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PREFACE 

Anyonc planning to teach a BAS IC programming 
course using Commodore 64 TM , VIC 20n

" personal com­
puters is faced wit h the prob lem of se lecting an 
appropriate text. Programming manuals provided by 
the manufacturer are ge nerally intended fo r refe rence 
ra ther than for leac hing purposes. S tandard text books 
on BAS IC programming will desc ribe a BAS IC 
language that va ries enough fro m Commodore 64/ 
VIC 20 BAS IC to lead to consid era ble frust ration on 
the part of the student. In addition. such texts will be 
of no help in lea rning to usc the graphics capability of 
thc Com mod o re 64/ VIC 20 . Thi s is un fo rtu na te. since 
Ill ost interesting programs on the Commodo re 64/ 
V IC 20 involve graphics. 

This book is designed to be used as a tex t for 
learning to program in BAS IC using a Commodore 
64 / VIC 20. It is suitablc for int roducto ry program­
mi ng co urses at the hi gh schoo l. junio r co llege. and 
uni ve rsity leve ls. It can also be used [or se lf-s LUd y with 
a Commodo re 64/ VIC 20 compu ter. 

Compa nion texts entitled Apple BASIC, TRS-80 
Extended Color BASIC, Arari BASIC, PET/ CBM 
BA S IC, TI BASIC, and IBM PC BA S IC Program­
ming are also available for use wi th these computers. 

The strategy of this book is "Iearn ing by doing." 
The stud ent is led step by step through all aspect s of 
BAS IC program ming on a Commodore 64/ VIC 20 . 

A ll examples are illu strated with actual photographs 
of a Co mm odore 64 / VIC 20 screen. Ma ny of the 
funda menta l programmi ng ideas a re develo ped using 
exa mp les in volving grap hics. Th is has the advantage 
of providing a di rect visual picture of what the 
program is doing. In add iti on it provid es examples 
that will be usefu l to anyo ne wi shing to write 
Commodo re 64 / VIC 20 programs for specific appli­
cation s. 

Chapter I introduces the Commodore 64/ VIC 20 
keyboard a nd thc drawi ng of simp le graph ic figures. 
Gelling the Com modore 64 / VIC 20 to draw figu res by 
lI sing the PR INT statement with string va riables is 
accompl ished in Chapter 2. Chapter 3 discusses the 
general na turc of BAS IC programs a nd the operation 
of the cassCllc tape recorder a nd Ooppy di sk d rive. 

Chapter 4 cove rs numerical variables, arithmetic 
ex press io ns. Co mm odore 64/ VIC 20 bui lt-in func­
tions. and morc graph ics. The INPUT statement is 
cove red in Cha pter 5, with examples including the 
drawing of custo m checkerboard patterns. Chapte r 6 
introduces the I F ... TH EN stateme nt and relationa l 
and logical operawrs. Thecheckerboard patterns now 
become ra nd om. 

The im porta nt wpic of loops is introduced in 
Chapter 7 and co nt inued in Cha pter 8, where the 
America n fla g is di splayed o n the sc reen. T he use of 
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subrout ines is covered in Chapter9 , where the stud ent 
lea rns to produce his or her name in three-dimensional 
letters on the screen. 

The RE A D ... DATA sta tement is introduced in 
Chapter 10. where the d rawing of ba r gra phs is 
covered. Cha pter II desc ribes the GET statement and 
uses it to draw pictures interactively on the screen and 
to move a fig hter plane around thc scree n and fire the 
pla ne's phasers. 

A rrays a nd the ON ... GOSU B sta tement a re dis­
cussed in Chapter 12. String funcli onsa re described in 
deta il in C ha pte r 13, with exa mples give n fo r dea ling a 
ha nd of ca rd s. Chapter 14 desc ribes the use of the 

P EE K a nd POK E sta tements a nd incl udes mo re 
grap hics, the usc of lower-case letters, and the 
prod ucti o n of sound . C hapter 15 desc ribes the 
deve lopment of two co mp letc progra ms: the hangman 
wo rd ga me, a nd a Com modore 64/ VI C 20 o rga n that 
plays three octaves of mus ical notes. 

Student s who co mplete th is text will ga in a solid 
fou nda tion in funda mental programm ing tcchniques 
and wi ll acqu ire the part ic ular sk ill of bcing able to 

progra m the Commodo re 64 / V I C 20 co mputers using 
BAS IC. S pec ia l tha nks go to S ha ro n Rix, wh o typed 
the manusc ript with ski ll . patience. and good hum or. 



LEARNING 
COMMODORE 64 

There is only one way to learn how to program a 
computer: you must write programs and run them o n 
the comp uter. It is not possible to learn to program by 
reading about it. Programming is an action activi ty_ 
You must do it. Th is book is designed to help yo u lea rn 
how to program in the BAS IC programming language 
while usi ng a Commodore 64 or VIC 20 computer. 

