600

5157 DATHSLS?. A SPIDERMAN, 1

5158 DATAS1SS.B: THE IMCREDIBLE HULK. =2

5159 DRTAS152.C» THE FLASH.Z

5160 DATAS1EE. WHICH OF THE FOLLOWING IS NOT A BEATLES SOMG 7, 1508
51561 DATASIEL . A SUNNY AFTERNOON. 1

S152 DATAS1E2, B SUN KIHG, 2

5162 DATAS163.C» I7LL FOLLOW THE SUN.3 ?-Cl THRSEILLE,J
5164 OATAS1SE4, WHO SANG THE HIT THEME SONG FROM THE JAMES BOND MOVIE GOLDF INGd EWHICH OF THE FOLLOWIMG T3 MHOT A CHFITAL CITY . e
R 7,150 T AD BUODAFPEST. 1

DATARS232% .68 BELGRADE, &
DATARSZ3Z 0 MUHICH, 2

5155 DATASLIES.AY SHIRLEY BASSEY. 1
5166 DATAS166,8) SHEENA EASTON.Z
5167 DRTAS167.Cx HAMCY SINATRA. 3
5168 DATAS165, FETER MNOOHE WAS THE STAR OF WHICH EMGLISH SINGING GROUP 7.1%

S169 DATAS1EZ, A HERMAM S HERMITS. 1
S176 DATAS17E. B THE SEARCHERS.Z2

5171 DATASL7i.C» THE MOOOY BLUES.3 i
S172 DATASLTZ. WHO WROTE THE SOHMY AND CHER HIT S0HG THE BEAT GOES OH 7.2888 . Experimenf 6.1/4
5173 DATASLITI.A» HELIL DIRMOND. 1
5174 DATASLI74.B) BOB DYLANW. 2

5175 DATAS17S. 0 NEIL SEDAKA. =

1 REMHHES + *
5176 DATAS1TE. MHAT WAS ELYIS FRESLEY S FIRST HIY 7. 2800 i 3 QEL* ITIALI9E N
S177 DATAS177, A2 BLUE SUEDE SHOES, 1 ] % REM¥ o e
Si78 DRTASL7E, &> HOUND 0O0G. 2 : SEMR R ok FREEFEN

4 TC=3: Th=: MC=0: Mu=8  SC=3: SH=8: CC=0  Cl=8 - UC=5 : =0
S Go=0: Gld=8
7T REMEER kSRR

=179 DATASLITZ.C» HEARTERERAK HOTEL. 2
€126 DATAS1S@. SIMON & GARFUMKEL WERE ORIGIHALLY CALLED WHAT HAME 7. 1566
5151 DATAS1=L. Ay TOM & JERRY. 1

e

5182 DATAS182.B3 THE TEEMAGERS, 2 1 : Eﬁ”* N L *
S183 DATAS1S3,Cx THE MURK THING. 3 ? 10 PRINT " 4 bl il
S184 DATAS1S4.ERNEST EVANS S STAGE NAME 1S ¥, 3000 | 11 KEY 1,GOTO17a"+CHRESC 13
5165 DATAS18S.A FATS DOMING, 1 ! 12 ke ?J"Gnrm4;4"+EHésﬁizf
S136 DATAS1ISE, B) MEATLOAF, 2 ! 13 KEY %, "GOTDESS" sCHRSC 137

5187 DATAS1S7.C» CHUEBY CHECKER.:Z
Si122 DATAS1SS. WHAT GROUF DID ERIC BURDOM START AFTER  LEAVING THE AMIMALS 7, 2008
S18% DATAS1S82.HY CREAM. 1 :

14 KEY 4."GOTOSSS"+CHRE 135
;
Lo by ol LU UL ss s ke Lo s

16 EEY &, " oy g - -
S198 DATAS1SE, B WAR, 2 17 Kew e et
5191 DATAS191.C) DELANEY & BONNIE.® 18 KEY &, "GOTO " sLHRECT S
5192 OATASLISZ.WHD HAD A BIG @3 HIT WITH THE S0MG BERHMADETTE 7.1588 19 C=G: =@ T e
5193 DATAS1S3, A THE TEMFTATLIUNS, 1 28 PRINT=O
S194 DATAS194.E» THE TRAMMPS. 2 : 25 PRIMT" TRIY =
5195 DATAS195.C» THE HOLLIES.Z 38 PRINT" IE:::T-GUIiu
S196 DATH S196, MHICH SOMG DOES HOT MEMTION GREYHOIUMD BUSES 7, 1584 ! 5 PRIMT""
S197 DATAS1ST. Ay BUS STOP BY THE HOLLIES. ! i 48 PRINT™ CATEGORIES"
S198 DATAS192, B RAMELIH MAN 8Y THE ALLMAN BROS. 2 1 45 PRINT"~ =
5199 DATAS19S,C> AMERICA BY SIMON & GARFUNKEL. 3 1 58 PRIMT™ : ] w
sz@@ DATAS290, WHERE IS THE THE BERMESE OBERLAND 7. 1509 i e PRIN;“ Eé' ;S;?:é?IDH
Soal DATAS2G1. A3 SWITZERLAND. 1 I 79 PRINT® F3: SPORTS®
S22 DATASZOZ.B) GERMANY. 2 i 58 FRINTH Fa Eanfggn
S2e7 DATAS203. 01 KEMYA. 1 85 PRINT™ FS: MUSIC
S204 DATASZG4,WHAT 15 THE CAPITAL OF CUKEMEBOURG . 1SHA PRINT® FE: GEOGRAPHY
5205 DRTASZES. M) LUXEMECOURG CITY. 1 | 87 PRINT» F7: EXIT"
5205 DATASZOE . B YADUZ, 3 ] 9@ PRINT"»
S207 DATASZET.C: THE HAGUE, D 1
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PRINT " Wsiaiatsien

PRINT"PRESS THE APPROPRIATE FUMLCTIOH KEY":EHD
FEM##kE HA A AR

REMieed TV ROUTINE Hk

REM* A KRR

PRIMNT 2"

LH=5600 : C=0 : W=0

COLOR4, 3: COLORS, 2: COLORE, 2
PRIMT" TELEVISION"
PRINT""

=1

FOR T=1 TO 18

GOSUE 4006

NEXT T
RE! ok L
7 REME TV SUBTOTAL *
REMAckkAokdoR KA *
PRINT" TELEVISION®
PRINT""
PRINT USIMG"IM THIS SECTION YOU HAVE ANSWERED ##":iC

PRIMT"

PRINT USING “CORFECTLY AND ## [NCORRECTLY™:M
IF C=@ THEN P=0:GOTO 415

P=(C/10)¥108

TC=C: TH=

PRINT " MDDOOsTaae

PRINT USING “YOUR PERCENTAGE LS ###. #EI"P
RESTORE

FORMG=1TO1509 : HEXTRD

GO TO 2@

REM¥#¥ +* Al FEE L

REM#E MOVIES ROUTINE *
! REMERSESEREREEEEEE PR EEEEE R

FRINT"O"

LM=S50643 =0 : K=Q

COLORS . 7 COLORS, ¥ COLORS. 1S

FPRIMT" MOVIES

PRINT"

Y=1

FOR T=1 T 14

GOEUE 4000

HEXT T

REMESEEE SR EEEEEEEFEFEEE S E RS FRFREEE S

EEM# MOVIES SUBTOTAL *
FEMEFEEREEEEEEEREREEFEREEEREEE RS SRS

FRINT" MOWIES"

PRINT""

PRIMNT USIHG "TH THIS SECT IOt A0 INVE ANSHERCO w1

FRINT"" i
PRIMT USIHG "CORRECTLY AND ## IHCORRECTLY “id
PRINT""