The VIC 20 and Commodore 64 computers a re two 
of several popular perso nal comp uters (some others 
arc the App le II , the TRS-80, and the Atar i) th at arc 
finding their way into an increasing number of homes 
and schoo ls. All of these perso nal computers wi ll run 
programs written in the BASIC programming lan­
guage. However, the BAS IC programming language is 
implemented so mewhat d ifferently on each of these 
computers, particularly with respect to graphics 
programming. This mea ns that a BASIC program 
written for an Apple I I computer will not, in general, 
run on a Commodo re 64 or VIC 20 without so me 
modification. (Fortunately, the Commodo re 64 and 
VIC 20 are rather similar and fewer modifications are 
required to convert programs back and forth). If you 
are learning BASIC for the first time , it wi ll be easier 
for yo u if yo u use a book written specifica lly for the 
kind of computer you are using. In this way you wi ll 
not become frustra ted by all of the little "exceptions" 
that apply only to your computer. 

SE THE 
20 KEYBOARD 

Th is book assumes that you have a Co mmodore 64 
or VIC 20 computer avai lable for your use. These two 
computers are shown in Figure 1.1. Almost all of the 

Figure 1.1 (0) VIC 20. 

(b) Commodore 64. 
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programs described in this book can be run on either 
computer. In this chapter yo u wi ll become familiar 
with the use of the Commodore 64/ VIC 20 keyboard. 
In particular you will lea rn the meaning of the special 
keys shown in Figure 1.2, and you will learn how to 
draw simple graphic figures in various colors. 

Figure 1.2 Special keys discussed in this chapter. 

Begin by turning on your Co mmodore 64/ VIC 20. 
This is done with the switch on the right side of thc 
computer (see Figure 1.3). After a few seconds of 
warm-up the sc ree n should look either like Figure l.4a 
or l.4b. Note the difference between the two screens. 
The VIC 20 produces fewer characters per row and 
column and, hence, each character appears larger on 
the screen. The VIC 20 actually produces bluc 

Figure 1.3 (a) Turning on the VIC 20. 

(b) Turning on the Commodore 64. 
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Figure 1.4 (a) Screen display fo r a VIC 20. 

(b) Screen display for a Commodore 64. 

characters on a white background and the border 
color is cyan. The Co mmodore 64 produces light blue 
characters on a blue background and the border co lor 
is also light blue. In the black-and-white photographs 
in this book, the VIC 20 sc reen appears to be black 
characters on a wh ite background (like typewritten 
material) whereas the Commodore 64 screen is 
reversed, white characters on a black background. 
Most of the photographs we shall use are of the 
Co mmodore 64 scree n. We do this because they give a 
higher quality of reproduction. 

Your Commodore 64 / VIC 20 computer contains a 
special read only memory, called a ROM. The ROM 
contains the BAS IC interpreter program, which is 
ready to run when you turn on the power. In addition 
to the read only memory (ROM) your com puter 
comains some read / write mem ory called RAM, or 
random-access memory. ROM is also random-access 
memory, but the difference between ROM and RAM 
is that you can cha nge the con tents ofa RAM location. 
whi le the coments of a ROM location are fixed and 
ca nnot be changed. In addition. when you turn off the 
computer's powe r the cont ents of the RAM locations 
are lost, while the co ntents of the ROM locations are 



retained. This is why the BASI C interpreter, located in 
ROM , is there eve ry time you turn on your computer. 
On the other hand every program that you wri te is 
stored in RAM and is lost wheneve r YOll turn the 
power off. This is why yo u must save your programs 
on cassette lapes or Ooppy diskettes if you wish to run 
them again without having to type them in. 

The amount of RA M that you have depends on 
wh ich computer you a re using. T he more RAM yo u 
have, the larger the programs you can run and the 
more data yo u can store in the comp ute r. A VIC 20 
without a memory expans ion co ntains 5, 120 bytes o f 
RA M. (A byte is eight bit s; a bit is a I o r a O. Thu s. for 
example 10 I 0 I 10 1 is a byte. It ta kes one byte to sto re a 
character. I K ; 1,024 bytes.) When you turn on a 5K 
VIC 20, you should see the message 3583 BYT ES 
FREE at the top of the screen (see Figure I Aa). This is 
the amou nt of memory available for you to use. The 
space used by the VIC 20 for its BASIC interpreter and 
ot her built-in programs account s for the differe nce 
between 5. 120 and 3.583. A Com modore 64 conta ins 
65,536 bytes of RAM a nd the message 389 11 BAS IC 
BYTES free should appea r when yo u power up the 
computer. 

The last word that is d isplayed when you turn on 
your Commodo re 64/ VIC 20 (see Figure 1.4) is the 
word READY with a blin ki ng cursor displayed 
beneath it. The cursor iden ti fies where your typing will 
begin to appea r on the scree n. Try typing yo ur name, 
and then press the R ETUR N key. If you r name is 
J OHN, your screen should look li ke the one shown in 
Figure 1.5. 

Figure 1.5 A SYNTAX ERROR occurs when you type 
an inva lid BASIC comma nd. 

Note that the message ?SYNTAX ERROR appears on 
the screen. This is beca use JOH N is no t a valid BAS IC 
command , and the computer ca n respond only to 

BASIC commands that it understands. 

Figure 1.6 Playing ca rd symbols. 