PRIMT " S

IF C=0THEN P=0:G60TO 635

F=(C/100¥100

MC=C - M=W

PRINT USING “YOUR PERCENTRGE IS #H##.%8x";F
RESTORE

FOROR=1TO150G  HEXT GG

GO TO 29

PEME#SAK SRR AN SRR

REM* SPORTS ROUTINE *
REMERIIRE R HH D SRR

PRINT*O"

LN=5026 : =0 : =0

COLOR4 . 1:COLORS. 2: COLORG. 12
PRINT" SPORTS"
PRINT""

w=1

FOR T= 1 TO 1@

GOSUE 4000

HEXT T
Lt e R P L L
REM# SEORTS SUBTOTAL *
REMEFSEREEER R E R RERR RS A AR SRS

SC=C: SH=K

FRINT " sl

PRINT USING "YOUR PERCENTARGE IS ###.##:"
RESTORE

FORGIQ=1TD1 5688 : NEXTRG

GO TO 28

REr

REM#s# COMIC ROUTIMNE L

RET ¥ AR O
PRINT""

LN=S51260:C=9: =&

COLORS, S-COLORS. 3: COLORS, 11
FPRINT" comMICs"”
PRINT™"

Y=l

FOR T =1 TO 1@

GOSUE <4008

HEXT T
REM™# AN RAAAARARAN
2 REMM COMIC SUBTOTAL *
 REMAK AR AR AR AR
PRINT™ COMICS"
PRINT""

FRINT""

iF

FRINT USING "CORRECTLY AND ## IMCORRECTLY

PRINT " aTsTenis{islnle]"

IF C=0 THEM P=2:G0T0 1115
F

A S E-SE 31 -]

15 Cledomiel

PRINT USING "YOUR PERCEMTAGE 1S ###, #e2" P
[

FORGE=1 TOLSE8 - HEXT G13

GO TO 26

REME S SRR SRR RN R bk

FE M MUSIC ROUTINE *

§ PEMAREE RO R KR

FRINMT"O"

LM=T168:C=6: =6

COLORESG & COLORS, & COLORE, 1
PRINT" M EIC
FRIMT"™

¥=1

FOR T = 1 7O 18

GOSUE 4060

MEXT T

REM#% o #* *
REM# MUSIC SUBROUTIME *
o e AR A
PRINTY MUSIC "

PRINT" "

PRINT" "

PRINT"™

IF C=@ THEM P=8:G0T0 1345
P=(C/1@3%180

=0 =

5 PRINT * DD
PRINT USING "YOUR PERCENTAGE IS #HE. WK™

RESTORE

FORGG=1 TOLSEA : HEXT G

GO TO 24

VT o o A A A
FEM#%¢ EXIT AND FINMAL TOTALS *
FEIEEITT o ol o o S

“F

PRIMT" SPORTS"
PRIHT""
s PRINT USIHMGYIH THIS SECTION YU HAVERMSMHMERELD
PRIMT""
g PRINT USIMG "CORRECTLY AHD ## IMCORRECTLY™
g PRINT™Y
IF C=8 THEH FP=@:G0T0Q 28
=]

i PRINT USING "IN THIS SECTION YOU HAYE AHSWERED

il

FRINT USIHMG “CORRECTLY AND ## IHCORRECTLY"™. W

HH O

2 A e

PRIMT LSING"IN THIS SECTION YO HAVE ANSMERED ##";C
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1374

1275
1376
L1377
1378
1373
1388
13281

1382
13284

1385
1388
1399
1392
1354
1408
1498
1492
1494
1436
15098
1519
1520
1532
1549
1568
1579
159@
1600
1610
1620
1589
1992

1994
1996
2089
ze1e
282e
2a38
2844
z2Bse
2878
2090
2108
2z0e
2998
2992
2934
299c
z20ea
2910
Iz
zaze
F048
2086
378
3890
3100
208
29500
2992
3994
3396
4008
4019
4928
4025
4930
4840
4058
4065
4079
4088
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PRIMT"T"

FRINT" VOUR FINAL SCORE®
GT=MC+TCH+ECHCC+HIC
G=MW+ T+ S+ T+

PRINT" ———— e e
PRINT""

PRINT"QUESTIOMS AMSWERED
PRINT""

FRINT USIHNG " CORRECTLY CHNHE" D GT

PRINT USING "
IF GT=8 THEM GF=8:0607T0 1330
GP=CGT/CGH+GT 3 3 %108
PRINT " SOeTaiasDegasDape

PRINT USING "YOU AMSHWERED ###.##: CORRECTLY ":GF

FORGE=1TO1560@ : NEXT Q&
PRINT"I" : EWND

FEr
REM# SUBROUTIME TO CHECK *
REM# FOR'ANSWER "A" *
REF

GET KEY Al#

IF Al$="A" THEN GOTO 1568

PRINT"WMRONG ANSWER. THE CORRECT AMSHER 1%
W=+ 1

GOTO1596

PRIMNT"CORRECT '"

C=C+1

FORQG=1TO1588 : NEXTRG

wIHT‘IIl

FPRINT"O"

RETURN

REMERRARESERRRRAESE RS ERRR DTSR RA

REM# SUBROUTINE TO .CHECK *

REM#* FOR AMSWER "B" *

FEf
GETKEY Az¥

IF Az&="B" THEW GOTOD 2060

PRINT"WRONG AMNSWER., THE CORRECT RAMSHER IS
W=li+1

GOTOZA38

PRINT"CORRECT "

C=C+1

FORGIED=1TOL158 - HEXT G

FRINT""

RETURN

REM*
REM#* SUBROUTIME TO CHECK *

REM#* FOR ANSHER "C" *

RE? b FhEE
GETEEY AZ#

IF AZ$="C" THEH GOTO 3858

PRINT"WROMG AHSMER. THE CORRECT AMSHER I3
W=hi+1

GOTO3B38

PRINT"CORRECT "

C=C+1

FORGR=1TO15060 : NEXT G0

PRIMT""

EETURN

FE M o o *

REM#% SUBROUTIME TO READ AHD LIST *

REM¥ QUESTIONS AND ANSHERS *

ERE!
READ G, &%, A

IF @<L THEN GOTO 4000

PRINT USING "QUESTION HO. ##".Y
PRINT"" :PRINT""

Y=Y+l

PRINT G#

FPRINT""

LH=LN+1

FOR B=1 TO 3

READ Q. C$<EB).D

IHCORRECTLY - #i###" . Gl

A

40990
4895
4108
4118
4119
4116
4117
4128
4208
4281
4282
4283
4284
42873
426
4287
4285
4203
421
4211
43298
4281
4282
4302
6334 -
4385
4305
43287
4z
43@2
4216
4211
4312
4313
421%
4318
45@8
4516
4528
SEEE
Seal
i g
et= 1o
isl=R
S0a5
TEMAE
o= s g
THas
SEaE
S@ta
SE11
a1z
=15 8
S@14q
Se1s
Sale
- 2083
5@ty
SElg
5913
Saze
Sezy
Shzz
s peic
SEzq
Sags
1= =0
Sez?
Seze
Seza
5830
5831
Sazz

FRINT " "iRECE D
LH=LH+1

PRINT""

HERT E

IF A=1589 THEM GOSUE 1588
IF A=2089 THEN GOSUE Zoao
1IF A=3808 THEH GOSUE 3080
RETURN

A
REF bbb

REM# GENGRAPHY ROUTIHE *

RET FEH R

PRINT"II"

LH=5268:C=0:4=8

COLORS . 2: COLORS . 2 COLORS. 1

FRINT" GEOGRAFHY "

FRINT""