All of the valid BAS IC commands are described in 
this book. Whenever yo u type a miss pelled o r 
o the rwise invalid co mm and , the Co mmodo re 64/ VIC 
20 will res pond wi th a ?SYNTAX ERROR message 
and will allow YO li to type in a co rrection. 

GRAPH IC KEYS 

On the front face of most keys on the key­
board are two graph ic symbols. YOll can type these 
symbols on the screen by holdi ng down ei ther the 
LOGO key (a t the lowe r left with the Commod ore logo 
o n it) or a S H I FT key (there are two and both fun cti on 
in the same manner) wh ile pressing the particular 
graphic key. The LOGO key causes the left graphic 
sy mbollO be printed whereas the SH IFT key causes 
the righ t g raphic key to be printed . Forexample, if yo u 
press keys A, S, Z, a nd X in seq ue nce whi le holding 
down the S HI FT key, yo u will display the spade, 
heart , diamond , and club card symbols, as shown in 
Figu re 1.6. 

Note that when yo u press RETUR N after typ ing 
o nly grap hic symbols you do not get a ?SYNTAX 
ERROR message. Try typing so me of the g raphic 
sy mbols to see what they look like. 

CURSOR KEYS 

There are three keys, one at the upper right and two at 
the lower ri ght, that are used to conr rollhe movement 
of the cursor. These three keys, shown in Figure 1.7 , 
a re the CLEA R / HOME. CU RSOR UP/ DOWN, 
a nd CURSOR LEFT / R IG H T keys. T h e 
C LEAR / HOM E is at the upper ri ght and the two 
CU RSOR keys are at the lower right. 

Press ing the HOM E key causes the cursor to move 
to the upper left-hand corner (ho me position) of the 
screen. Pressing this same key while holding down the 
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Figure 1.7 The CLEAR/ HOME and cursor keys. 

S H I FT key will return the cursor to the home position 
and clear the screen. Tryout this key. 

Pressing the CU RSOR UP/ DOWN key will cause 
the cursor to move down. Press ing this key whi le 
ho lding down the SH 1FT key will ca use the cursor to 
move up. Try this. Note that if the cursor is on the top 
line of the screen, attempting to move it up has no 
affecl. On the o ther ha nd, if the curso r is on the bottom 
line of the screen (line 25 o n the Commodore 64/1 ine 
23 on the VIC 20), attempting to move it d ow n causes 
the entire sc recnlO scroll up, with the cursor remai ning 
on the bottom line. In o rder to see this, type a nything 
on several lines or the screen and then continue to press 
the CU RSO R UP/ DOWN key. 

Press ing the CU RSOR LEFT/ RIGHT key will 
cause the cu rso r to move to the right. Pressi ng this key 
whi le holding d own the SH IFT key wili cause the 
cursor to move left. Try this. Note that if the cursor is 
in the left-most co lumn on the screen (column 0), 
attempting (0 move it left wi ll cause the cursor to move 
to the right-most pos it io n (co lumn 39 o n the 
Co mmod o re 64 / column 21 o n thc VIC 20) o n the 
preceding linc. (If the cursor is in the home position, 
nothing will happen). Note also that , if the cu rso r is in 
the right-m ost co lumn on the screen (column 39 on the 
Co mmodore 64/ column 2 1 o n the VI C 20), at­
tempting to move it to the right will cause lhecursor to 
move to the left-most position (col umn 0) of the nex t 
line. (If the cursor is at the right-most position of the 
last line on the sc reen , attempt ing to move it to the 
right will ca use the screen to scroll ). 

MAKING GRAI>HIC FIGURES 

The graphic keys and the curso r keys can be used 
toget her to form graphic figures. For example, clear 
the screen and then move the curso r down near the 
ce nter of the screen. Now press the following keys. 
(The notation S H I FT U means press the U key wh ile 
holding down the S H I FT key). 

S HIFT U 

S H IFT I 

4 

CURSO R DOWN 

CURSO R LEFT 

CURSOR LEFT 

S HIFT J 

S HIFT K 

This sequence ge nerates a circular figure as shown 
in Figure 1.8. 

Other shapes can be made using other graphic keys. 
For example, the larger square in Figure 1.9 is mad e by 
using the right graphics characters on keys 0 , P, L, 
and @. The smalier sq uare is made by using the left 
graphics characters o n keys A , S, Z, and X. This 
requires pressing the LOGO key rather than a SH 1FT 
key. The diamond is made by using the right graphics 
characters on keys Nand M . Try making these figures. 

REVERSE VIDEO 

The RV S ON , RVS OFF, and CTR L keys shown in 
Figure J . 10 are used to turn the reverse video on and 

Figure 1,8 Circu lar fi gure generated using keys U, I, L 
and K. 

Figure 1.9 l arge square generated using 0, P, l , and 
@ . Small square generated using keys A, S, Z, X. 
Diamond generated using keys Na nd M. 

o [] 
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Figure 1.10 Reverse video keys & the CTRL key. 

off. With reverse video , white characters appear on a 
blue background o n the VIC 20 and blue characters 
appear o n a light b lue background o n the Co mmodore 
64. C lear the screen , press the RVS ON and CTRL 
keys s imulta neo us ly, a nd then t y pe THIS IS 
REVERSE VIDEO. The resul t should be as shown in 
Figure 1.1 1. To turn the reverse video off, press the 
RVS OFF and CTRL keys si multaneously. 