¥=1

FOR T=1 TO 14

GOSUE  400e

HEXT T

REF FENE

REM# GEOGRAPHY SUBTOTAL *

RET #ENNE 41560

PRINT" GEOGRARHY"

PR INT

FRIMT USING"IN THIS SECTION YOU HAVE AHTWERED ##".C
FRINT""

PRINT USING “"CORRECTLY AHD ## IHCORRECTLY".W

IF C=8 THEMN P=2:G0T0 4219

P=CCA/1@ %188

TC=C: Th=K

FRIHT " aaialeIaiasininle]

FPRINT UISING "YOUR PERCENTAGE IS ###.H8H".P

RESTORE

FOROG=1TO1S586 - HEXT 2

GO TO 2

RES
REM#* DOATAS GUESTIONS AND ANSHERS #

FE! #

DATASE99, WHAT ROLE DID RALFH WAITE PLAY 7. 1560
DATASHEL, A JTOHM WALTOM ON THE WAL MHS. 1
OATASBEZ. B> GEORGE APPLE OH ARFPLE & WAY. 2
DATASBR3.C: LARRY TRIT Oh BEWITCHED. 2
DATASOEL . WHDO PLAYED THE JOKER OM THE EBRTHMAM
UATASEBS . A CESAR ROMERG. 1

ORTASEOC . By BURGESS MEREDITH. =

DATASEOT., T FRAME GORSHIMN. 3

OATHSBES, UHAT WAS THE HAME OF THE DG Ot THE
DATASBAZ,. A PRINCE. 1

DATASB1G.By ALICE. 2

OATHZB11 .0 TIGER.=

DATASALZ, HAME THE WESTERH SERIES THRT HELFED MAFEJAMES GRRHNEF FAMOUS 7, 2008
OATHESGL2.A2 WANTED DEAD OR ALLIVE. 1

DRTASEL4, B> MAVERICK. Z

ORTASE1S. C RAMHIDE. 2

DATASELS. O THE SERIES GILLIGAM S ISLAHD MHAT WAS THE SEIFPER-S FULL HAME 7

SERIES 7, 15608

BRADY BUNCH 7. 2068

DATASSL17. A3 ROY HIMKLEY. 1

DATARS®LZ2,. B JOHAT GRUMBY.Z

DRTASE1D.C) GINGER GRAMT .2

CATASGZE. O THE BEVERLY HILLBILLIES WHAT WA GREANNY S FIRST HAME 7. 1500
OATASBZ1.AY DAISY. 1

DATASGZ2Z2. B0 FEARL.Z

DATASBZ3.Cy AMNIE MAY.3

DATASB24, WHAT IS THE 1D HUMBER FOR THE FEDERATIOHSTRRESHIF EMTERFRISE?, 2089
ORTASHZS. Ax AIR FORCE ONE. 1

DATASEZS . By MCC 1781.2

DATARS@27.C» FSE 1902, 3

DRTASOZS . WMHD PLAYED THE GREEM HORMET = VALET AT OM TV 7, 2004
OATASBZ2. A ANM B DAYIS, 1

DATASG26. B> BURT WARD.Z2

DATAS®31.,C) BRUCE LEE.Z2

DATASB2Z, WHD FPLAYED DEMNIS (THE MEMACE) MITOHELL ON THAT TY SHOW 7. 1534
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Ses
SE324
535
SB36
=15 c g
5838
S@39
Se4@
S@41
S042
5043

Sec8
Zeas
S861
Sesz
5063
S654
SEES
SecE
SBeT
SR88
HIRO
Sas9
Seve
5871
sarz
sars
Sa74
e e
Save
Sa7v
5972
Sars
Sasa

OATASBZZ. Ay JAY NOFTH. L
OATHS224 . B0 TOHY DOW. 2
DATASVB3S. Lo MASON REESE. 2 .
DATAS@3E.OH THE SERIES THE MUMSTERS WHAT HAS THE MAME OF THE DRAGOH 7. 2006
DATASBRZ7T.AY PUFF.1

DATAS@38.B» SPOT. =

DATASB33,.C> CECIL.2

DATASE49. MHICH LEAD ACTOR MEVER LO-STARRED
DATASG41,A> CLINT EASTWOOD, 1

DATAS@42.B> RONALD REAGAM. 2

DATAS@43.C>» CLIFF ROBERTSON.3

DATAS@A44, WHICH OF THE FOLLOWING WOODY ALLEN
& WHITE 7.,2000

DATASB4S, A> MANHATTAN, 1

OATASA46 . B> BANANAS, 2

DATAS@47.C> ZELIG.2

DATAS@48, WHICH MOVIE DID NOT TRKE PLRCE IN
DATASE49H> TRADTHCG FMLACED, t

DATAS@5@, B> CHU CHU & THE PHILLY FLASH, 2
OATASES1 . C> ROCKY.3

DATASGS2, WHICH OF THE FOLLOWING WAS NOT A DIRTY HARRY MOVIE 7, 3069
DATASES3, A> SUDDEN IMPACT. 1

DATASES4, B> MAGNUM FORCE.2

DATAS@55,C> TIGHTROPE, 2

DATASGSS. WHAT WAS THE FIRST JAMES BOND MOVIE 7. 3000

DATASAST, A> THUNDERBALL. 1

DATAS@SS, B> GOLDF IMGER . 2

DATAS®S5S.C>» DR. NO,3 ]
DATHSGES, WHICH KING ARTHUR MOVIE DID NOT FEATURE A MAGICIAN NAMED MERLIN 7

WITH A LIVE APE 7, 2006

MOVIES WAS MOT FILMED IM |

PHILARDELFHIA 7., 2088 <

DATASBE1 . Ay EXCRLIBUR, 1

DATASBSZ, B> MONTY PYTHOM & THE HOLY GRAIL,Z2 '
DATASBS3.C) THE SWORD AND THE STOME. 3
DATASGOE4 . WHAT MOTEL WAS FEATURED IN ALFRED
DATAS@ES. A) BATES MOTEL.1

DATAS@ES, B3 ROACH MOTEL. 2

DATHS#G7. 0> MOTEL CALIFORMIA. 3
CATASBES . MHICH OF THE FOLLOMIMG WAS NOT A CHARAC-TER FORTRAYED EBY ROBERT
7 IEHE ]
DATASBEI. A JAKE LAMOTTA. L

DATASE?A. B> FUPERT PUPKIM, 2

DATASO71.Cr SOMNY CORLEGHE.

DATASE7Z, WHAT FRATERMITY DI0 JOHH BELUSHI BELONG TO IM AMIMAL HOUSE », 30ed
DATASE73.A> PHI OMEGHA, 1 d
DATASB74.B> ZBT.2

DATASA7S.Co DELTA HOUSE, 2

DATASA?E, WHO WOM AM OSCAR FOR THE YEAR OF LIYIHG DANGERDUSLY 7. 3000
CATASOTT.A» MEL GIBSON.1

DATASO7S. B> SIGOURNEY WERVER,Z

DRTASO7TY.C> LIMDA HUNT.Z

DATASBEG, WHAT CITY HAD THE 1ST PRO BASEEBALL TEAM THE AMERICAN RED STOCKING

HITCHOOCK S FSYCHD 7. 1504

+ 2089

Sesl
SeE2
50883
Sesq
5685
5885
Ses?
583

DATASO21.A» CHICAGO. 1

DATASBSZ, B> CIMCINMATI.Z

DATASBE3, C» BOSTON. 2

DATASES4, WHAT DID THE ¥ IH ¥ A TITTLE STAND FOR 7. 1500
DATASBBS. A YELBERTOM. 1

DATASEEE, B> YORKTOWM, 2

DATASRS7.C> YELLOW,3

DATASS3S. MHAT TWO TEAMS FLAYED THE FIRST INTER- COLLEGIATE FOOTBALL GAME.