The reverse video keys can be usefu l when maki ng 
cenain graphic figures. For example, the graphic 
figure in Figure 1.12 can be made by using the 
following keys: 

S HIFT POUNDS IG ' (£) 

LOGO' 

CU RSOR DOWN 

CU RSOR LEFT 

CURSO R LEFT 

CT RL RVS ON 

LOGO' 

S HI FT POUNDS IGN(£) 

USING THE COLOR KEYS 

On the VIC 20, the characters are normally blue on a 
white background and, o n the Co mmodo re 64, they 

Figure 1.11 Example of reverse video. 

Figure 1.12 Graphic figure generated using reve rse 
video. 

are light blue on a blue background. On a color TV, 
however, the VI C 20 can produce characte rs in eight 
diffe rent colors and the Commodo re 64 can produce 
charac ters in 16 different colors. Eight colors on both 
the VIC 20 and Commodore 64 can be chosen by 
p ressing CTRL toge ther with one of the numeric keys 
I through 8. See F igure 1.1 3. For example, if you press 
CTRL and 4 together , you wi ll see the cursor change to 
cyan. Now, if you type in some c:.dracters, they too 
will appear in cyan. Try it. 

The eight colo rs produced by the numeric keys and 
CTRL are shown in Figure 1.14. To see them, clear the 
screen and position the cursor about 1/ 3 of the way 
down fro m the top. Then, type in the following keys: 

CTRL RVS ON 

CTRL BLK, SPACE, CU RSOR DOWN 

CT RL W HT, SPACE, CURSOR DOWN 

CTRL RED, SPACE, CURSOR DOW N 

CTRL CYN, S PACE, CURSO R DOW N 

CT RL PUR, SPACE, CURSOR DOWN 

CTRL G RN, S PA CE, CU R SO R DOW N 

CTRL BLU , S PACE, CU RSOR DOW N 

CTRL YEL, S PACE, CU RSOR DOWN 

You ca n erase the scree n and return the character 
co lors to normal by pressing STOP and RESTORE. 

Figure 1.13 The eight colo r keys. 

- ..:. ~, J. .7. .;. ;;.,. :.. ::, .... ~ :;, :. ,- ::~ ~ ~: 
_o"""'''' .. ".u'o.· • • , __ 

~ c' ,-,-, ~~ _,> " 

~:-.AOO~Cl " .JI<L" M __ 

• • • . " , , • 'L 
CO ,., z >< '- V L~ N "" ' • ~ ._ •• _ :~ . .. ' . ~ ~ , 

\ 
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Figure 1.14 The numeric keys and their colors with 
CTRL. 

NumE'r i c 
Key Color 

b I acl~ 

2 Nhi te> 
3 rod 
4 cyan 
5 purple 
6 gre>er, 
7 blue> 
:~ '1 ': l 1 C,(I~ 

If you have a Comm odore 64, yo u can get eight 
addit ion a l co lors by pressing the LOGO key together 
with one of the numeric keys 1- 8. The colors you get 
are shown in Figure 1. 15. To see them on the screen, 
repeat the previous seq uence of keyboard emries but 
substitute LOGO color in place ofCTR L co lor. To get 
back to norm al co lor on the Commodo re 64, yo u can 
enter LOGO and blue together (to get light blue 
characters) as well as STOP and REST O RE. 

The color keys can be used wi th the grap hics keys 
and reverse video keys to produce co lor graphics. For 
example, clear the screen, position the cursor about 
1/ 3 down from the top, and type in the foll owing keys: 

Figure 1.15 The number keys and the ir colors with the 
LOGO key (Com modore 64 onl y). 

Numeri c 
Key c ':' 1 c,r 

orange> 
2 br o\JIn 
3 1 i gh t r .;. d 
4 gr~. y 1 
5 g r ay 2 
6 ligh t qreen 
7 ligh t b llJ e? 

8 gray 3 

6 

CT RL C YAN 

S HIFT M, S PACE (5 times), S HI FT N 

CU RSO R DO WN, CU RSOR LEFT (6 t imes) 

S HIFT M, S PACE (3 t imes), S HI FT N 

CU RSO R DOWN, CU RSO R LE FT (4 t imes) 

CT RL RVS ON, S HIFT M, S PACE. S H IFT , 

CU RSO R DOW, . CU RSOR LEFT (4 times) 

S HI FT U, S H IFT I, S PACE, S HIFT U, S HI FT I 

CU RSO R DOW N, CU RSOR LEFT (5 times) 

S HI FT J , S HI FT K, SPACE, S H IFT J , S HIFT K 

CU RSO R DOW N, CU RSOR LEFT (3 times) 

S PACE, CU RSOR DOWN (2 times) 

What docs th is graphics pictu rc rClnind YO LI of? A bug? 
A spacecraft? Somelhing else? 

Figure 1.16 Graphic figures for Exe rcise 1-1. 