» 2008

S029
5056
5631
589z
5993
Se94
58935
Sa3s
e

Sa97
558
599

138

DATASBB9. A> FRANKLIN AND MARSHALL. 1

DATAS299. B> HARVARD AND MCGILL. 2

DATAS@I1.CH HARVARD AND FRINCETOM. 3

DATASE22. ANAHEIM STADIUM IS NHOT THE HOME STADIUM FOR WHICH TEAM 7.3000
DATAS@23. A} CALIFORMIA ANGELS.1

DATAS@94. B> LA RAMS, 2

DATAS@95, C» LA RAIDERS. 3

DATAS®96, WHO WERE BOB AND CAROL TED AND DALLAS INSFORTS IN THE LATE €8S 7a

DATAS@S7.A» TEMMIS MIXED DOUBLES.1
DATASOS3. B> BOSTON BRUINS DEFEMSEMEN. 2
DATASBSS.C> LEADING SHOW DOGS. 3

S189
F 0L
5141
5182
S1a3
S1@4
5145
5185
5187
S1EE
Eira-
S118
=111
5112
5113
5114
51195
5116
T =
5117
s112
5119
5128
S1z21
2122
s123
S5124
v oz,
S12%
S1zZE
127
Sl2e
3129
5138
512
5132
3133
S134
S1as
513
5137
S1za
o133
S140
Ug 7
5141
D14z
Sl4z
R
F145
Sid4e
S147
Sil4s
T143
F1%a
151
S152
S15=
5154
T155
Si1%eE
Els e ]
=3 b
158
5153
Slea
5161
Slez
S1e3
S164
R 7,
S1gs
Slsg

ORTAS1OG, WHICH OF THE FOLLOMING DID HOT GO TO
CKE ALLEM 7,208

DATAS181.AY TIM MCCARVER, 1

DATAS182, B CURT FLOOD. 2

DATAS182. 00 WMILLIE MOMTAMNEZ. 3

CATAS184, MHICH HEA FRANCHISE WAS ORIGIHALLY THE SYRACUSE HATIOHALS 7. 308@
DATAS1GS. Ay DETROLT PISTONS. 1

DATASLEE, B HEM YORK KNICKS, 2

DATAS1G7.C PHILADELFHIA TEERS. S

DATASIGE, HHO SRID MICE GUYS FIMISH LAST 7. 1506

OATHSLAS. Ly LT DDRGCHER, 1

DATAS119. 8 YINCE LOMERRDI.Z

CATAS111.C) GUY LAFLEUR, S

DATAS112, THE GREEN JACKET IS CONNECTED WITH WHAT GOLFING EVENT 7. 2200

OATAS113.A) BRITISH OFEM. 1

DATAS114. B> MASTERS TOURMAMENT . Z

DATAS11S. 0 US OFEN, 3

DATAS11E. MHICH LOCATION WAS NOT A SITE FOR A

THE FHILLIES IM A TRADE FO

FRAZIER AMD ALI TITLE FIGH

T2ans

DATASL1LY .
ORTAS113 .
DATAS11S.
ORTHZ 124G .
OATAS121.

AY MAMILA. 1

B ZIMEBREME.Z

S HEW YORE CITY.Z
WHAT DOES CHARLIE BROWM-S FATHER DO FOR A LIVING 7. 1500

A» CUT HALIR.1

OATAS122. BY DELIVER MAIL.Z

DATASLZ2Z, C» DELIVER MILK.Z

ODATASLZ4 ., WHAT CHARACTER FROM AMOTHER COMIC STRIF 1S RELATED TO BEETLE BAILE
150

OATARSLES . A LODE OF HT & LOIE. 1

ORATAHS L2, B0 SAD SACK, 2

OATASLZT ., O LOLLY . 2

UDATASLEZS, MHAT COoMIC STRIF FEATURED SHMOOS 7, 1500

DATASLZS . Ar LIL ABHEF. 1

OATAHSLZGE. B POGD. 2

DARATASLE1 .0 BARMEY GOOGLE. 2

OATAHS13Z. THE CHARACTER EO IH DOOHEZEURY bMAS BRZED OH WHOM 7, 30006

OATASLZZ. Ax CARTOOMIST GARRY TRUDERU. 1

UATAS124, Bx SIMGER EOB OYLAM. 2

DATHS13S. 00 YALE QUARTERBACE BRIAN DOMLING. 3

CATASL3:, M MHAT COMIC STRIF WILL YOU FIND A DO HAMED HOTOOG 7, 1566
OATASIZE7 . AY ARCHIE.

DATASLZS. B> DEHHIZ THE MEMACE.Z

OATASIZ2. 0 FRED BRZSETT.S

OATASLSE. M HHAT LONG RUNMING COMIC STRIF MILL
i Rl )

DATAS141. A MUTT AND JEFF. L

DATAS142, 80 THE FLINTSTOMES. 2

DATASD14Z. 0y BLONDLIE, =

DATAS1S4 . MMAT COMIC STRIF LATER BECAME SHUFFY
OATAS145 . A GASZOLIME ALLEY. 1

DATAS14:. B2 BARNEY GOOGLE. 2

DATAZ147,.C> THE TOOMERVILLE TROLLEY.Z
DATAS1I4E, MHAT OLD CARTOON STRIP FEATURED MAGLLIE & JIGGS 7. 3008
DATAS142. A2 THE JIGG IS UF.1

DRTARS1SG. B> MY LIL MAGGIE. 2

DATAS1S1, 0y BRINGING UF FATHER.Z

OATAS1SZ. LHAT WAS CAPTAIH MARVEL "3 NICKHAME 7. 2808

ODRTAS153.A2 THE RED TORFPEDD, 1

DATAS1S4.E> THE BIG RED CHEESE.Z2

OATAS1SS.C) THE RED BEE.3

ODATAS1SE, WHICH SUFER HERO GOT HIS FOMERS OTHER

oL FIMO R LION THMER S L

SMITH 7. 20686

THAH BY NUCLEAR ACCTIDEMTT.

DATASLIST A SPIDERMAN. 1

OATAS158, B> THE INCREDIBLE HULK.Z

OATAS1SS,C) THE FLASH.3

DATAS1SO. WHICH OF THE FOLLOWING IS5 NHOT & BEATLES SOMG 7. 1599
URTAS1GL. Ay SUNNY AFTERNOON, 1

DATAS162. 8> SUM KING,2

DATAS163,C» I°LL FOLLOW THE SUN.Z
DATAS164, WHD SANG THE HIT THEME SONG FROM THE
1508

DATAS16S.A> SHIRLEY BASSEY. 1

DATAS1G66. B> SHEEMA ERASTOM. 2

JAMES BUND MOVIE GOLOF IHGE
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5167
5168
(= 1%]

5162
Sive
S171
5172
5172
S174
5175
S17e
D177
5178
5173
S120
5181
S1g2
5183
5184
S518%
5186

s187,

S5188
51839
5190
5191
5192
5193
5194
5195
5196
S197
5198
5199
5200
5201
Szez
5203
S204
S20%
5206
52087
S5zes
S209
Sz210
S5z11
S212
5213
S5214
S21%5
S5216
5217
s5zZ18
S219
5228
S221
S5z22
5223
S224
5225
S225
Szav
B228
S229
S23a
S231
Sz232
5233
5234
PP
5236
5237
5238
5239
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DATASI1E7.CY> HNANCY SIHATRA, 2

DATAS1E2, PETER NOOMHE WAS THE STAR OF WHICH EMGLISH SIHNGING GROUF 7.15
OATASLES. A HERMAH o HERMLITSZ. L

DATAS170.B82 THE SEARCHERS. 2

DATAS171.C> THE MOODY BLUES. S

DATASL7Z. WHO WROTE THE SOMMHY AHD CHER HIT SOHG THE EEAT GOES OM ¥, 2008

DATAS173. A NEIL DIAMOMD.1

DATASLT4.EB> BOE DYLAN.2

DATAS17S.C> MEIL SEDAKA.Z

DATASLITE . WHAT WAS ELY1S PRESLEY S FIRST HIT
DATASLI?7,A> BLUE SUEDE SHOES. 1

DATAS17E. B> HOUND OUG. =z

DRTAS173.Cx HEARRTBRERAK HOTEL.Z

DATAS1S8. SIMOM & GRARFUNKEL WERE ORIGINALLY CHLLED WHAT HAME
DATAS1S1 . A> TOM & JERRY.1

DATAS182.E> THE TEEMAGERS, 2z

DATAS183.C> THE MURK THIMS. =

OATAS184, ERHEST EVANS S STAGE MAME Is 2. 2300

DATAS18S5.A2 FATS DOMING, 1

DATAS1ISE . By MEATLOAF. 2

DATAS187.C» CHUBBY CHECKER.Z

DATAS18S8, WHAT GROUP DID ERIC BURDON START AFTER LERAYIMG THE AMIMALS 7
DATAS189,A> CREAM, 1

DATAS13@, 8> WAR.2

DATAS191.C> DELANEY & BOMMIE. =

DATAS13Z.WHO HAD A BIG 625 HIT WITH THE SOHNG
DATAS193.Ar THE TEMPTATIONS. 1

DATAS124. B> THE TRAMMPS,2

ODATAS1ZS,C> THE HOLLIES. 2

DATA S19€,WMHICH SONG DOES MHOT MENTION GREYHIUMD
DATAS137.A» BUS STOF BY THE HOLLIES.1

DATASI9€,.E> RAMBLIN MAM BY THE RLLMAN BROS,Z
DATAS199,C> AMERICA BY SIMON & GARFUMKEL. 3
DATASZ0@, WHERE IS THE THE BERMNESE OBERLAND 7. 1569
DATASZ201.A> SWITZERLAND. 1

DATASZ0Z. B> GERMAMNY .2

DATAS203.C> KENYAR.3

OATASZ204, WHAT IS THE CAFITAL OF LUXEMBOURG
DATASZ28S, A» LUKEMBOURG CITY.1

DATASz2eE,.B) YADUZ. 2

ORTAS2B7.Co THE HAGUE. =

DATASZ8E, WHICH IS MOT A CARRIBEAN ISLAND 7. 2080
DATAS289.A> ST MARTIN. 1

DATAS218.B> GUAM.2

DATASZ11.C> ARUBA.3

DATASZ212, THE ORIENT EXPRESS ORIGIMATES IM
DATAS21Z.,A> PEKING. 1

DATAS214,B8) LOMDON, 2

DATASZ1S5.C>» PARIS,3

DATASZ16, ICELAND BELONGS TO WHAT COUNTRY 7.3Z900
ORTAS217.A» GREEHLAND. 1

DRATASZ218.8> CAMNADA. 2

DATASZ13,C> DEMMARK.Z

DATAS220. SCHIPHOL AIRPORT SERYESD WHICH CITY 7, 2088
DATRS221. A JOHANMHESBURG. 1

DATAS222,E> NICE, 2

DATAS2Z3.C» AMSTERDAM, 2

DATASZ24, WHICH CANADIAN FROYIMCE IS THE FRRTHEST
DATASZ2S.A> BRITISH COLUMEIA. 1
DATAS22%. 8> ALBERTH. Z
DATAS227.Cx YUKOM. 2

DRATAS22S, WHERE IS GRANT S TOME
DATASZ2F.A> OHLIO. 1

DATASZ328, B> NEW YORK. 2
OATASZ231.C) WASHINGTON DC.3
DATASZ232. WHAT IS THE SECOMD LARGEST CITY IN
DATASZ33.A> LYON. 1

DATASZ34.B> STRASBOURG. Z

LA HDe 5000 PRk LLlE s o

DATAS236, WHICH OF THE FOLLOMWING 13 HOT n CAPITAL
DATASZ37.A> BUDRFEST. 1

DATAS238.B» BELGRADE. 2

DATAS239.C» MUNICH. 3

a5 . ]

o 158

BERMADETTE 7., 1562

BUSES 7.1590

L1588

WHAT CITY 7, 3080

WEST 7. =084

L, 2008

FRAHCE =.15a8

|
|
|
i

Experiment 7.1

5 FRIMNT"SCREEM COLOR SELECTIOM®

INPUT"SELECTY BORDER COLOR BY MUMBER Cl-1g2".C
COLOR 4.C

FOR ¥1=1 TO 1<

COLOR &, %1

FOR ¥z=1 Td 1€

IF ®1=M2 THEMMZ=X2+1:IF #2166 THEM MZ=1
COLORS, H2

PRIMT"I"

FRINTYHOW DOES THIS LOOk?"

IHFUT™ YU WANT TO KEEP THIS COLOR COMEIMATION" K$
IF k%= OF EF="YES" THEM EHD

FRINT""

IF HZ2=1 THEM BEGIM

IF ®1 =ils THEH BEGIM:FRINT"LAST BACKGROUND COLOR AVYAILABLE"
IHFUT DO YO WISH TO START AGRIMY; C#:BEMD:GOTA145

IHFUT "0 50U WMAMT TO SKIF T2 THE MHEXT BACKGROUMD COLOR":C#
145 BEMND

150 IF CHF="Y" OR CF="YES"
168 HESRT =2

178 HERT K1

150 GAOTO 1A

THEH CH="" GOT017a

a_eriment 7.1/4

S PRIMTSCREEM COLOR SELECTIONY
i@ IMPUTYSELECT EBORRER COLORE BY MUMEER C1-162":0C

THEM ®W2=1

FREIMTYHOW DOES THILS LI
3 IMPLUTY00 YOO WEMT TO K
IF k&= B =
FRIMT"Y

IF #&=1 THE®M ti

IE =1 =16 THEHW FRINT"LAST
EOTO 156

IHEUTYHARMT TO SKIF TO A HEW BACKGROUMDN oL TF
CE="y" O CE="YES" THEM 150TO17E

EF THIS

A COLOR COMBIMHATION" JKE
THEM EHI

EFICEGFEIND COLOR AVAILABLE"™

14



Experiment 7.2b
G OO P S S

19 COLORE. 3

28 GRAPHICL .1
I COLORL . 200l
48 F

IEBeSass [H T#a /1m0
Y=10@+50*COS(J*x,180)
ORAL

Experiment 7.2¢
T — ———

19 CoLdkd, 1%
2 GRAFHTCL. 1

3@ COLORIL T CuLoRd 1T
4R FOR w=0 T 313

S Y= LEEEeE I
TE DAL LY

@ HEHT =

Fa EHD

Experiment 8.1a

COLORS, 5 CoL0RS 3
GEAPHIEL 1
HIDTH &

B el
OR weR TO 28 STERTA
—¢Fy
A=l B=Y C=R+20: D=B+ 18
FOR HH=1TO1E
B = PN =

OLDRL .1

=i
IF F<@2 THEM H=1&:ELITE =218
MEXT ¥

BOX 1.8,3,3219.,193

GETHEY ZF: GRAPHICH

Experiment 8.1b
N Nk —

_E_xparimeni 8.2a
e TR

1 GEAFHICZ. 10021 =12
1% COLORE. 1

g COLORES .1
COLDeEL oL

3 M=18: Y=20
5 CIRCLEL. #,%
40 FOR A=G TO1r
45 CIRCLEL . X. v,
a1 Y=Y
=i HMEXT A

S FOR A=1% TO 5@ TEF13S

7R CTHCLEL 5. YWl H
S +5: Y=Y+5

MHERT A
23 FOR A=eaTo3d STEP 15
a5 CIFCLEL Wol2,26, ., 0H
168 H=HED Py e ?
105 HEXT A