EXE RCISE I-I 
Try 10 ge nerate the graphic fig ures show n in Figure 
1. 16. 

EXE RCISE 1-2 
Repeat Exercise I- I but make each gra phic figure a 
d ifferent color. 
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In Chapter I you learned how to make simple graphic 
figures by using the graphic keys and the cursor keys. 
Although this method is fairl y straightforward, it is 
too time-consuming to use when drawing complicated 
figures. In th is chapter you will learn : 

1. how to pre-store graphic and curso r key moves 
so that the computer ca n draw graphic figures very 
quickly 

2. how to use the PR INT statement 

3. what st rings and string variables a re 

4. the difference between the immediate and 
deferred modes of execution 

5. to use the LIST and RUN commands 

6. to edit a statement using the curso r keys and the 
I SERT/ DELETE key. 

STRINGS AND THE PRINT STATEMENT 

Clear the screen and type PRINT "TH IS IS A 
STRING" and then press RETURN. The result 
should look like Figure 2.1. Note th at the computer 
immediately printed the words THIS IS A STRING. 

Any seq uence of characters enclosed between 
quotation marks ("") is called a siring. If you type the 
word PRINT fo llowed by a string, the co mputer will 
immediately print the string (with om the quotation 

mark s) o n the screen. This is called the immediate 
mode of execution . 

A string may include the graphic characters. For 
example, try printing the playi ng card symbo ls as 
shown in Figure 2.2. 

A string may also include the cursor moves. This 
may seem a litt le strange at first, but this is what allows 
yo u to sto re an entire g rap hic figure as a string. When 
you press one of the cursor keys while you a re typing a 
string, the cursor does not move. Instead , a special 
character is shown in the string. Later, when this stri ng 

Figure 2.1 Usi ng the PRINT statement in the 
immediate mode of execution. 
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Figure 2.2 Printing graphic symbols usi ng the PRINT 
statement. 

is PRINTed, the cursor movements will occur in the 
order in which they were specified in the string. 

For example, if yo u want to PRINT the circular 
figure shown in Figure 1.8 in the previous chapter, 
include these key strokes as a string in a PRINT 
statement : 

SHIFT U 

S HIFT I 

CURSOR DOWN 

CURSOR LEFT 

CURSOR LEFT 

S HIFT J 

S HIFT K 

The result will look like Figure 2.3. Try it. 

Figure 2.3 PRINT statement containing cursor moves. 

Ir you make a mistake while typing a string, you 
must type a second quotation mark before you ca n 
position the curso r' to make the correction . T yping a 
second quotation mark fo ll owed by the DEL key wi ll 
delete the quotat io n mark and still allow yo u to move 
the cursor back, using the CU RSOR LEFT key. 

8 

The specia l cha racters that appear in a string when 
one of the cursor keys is pressed are used to tell the 
Commodo re 64 / VIC 20 what to do with the cursor 
when the PR INT statement is executed. The reverse 
video keys, RVS ON and RVS OFF, when depressed 
with the CTRL key also have special characters 
associated with them when used in a string. The 
numerical keys 1- 8 when depressed with the CTRL key 
on either computer or with the LOGO key on the 
Commodore 64 allow the character co lor to be 
changed within a PRINT statement. All of the special 
characters that can occur in a string except the color 
keys are shown in Figure 2.4(a). The color key special 
cha racters for the Commodore 64 are shown in Figure 
2.4(b). Only the first eight colors shown are avai lable 
on the VIC 20. 

HOME CURSOR 1Ii::" 

CL EA R SCREEII II~ ·11 .. 
CURSOR DOll/! II~ff 

CURSOR UP 11 .... 11 
~ 

CURSOR RIGHT Iitlil 

CURSOR LEFT "11" 

REVER SE VIDEO 011 II~" 

REVERSE VIDEO orr ".11 

Figure 2.4(a) Noncolor special characters fo r string 
symbols. 

(bl Color specia l characters for string symbols. 

BLACK CHARACTERS 
WHITE CHARACTERS 
RED CHARACTERS 
CYAII CHARACTERS 
PURPLE CHARACTERS 
GREEN CHARACTERS 
BLUE CHARACTERS 
YELLOW CHARACTERS 
ORANGE CHARACTERS 
BROIlN CHARACTERS 
LIGHT RED CHARACTERS 
DARK GRAY CHARACTERS 
GRAY CHARACTERS 
LIGHT GREEN CHARACTERS 
LIGHT BLUE CHARACTERS 
LIGHT GRAY CHARACTERS 

EXERCISE 2-1 

"~" 11 11 

II II 

"I' 
, , 
.. II 

11 II 

II U 

U .. 

II 11 

:~~.:: 
II If 

II II 

II II 

II II .. 

Use the PRINT statement to generate the graphic 
figure shown in Figure 1.1 2 in the previous chapter. 
Your result should look like Figure 2.5. 



Figure 2.5 Answer to Exercise 2-1 . 

EXER CISE 2-2 
Repeat Exercise 2- I but make the fi gure cyan in color. 