118 DODUHTIL Y
1za CI El YW l2.28. . 968

138 W= Y=Y+1a

148 LooE

1568 IF Ci=1 THEH GRAPHIC @ EMD
168 T1=1:GOTOZS

Experiment 8.2b

GRAPHICS. 1
=00 T=106

SO CIRCLE W, S0, 184,
68 PAIHT W, 28, 180
S=g-v T=T-¥

TH NEH

B GETHEYAE : GRAFHICS

Experiment 8.3 {0, b&c)

18 COLOR®, 15; COLOR4, 1

15 GRAPHIC4, 1

16 FORY=60 TO @ STEP -4

20 CIRCLEZ2, 75,99, K. H....2
22 NEXT X

25 FOR Y= 2 to 6@ STEP 4

30 CIRCLE, 75,98, K: Kisis2
42 NEXT X

5Q FOR¥=68 to 8 STEP -4

60 CIRCLED, 75,90, ¥, ¥.\..2
78 NEXT ¥

82 FOR 4= @ To 60 STEP 4

3@ CIRCLEZ, 75,990 Ks Ko 4o /2
109 NEXT ¥

}m FORX=68 to @ STEP -4

28 CIRCLE®, 75,98, X, Ri»s:2

143



130 NEXT X

148 FOR X= @ to 6@ STEP 4

158 CIRCLEL, 75,98, X, ¥.,,.,2
168 NEXT X

17@ FORK=62 to @ STEP -4

188 CIRCLE®, 75,20, ¥, ¥.s4,2
19@ NEXT ¥

200 FUR K= @ to 6@ STEP 4

21 CIRCLER, 75,92, ¥s Huss02
220 NEXT ¥

Additional line for correct shape:
Answer A:

18Z2=20

Answer B:

1BZ=90

Answer for C

18Z = 27.69

Experiment 8.3d
e e ]

COLORL . 10Ol 2 COoL0Res, 2
GRAPHIC1L ., 1

HMEXT A1
GETEEYASF - GRAFH TS

0~ T ) & i
2080

Experiment 8.4a
L ]

16 CoLoRD, 2

=8 GRAFHLCL .1

38 OO .1

48 REM####%EB0SES IH DIFFERENT FLACES

S s STEFR 39
=] TEHEDZ STEF 15
=) B e R et

o8 HERTE. T
S8 PATHTL. 1.1
1@ GETHEY A GRAFPHIC @

Experiment 8.4b
. SE
18 GRAFHICCLE : GRAFHICZ, 1

26 CoLoRa, 1

8 COLOR4 .t

48 COLOR1 LS

45 TO led STEF
1] TR 196 STEF
(=) LA e IR v |
a5

VB ODRAWL, 155, 170155, 188

S8 FOR w=1 TO tae@ STEF 48
25 FOR Y=1 T2 188 STEF @
SE PATHTL, H+1, P+

LBl HESRT Y.=.

185 FOR ==260 TO 148 STEF 4@

144

£

‘Experimem 8.4c
o 577 P

S COLORS, 1 COL0Ra . L
GREAFHICS 1
SLEEFL
FEM$$$E$$FEAST0 HOLISE $3dasspg$
5 8,90 120
SEATOES, 2l Ty S PR EIMT A,
FHHOUSE STOESHEEEERFES

DFAMZ, 25, 0aTO 25, 78
=

DFEERZ, S8, 2aT050 . 94
DIFAR S S0, 183
DIRALE - S » S
DFAEES - 2

REM##$#§$HDUSE W IHDOWS S e s 665 b
SLEEPL

3ORINME, 55,98, VAL 166, 1

B0

A DFANE. 52
DR, S5, 12 TO D, 182
DFAWE, L= B B

ClEZETORE, 182

RAREE R 2 22 25 EnRiNEE S L RS2 2 B LR 2T
B ) E 185, 3. 128 - FATHTZ, 23,114
DREAWZ, 36,112

FEMESSS# ¢ 0ORE HMIHDOWS S xS R
B0 95,245,

DREAMZ, 44, 35T 044, 1133

DEFAMZ, 41, 2547047, 99
REMSEFEEESERRD0F [HGEEERSRFE SR
TLEEFL

[ [y
ORAWZ ., 42
DRAWZ , 44, 72aTO
DREAMZ . 47, 24 Toes
SLEEFL - COLORY L&
FEM##EE 4 ¥ HOR L
DFEARML . Le@, LEmTOs
FRIMTL. 110, 1 16, 1 - REM PRINT GRASH
COLORS, 7 COLORA . 7 S EEPL

CIRCLE SE L, TR, 1a, 18

FRINTZ, 96, 50

CIRCLEZ, 7S, 21, 15, 15  FRAIMTZ. 75
295,39 18 18 PRINTZ,
1<49, i4E
= 1S 250 L2 12 PRINT S, 115,

ZES CIRCLEL 20, 16,5, 5 FATHTL, 19,11
1200 GETKEYAS : GRAPHICCLR : END

I 1

FRINTZ . 468, 1668, ]

AL FRTOS90, S4TO9E, 185 FAINTE. 85, 80, 1 PAINTZ. 65, 115%. 1

SLEATOLER, (SETOLED, 100
« Line with answer

145



UNIT:9

Experiment 9.1

18 GRAFHICZ. 1

2B C1=THTORMDNG L i#3+1 0

8 C2=IHTORNOC I #5+1 0 IF 2
48 CE=IMTOERMD I #3410 IfF CF
COLDRT - 21 COLORE . 05 GOl 0
M=l

(1 THEHN G070
2 QR C3=sC01 THEM GOTO 44
CZ-COLORS, 1-COLGRE, L

i Ml=4- Yl=2
BOHL i v S Y45 el =
FOR A=1 TD 9@ STEF

BORZ. WL H4AA5, P45 Hl =L
B3 e S, Y =N E
[ZU0SS IR PR T PR ShsTYL
HEXT A

Y=Y+

FOR A=20 TO @ STEF

BUAZ o S d S, Wed5 - =Y+
BORZ. L P mrd5, YedS St
B R S W45 el =YL

HEXT H
FOR [O=1 TOi@0d:HEXT O
GREAFHIC CLR: GOTO LA

Experimenfu9.20

18 GRAFHICY, 1

=5} 2L 45,45, (ZE.54/0

= 1, 30, 45, 45, (45470

TE

26 » 28,50, 58:FEM SAVE RING SHAFE
=T}

taa

116

115

126

138 A%, S

143 FOR DE=1TOZ9E:HEXT DE:REMODELAY LIOOE
198 GSHAPE A$.E2, 20,4

168 GEHAPE A$.22.20.4

Experiment 9.2b

ITION OF Wi
TER FOSITION OF
THAM 28 LETT

TR SSHAFERT ., (¥
28 IMPLIT" IHEL

B IMFUT" IMFUT ¥ PIXEL P
16l GSHAFE AF, »1.Y1

hE =T =R
D" e
TIOM" %Y1

146

OLORE, &+ Line with answer

_E;erimeni 9.3
T - S S
ci12s8

19 COLORa, 1
> oLk LT

.1

FOR 1=80T0248 STEF14
CIRCLEL, [, 168, PS5, 7%
MEXT

SCALEL . 40, 300
COLGRL, 3

S FOR I=1608T020e STEFa
169 CIRCLEL, T,1598, 75, 75
118 HERT

1280 SLEERZ:GREAFHIC &

UNIT:10

Experiment 10.1a

FEM RIGHT AMMSHER

CUHDE . 1825, 1

e

M C

& MEXT L

4999 REM WRONG ANSWER

4618 S0UNDL, 50, 60

4828 SOUNDS. 1919, 68

HIEG FOR =1 TO 1096 MEXT J

Experiment 10,2
1a yoLy
29 READ M, v REM BET VALUES FOR NOTE

147



28 IF ¥=9 THEM EHO
48 SOUNDL, H. Y REM FLAY HOTE

S@ SOUNDL. 1020, 2:REM CREATE GAP Experiment 10.5
60 GOTO 28:REM NEXT NOTE L ——
189 DATA §73,5.954,5, 534, 5. 83 G225, 534, 19, =, 739,