THE RUN AND LIST COMMANDS 

If a BAS IC statement such as PRI NT is preceded by a 
li ne number , the s tatement is 1101 executed 
immediately, but rather its executi on is defe rred until 
the command RUN is typed. Figure 2.6 shows how to 
print the playing card symbols using thi s deferred 
mode of execution.* 

Figure 2.6 PRINT statement using the de fe rred mode 
of execution. 

BAS IC statements with line numbers are "stored" 
in the computer. Theycan be R UN at a ny time. If you 
type RUN again, the co mputer will again display the 
playing card symbols. Try it. 

-Before typing this or a new se t of slat eme nlS with line numbers, 
type the command NEW to clear the memory. NEW is discussed in 
Chapler 3. 

Note that you must press RETUR I at the end of 
each statement (such as PR INT) or command (such as 
R UN). The Co mmodore 64/ VIC 20 does not " look at" 
what yo u have typed o n a line until you press 
RETUR N. 

You can find out a t any time which BAS IC 
statements yo u have stored in the computer by typing 
LIST. T ry it. If yo u typed the sta tement shown in 
Figure 2.6 befo re, yo ur list should look like Figure 2.7. 

Figure 2.7 The LIST comma nd will list all BASIC 
stateme nts stored in memory. 

Yo u can now edit this PRI NT statement by using 
the curso r keys. Suppose you want to print the wo rd 
HEAR instead of the pl aying card sy mbols. Us ing the 
curso r keys, move the c ursor over the spade in the 
PRI NT statement. Then type H EAR and press 
R ET U R N. Now move the cursor down below 
R EADY and type R UN. The result should be as 
shown in Figure 2.8. 

You can use the questio n mark (1) as an abb revi­
ation for the word PRI NT. T ry typ ing ?"THIS WILL 
STILL PRINT". If you want to print H ELLO in the 
deferred mode, you can type: 

10 ?" HEl..LO" 

RUN 

Note that , if yo u now type LIST, the word PRINT is 
substituted for the question mark (see Figure 2.9). 

INSERT/ DELETE KEY 

The II SE RT/ DELETE key (INST/ DEL, see Figure 
2. 10) ca n be used to ed it any BASIC statement. If you 
mak e a mista ke while typing a stat ement , or if you 
want to change a previously written sta tement , yo u 
will find the INS ERT/ DELETE key very useful. 

For ex ample, suppose you want to change the word 
H EAR in your PRI NT sta tement to HEA RI NG. First 
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Figure 2.B la) Ed iting a PRI NT statement. 

Ib) Running the edited statement. 

list the statement by typing LIST. Then move the 
curso r over the last ( right) quotation mark . Whi le 
holding the shift key down, press the INSERT/ 
D ELET E key three times. This wi ll move the 

Figure 2.9 The quest ion mark Ii) can be used instead 
of the word PRINT. 

? "THIS Hill STill PRIIH" 
THIS Hill STill PRINT 

REA DY. 
10 ? "HELLO" 
RUN 
HEllO 

READY. 

LI ST 

10 PRINT "HE llO" 
READY. 

10 

Figure 2.10 INSERT I DElETE key. 

quotatio n mark over three places. Now type ING and 
press RETURN. Move the cursor to the beginning of 
the next line, and type RUN. The computer should 
print the word HEARING as shown in Figure 2. 11. 
(The two lines marked "IO"in Figure 2. 11 will actually 
occur on the same line on the screen at different times). 

Figure 2.11 Inse rting: changi ng HEAR to HEAR ING. 

Suppose you now want to change HEAR ING to 
R I ' G. Type LIST (this is not necessary, but it reduces 
the distance on the screen that yo u have to move the 
cursor to reach the word HEARING) and then move 
the curso r over the le lter R in HEARING. Press the 
INSE RT/ DELET E key three times to delete the 
lelters HEA. Note that pressing the DELETE key wi ll 
delete the character immediately 10 the left of the 
curso r. Now press R ETU RN , move the cursor down, 
and type RUN. The wo rd RING sho uld be printed on 
the scree n as shown in Figure 2.12. (Agai n, the four 
lines marked "10" will actually occur o n the same line 
on the screen at different times). 



Figure 2.12 Deleting to cha nge HEAR ING to RING. 

STRING VARIABLES 

As we have seen, any sequence of characters enclosed 
between quotation marks is ca lled a string. Thus, for 
examp le, the following are strings: 

"HEARING" 

"$$$$" 

"THIS IS A STRING" 

Any character, graphic symbol , color key, or cursor 
move can be included in a string. A blank space is 
treated as a character when it is included in a string. 

A string can be given a special name and can then be 
referred to by its name. These string names are 
sometimes called sIring variables. The name of a string 
must end with a dollar sign ($). It must a lso start with a 
leuer, and it can contain onc or two characters, the 
second of which can be either a letter or a number. The 
following are examples of valid string names: 

AS 

B3$ 

AXS 

MAS 

Z7S 

You may use longer string names, such as HOUSE$ 
and BOAn. However, the Co mmodore 64/ VIC 20 
uses only thefirs{ { IVO characters to id entify the string. 
It would therefore consider the names BALLS and 
BATS to be the same, si nce they both start with the 
letters BA. 