118 DRATA 77RL 5,798, 5,770,
128 DATA 872, 18,273, 18, .
138 DATH S73,18.954, 16,254, 18
143 DATA S324.5.58%4. 5.,
158 DATA 7r8.5.798,5, ]
168 DATA 873.5.897, 18, :
179 DATA 872, 19.9%94, 10,834, 19, 19249, 1A

128 DATA 373,585V, 168 872,95, 297, 18,8537, 14

198 DATA S72.5.997, 16,573,5, 897,20

208 DATA 851,5,911,180.821.5.911.,18,911, 18

219 DRTA 891.,5.211.11,5281,5.911,18,911.5,59232.5

228 DATA 929,189,929, 19, 897, 18, 297, 1@

238 DATA 273,109,872, 108,954, 19,234, 5,854, 5

249 DATA S72.5,897,10,911,.5,89?, 5,873, 5, 234.5,854.5
298 DATA 872.18,354,16.924,19.8.6

EHVELOPES, &
TEMPOD 1S
FLAY 1T

o CHE V1T
#F

SLTE 04 GiGH y
COHFOTE

G #F
E
S1TE Ol HOD

Experiment 10.3

19 COLORS. 5:COLOR4. 2 :REM COLOR BRCKGROUND, BEQORDER

= s : UNIT:11

4@ FOR ¥=1 TO 2i:PEM CREATE BORDER

S0 PRIMT"#% -

SE MNEXT X Experiment 11.2

3 PRIMNT #%% "

28 PRINT"aFRESS ANY KEY FOR HERT SGUND

ai WIMDOWR, 3,38, 21 5 REM##### SET COLORS AMD GRAPHIC MODE #wkes
1gE oL 7 18 COLORG., T

118 W=INTCRMOCO %20 +1 : REM VOICE 28 CoLORS ., 7 COLORL. T

123 F=IHTIRMD@>#ES5250+1 REM FRED

138 [ =INTCRMOCE) #3277 i+1 : REM DUR

140 OR=IMTCRHO @ %35 -REM DIR

178 M=INTIRHOCA®ST5350+1 :REM MINH

168 S=IMTCRMDCGIEZTEF 2+ 1 :REM STEF

178 H=IHTCRHDCE>%30+1 REM WAYEFORM

138 P=INT{RHOCD) #4035 0+1 RER FULSE W

123 C=IHTCRHDCEI®163+1 :REM CURSGR COLOR
268 IF C=5 THEHW 133:REM REJECT BRCEGROUND COLOR FOR CLRSOR
218 COLORS.C

228 FPRIMTVIF:OJDR:M S WP -FRINT : PRINT

ZZ@ SOUHD Yo F.DLDR. M. 5. 00 FREM MRKE S0UMD
240 GETKEY A% REM WALIT FOR USER

258 SOUHDY . @ 8L DR 8.8, WL P REM STOF SOUND
286 3070 118 REM HEXT S0OUND

OREAW FISH TAM
DRALL. 8, 144T02

BOTTOM ks
=8, 147

HOCE 2 Y= 134G+ RMOCE #3200
C1EHRND G

FOBERIDGE &Y ORAMING THO CIRCLES #fsss

Experiment 10.4

4:FRINTL,:
g

FRIMTL,
F THME

a
4

18 TEMFO
&8 FOR

1 70 =2
IA 04 SOHFED 02 IEB AA Q04 oD IEE #F#F
#FED 02 IBR 04 SDHFED 02 IE B A A O4 00 S08%C0 02 AB 04 0D 02 AG
o4 #F CE#C 1D
8 HEHXT X:REM REFEAT FIRST HALF
1TOo =2
M GHGHFAGHEEGHFED#RFE#C 03 [A"

= HFEG AGHFAGHFEG #FED#HFE#RC 03 1A

- I B 04 O 0 AGHF 04 DE#C ID

118 MEXT Y:REM REPERT SECOND HALF

0o
=

148
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- DEAWG, 1373
CIRCLE!:

=ETo0EE1, 1
= L N

CIRCLEL, 117,
TR i E e i
FrE e # FHIHI THE THHE £A

FRIMTL, 161, 128
FRIMTL. 1E5, 25 EHINTL . 16
FEIMTL, 101 PE:PATHMTL, t5a, 3
FRIMTL. 194, Pa:-PRINTL, 194,
FRIMTL, 174,539 FALHTL, 1393,
FAIMTL ., 153,147

j

[

FRIMTL. 192,95 FHEIMNT L. 99 S92 PRIMT L, 116,

SHPFALINTL, 121,59

118 ORAKL . 58, 144TOsS, 25

4EE PAIMTL. 188, 47 FAINTL, 129, 47

418 FRINTL, 118,47 PRINTYL . 174,47

428 PAIMTL. 187,47 FRIMTL, 196, 47

4530 COLOR1. 19

A4 REM#Eekd DREAR SEAMEED fkexs

445 WIDTH 2

453 DRAML . S, 1447835, 198 - DRANL . 59, 144 TOSS
455 WIDTH 1

A FEMsk%EE SET COLOR FOR THE SPRITE sk

n
5

COLDORL . 15
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APPENDIX

GLOSSARY OF COMPUTER TERMS

A
address

algorithm

arithmetic operator

BASIC

binary

bit

bubble sort

bug

C
cassette tape
chained

channel

code
command

concatenation

condition

a number or name for a memory location
a series of steps which solve a problem

a symbol used to represent an arithmetic

function; for example, -+,-

an arrangement of data in the computer's
memory

code that translates computer symbols into
letters, numbers and other characters. Short for
American Standard Code for Information
Interchange

a common programming language; short for
Beginner's All-purpose Symbolic Instruction

Code

a numbering system where all digits are 0 or 1;
also called Base 2

the smallest piece of information a computer can
understand; short for Binary Digit

a method of arranging a list; usually used for
short lists

a programming  error

a magnetic tape used to store computer data
linked together one after another; also called
daisy-chained

a connection between your computer and other
hardware

instructions for a computer

an instruction for a computer to execute

joining strings of characters to form a longer
string

an expression that is evaluated as true or false
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coordinate

corrupted
counter

crash
cursor

(0]
data

debug
decrement
dedicated
disk

diskette

display

driver program

E
edit
equation

equivalent
execute
expression

F

file

file name
flow chart

format

function

G
generate
GIGO

graphics
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the exact location of a pixel or other graphic
element; defined as a single point at the
intersection of a row and column on the screen

damaged and unusable (refers to a disk)

a variable which keeps track of the number of
times an event has occurred in a program

program failure

the flashing square or underline character that
indicates where the next character you type will
appear

information entered into a computer
to remove errors from a program

to decrease

set aside for a specific task

a flat plastic sheet with a magnetic surface, used
to store computer data

floppy (flexible) disk

1) to print on the screen of a monitor or TV
2) any characters printed on the screen of a
monitor or TV; the screen itself

a short program demonstrating a subroutine's
purpose

to make changes to a program

an arithmetic statement consisting of two values
defined as equal by the equal sign (=

two values that can be considered equal
to carry out a command or program

a combination of values, variables, and
operators

information stored on disk or cassette
a label for a file chosen by the user

a diagram showing the purpose and steps of a
program

1) to prepare a disk for use
2) to arrange output

an operation, indicated by a keyword,
performed on a number or string

to produce results

Garbage In Garbage Out;

incorrect data produces useless results
designs and pictures created by the computer
and displayed on a screen

H
high-resolution

|
increment

initialize

input

invert

J
jiffy

K
keyword

L
language

logical operator

loop
empty loop

infinite loop

nested loop

M

memory
microprocessor

mode

multicolor

N
null string

O
output
overwrite

p

parameter

mode

peripheral device

graphics mode that allows precise control in
drawing

to increase
to set the starting value of a variable

information entered into a computer for
processing

to reverse in position; usually a mathematical
relationship

a 60th of a second

a BASIC command word

a set of words and rules for the computer to
follow in creating programs

a word that links two parts of a conditional
statement; for example, AND, OR

a set of instructions executed repeatedly

a loop which serves to delay a program's
execution

a loop that continues until the user stops the
program; also called an endless loop

a loop executed within another loop

the part of the computer that stores data

the part of the computer that controls the
operations

a state of operation; each mode has unique
characteristics, for instance text and graphic
mode are examples of screen output modes
using colors in addition to foreground and
backgrounds colors on the monitor

a value for a variable with no characters; also
called empty string

results created by a computer

to replace a value in memory or storage with a
new value

value or values following a keyword which
affect the command's execution; pre-set
parameters are called defaults

computer attachments used for input/output; for
example, disk drives, printers, joysticks
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permutation

pixel

pointer

process
program

Q
quicksort

R
RAM

random number

recursive

resolution

return address

ROM

routine

rules or precedence

S
sequence

sprite
statement
string
subroutine

subscripts

syntax

T

terminator

text
trace

truncate
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rearrangement of a set of characters; for \Y
example, abc, bea, and cab variable
a single point on the display screen; short for

picture element Y

a computer's internal method of keeping track of window

the next command to be executed
to execute commands

a series of instructions that perform a specific
task

a method of arranging a list; usually applied to
long lists

the part of the memory a user can change; short
for Random Access Memory

a mathematical value produced by chance

a series of procedures; each step based on the
results of the previous step

sharpness of detail on the monitor screen, can
be high or low depending on the number of
pixels

the line number to which program control is
returned following a subroutine's completion
the permanent memory in a computer; short for
Read Only Memory

a set of computer instructions

rules determining the order for carrying out
arithmetic operations

a series of events occurring one after another
programmable, movable graphic elements

a program line

set of letters, or letters and numbers, used as the
value for a variable

a set of program lines that perform a task
independent from the rest of the program
elements that identify a particular value in an
array

the correct form for BASIC commands and
statements

the ending value of a loop variable; when the
terminator is reached, the loop is completed

output consisting of letters and numbers

a debugging tool which imitates the computer by‘
testing program lines one by one

to cut off; for example, the INT function truncates
decimal places and returns only whole numbers ‘

a label for a memory

location

in the computer

part of the screen identified as a work area
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Arcs

Arrays

Aspect ratio

BEGIN/BEND

BIOAD

BOX

BSAVE

CHAR

CIRCLE

Clearing the graphic
area

Clearing the screen

COLLISION

COLOR

Color
Color sources
High-resolution
Multicolor ~ mode

Coordinates
Character
High-resolution
Multicolor
Relative
Screen

Data Input

Debugging

Delays

Disabling RUN/STOP

DO/IOOP

DO UNTIl

DO WHIIE

Dot plotting

DRAW

DRAW TO

Drawing
Circles
lines
Points
Rectangles
Shapes

69

21,23

68
1,7-8,45,50,51
105

64-66

105

76-77
64,67-70

54,74

107

107

2, 45, 47, 55, 74

55
56
56

76

54

54

111-113
54,58-60,67,71,
76,80

39-44
19-26,29,33
2,561,52

26

1,3,45

3

3

58-59

58-61

59-61

67-70

59-61

58
59-61,64-66
69-70,111-113

Duration  (sound)
Editing
El
Ellipses
ELSE
Empty loops
ENVEIOPE
ER
ERR$
Error tracing
Error trapping
Errors
logic
Syntax
ESCape key
C128 functions
Plus/4 functions
FilTER

Floating point decimal

Formatting output

Frequency

Function keys

GETKEY

Glossary

GRAPHIC

GRAPHICCIR

Graphic commands

Graphic modes

GSHAPE

HEIP

HELP key

High-resolution
graphics

Jiffy

KEY

Keyboard data input

IOCATE

logic errors

loops
Delays
DO/IOOP
FOR/NEXT
IF/THEN:EISE
Nested

Menus

MOVSPR

Multicolor  graphic
mode

Multicolor  sprites

Music
C128 commands
Plus/4 commands
Theory

Musical notes

Musical symbols

Noise

84-89,90-92,94
29-32

25

67-69
1,4-8,50
2,84
92-96

25

25
20-23,25
25-26,113

21,23
20,25

30-32

30-31

96-98

36

11-16
90-92,96-97
42-43,46-47,58
40-42,45,50
155-159

53, 54-55, 74
54
53-81,101,102
54

77-79

19,20

20

54,56,58,74
84,86,88,90
42-43,45,46-47,
54

39-44

60,65,68

21,23

2

3

2

4-8,50
23

46
106-107

54, 56, 74, 77
102-103, 105

92-99
86-87
88-89
87-88
88
84
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Null string
PAINT
Pitch

Pixel cursor
Pixels

PLAY
Musical notes
Synthesizer
parameters

Polar displacement

PRINTUSING

PUDEF

Rectangles

Redefining characters
(PUDEF)

Redefining function

keys

Relative Coordinates

RESUME

SCALE

Scientific notation

Screen editing

Screen windows

Scrolling

SLEEP

SOUND

Sound effects
C128effects
Plus/4 effects

Sound registers

Split-screen graphics

SPRITE
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40

64, 71

84-92

106

54, 58-60, 68, 71,
74,76,78, 102

92,94-95

94-86

111
11-16,45,50,52
11,16
59-61,64-66

11, 16

42-43,46-47,54
106,111-113
19,25-26

80-81

14

29-37

29, 30, 33-37
33,86

2,45,51
84-87,90-91

90-91

85

84-89

54, 74

102, 105-107

Sprites
Collision routines
Design
Editor
Movement
Multicolor
Saving sprites
Sprite editor

SPRDEF
SPRSAV
SSHAPE

Strings
CHAR strings
Text strings
Sweep
Synchronizing voices
Syntax error
Synthesizer parameters
TEMPO
Text strings
TRAP
Tracing
TROFF
TRON
Turtle graphics
Voices

VOI
Waveform
WINDOW
Windows

107-108
101-103
102-103,105-106
106-107
102-103, 105
105
101,102-103,
105-106
101,102,105
101,102,105
77-79,101,102,
105

76

15,50

90-91

99

20,25

94-96

94

15,50

19, 25-26
20-23
19,20-23
19,20-23
111-113
84-85,90-91,
95,99
84-87,90-91
90-91,93,96
34-37
29,30,33-37
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