Lo nger names are more meaningful to the program­
mer, but not to the Commodore 64 / VIC 20. In 
addition to the need for the first two characters of each 
name to be unique, there is another problem with the 
use of long names. The Commodore 64 / VIC 20 has a 
number of reserved lVords, such as statement and 

command names. For example, RUN and LIST are 
reserved words. (A complete list of reserved words is 
given in Appendix A). If any of these reserved words 
occurs anywhere within a name that you make up, 
your program wi ll not run properly. Thus, it is 
probably a good id ea to keep your names short. 
Shorter names wi ll also use less memory. 

The equa l sign (= ) can be used in BAS IC to assigll a 
particular string to a particular string variable or 
name. Thus, for exam ple, you could type 10 
A$="THIS IS A STRING". From now on the name 
A$ is considered to be the same thing as the string 
"TH IS IS A STR ING ". You can, for example, print it 
with the PRINT statement 20 PRI NT AS. Try this. 
You shou ld get the result shown in Figure 2.13. 

Figure 2.13 Usi ng string va riables in a PRI NT statement. 

Of course, yo u can incl ude graphic characters and 
cursor moves in your definition of a string variable. 
Thus, fo r examp le, to draw the circular figure in 
Figure 2.3, you co uld define a string variable AS as 
shown in Figure 2.14 . 

Figure 2.14 Defining a graphic figure as a string 
va riable. 
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(,) 

(b) 

You may a lso define several graphic figures as 
separate strings and then print them all. For example. 
the three graphic figures shown in Figure 1.9 in 
Chapter I can be defined as the following three string 
variables: 

AS: string for plotting large sq uare 

BS: string fo r plotting small square 

CS: string for plotting diamond 

Figure 2.15 shows a program that defines each of these 
str ing variab les and then prints each figure. Type it in 
and run it. Note that each PRINT statement plots a 
separate figure starting on a new line. A detailed 
description of the PRI NT statement is give n in 
Chapter 4. 

Some additional graphic figures are shown in 
Fi gure 2. 16. Type in each of these programs and 
display the figures. Then try to draw the graphic 
figures shown in Exercise 2-3 at the end of this chapter. 
The answers to these exercises are given in the back of 
the book. 

Figure 2.15 Siring variable definitions of the figures in 
Figure 1.9. 

LINE LENGTH 

Each line on the VIC 20 screen contains twenty-two 
character positions and each line on the Commodore 
64 screen contains forty character positions. However, 

Figure 2.16 Examples of graphic figures defined as string va ri ables. 
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lal 

Ibl 

lei 

the VIC 20 is ab le to p rocess up to eighty-eight 
characters per line and the Commodore 64 can process 
up 10 eighty characters per line. This means that yo u 
can use a maximum orrou r screen lines for any BAS IC 
statement on a VIC 20 and a maximum of two scree n 
lines fo r any BAS IC statcment on a Co mmodore 64. 
For example, if you a rc defining a string using a 
statement such as 10 A$="------- and you get to the 

end of the line on the sc reen. yo u can keep on typing. 
Do not press RETU RN. The Commodore 64 / VIC 20 

Exercise 2-3 

wi ll aut omatically continue the statement on the next 
line. When you fini sh the statement, you must press 
RET URN. Remember that no statement can be morc 
than four screen li nes (88 characters) long on the V IC 
20 and no statement can be mo rc than two screen lines 
(80 characters) long on the Commodore 64. 

EXERC ISE 2-3 
Write a BAS IC program to draw each o f the following 
graph ic figures. 

13 
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LEARNING 

In the first two chapters you learned how to draw a 
variety of graphic figures on the Commodore 64/ VIC 
20. Graphics can be used to advantage in many types 
of computer programs, to make them more interesting 
and appealing. You will learn more about inco r­
porating graphics into yo ur programs in later chapters 
of this book. In this chapter we will begin to look at 
some of the ideas associated with writing BAS IC 
programs. 

In this chapter yo u will learn: 

I. how to use the cassette tape recorder and noppy 
disk drive to save your programs 

2. to use the commands NEW, SAVE, VER IFY, 
LOAD , and CONT 

3. to use the RUN / STOP key 

4. the general structure of a BASI C program 

5. to use the statements GOTO, STOP, END , and 
REM. 

THE BASIC PROGRAMMING LANGUAGE 

The BAS IC programming language was developed at 
Dartmouth Co llege in 1963. BAS IC stand s fo r 
Beginners A ll-purpose Symbolic Instruction Code, 
and the language was designed to be easy to learn and 
easy to use. Since its original development the BAS IC 
language has been extended and modified by va rious 
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IN BASIC 

manufacturers. CBM* BASIC is used in the Commo­
dore 64 and VIC 20 and is similarto the BAS IC that is 
used with most other microcomputers. 

T he mai n advantages of using BAS IC are that it is 
simple to use and that it is built into yo ur Commodore 
64/ VIC 20. Although it is simple, CBM BASI C is 
quite powerful and will allow you to write high­
performance programs. 

There are, however, certain drawbacks to CBM 
BAS IC. First of a ll , it is slow. You might not notice 
this until you try to draw a large picture quickly. The 
BAS IC interpreter located in the Commodore 64/ V IC 
20 ROM must decode and execute each of your 
BAS IC statements each time you run your program . 
This takes time. 

Assembly Language 

If yo u want to speed up the execution time of a 
program, you must write the program in assembly 
language rather than in BASIC. Asse mbly language is 
a lower-level language that the Commodore 64 / VIC 
20 can execute direct ly. The "brain" of the Com­
mod ore 64/ VIC 20 is a 40-pin chip ca lled a 6502 
microprocessor (see Figure 3.1). It is this chip that can 

·C OM is sho rt for Commodore Business Machines. Inc. 



decode and execute a 6502 assembly language 
program. Any microcomputer that uses the 6502 
microprocessor can execute programs written in 6502 
assembly la nguage. The Apple II microcomputer a lso 
uses the 6502 microprocessor. On the o ther hand the 
Radio Shack TRS-SO uses the ZSO microprocessor, 
which executes a completely different assem bly 
language. The Radio Shack TRS-SO Co lor Computer 
uses the 6809 microprocessor. which executes yet 
anothe r assembly la nguage. 

- ------. -- . -~ . . . ~ , 
• • 'J , , , , , , , , , , 

Figure 3.1 The 6502 microprocessor is (he "brain" of 
the Com modore 64·IV IC 20 computer. 

St ructured Programming 

You may hear that BAS I C is not a very "well­
structured"language and that other languages such as 
PASCAL are "better" in some sense. While it is true 
th at PASCAL almost forces yo u to writc we ll­
structured programs, it is also true that we ll -structured 
programs can be wri tten in any language, including 
BASIC. I n this book we will try to counteract any bad 
programming habits that BAS IC might encourage 
and show you how to write good programs in BAS IC . 

Learning the Language 

There are ( WO aspects to learning computer pro­
gramming. The first is to learn a programming 
language . This is the easy part. T he seco nd is to learn 
how to write programs to accomplish particular tasks. 
This is the ha rd part. 

Learn ing a co mputer language co nsists or learning 
the synlllx and semantics of the va rious statements 
that make up the language. Synrax refers to the ru les 
for forming the various statements. For example. the 

· The Comm odore 64 actually uses the 65 I 0 microprocessor which 
di ffe rs from the 6502 in only one. relative ly minor. respect. 

PRINT statement must be spelled PRINT, and a 
string must be enclo sed between quotation marks. 
Semal1lics refers to what a particular statement does. 
For example, the stateme nt PRINT followed by a 
string will print the string on the screen . 

Learning How To Write P rograms 

Learn ing how to write a program to accomp lish a 
particu lar task takes practice, insight , and a knack for 
solving problems. Programming is like solving a 
puzzle . You must determine what you have to tell the 
computer so that the computer will do what you want. 
You will find that the computer alIVays does exactly 
what you tell it to do . However, often what you tell it 
to do is not what you think you a re telli ng itto do. This 
can lead to errors that are sometimes hard to find. T he 
best way to avoid many of these errors is to think 
through the problem carefu lly before you start to write 
the program. Understand ing exactly what you want to 
do is a major step in solvi ng a problem. 

There a re on ly a few basic ru les for telling a 
compu ter what to do. Computers can do the same 
thing over and ov~r again. This is accomp lished in a 
computer program by mea ns of a loop. We will look at 
a simple loop later in this chapter. More detailed 
discussions of loops are given in Chapters 7 and S. 
Another thing that compu ters can do is make a simple 
cho ice between two altern atives. This process of 
making choices wi ll be described in Chapter 6. By 
combining loops with the process of making simp le 
cho ices. any co mputer program can be constructed. 

Saving Your Programs 

If you have a Comm odore 64/ VIC 20 you pro bably 
have a cassette tape recorder, as in Figure 3.2a. You 
may also have a noppy disk drive as shown in Figure 
3.2b. Both devices are used to save programs and data 
when the Commodore 641 VIC 20 is shut off. 

CASSETTE TAPE RECORDER 

Press the STOP / EJ ECT key on the recorder all the 
way down to open the cover. Insert a new tape. (The 
best tapes to usc a rc C- I 0 data tapes that co nta in fi fty 
feet of tape. These tapes can store o ne long program or 
several sho rt progra ms o n each side. ) Insert the 
casselle with the tape opening facing you. The left side 
of the cassette sho uld contain the most tape. Other­
wise, you will need to rewind the cassette. After 
inserting the cassette co mplete ly, close the cover. 
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Figure 3.2 Commodore 64IVIC 20 cassette tape 
recorder (a) and floppy disk dri ve (b). 

NE W 

Type NEW and press RETURN . This wi ll clear any 
BASI C program that you have sto red in the compu ter. 
You should type NEW before you begi n typing in a 
new program, so that parts of o ld programs are not 
combi ned wi th your new program . Now type in the 
program shown in Figure 3.3. 

Figure 3.3 Program to draw three figures. 

SAVE 

10 A$= " rtf!II!fUH 

20 B:f.;;11 ro:!ljllU L...J II 

:;: l1 c: :t ;;: " , ..... <l'!1I!H ~ •....• / II 

40 PI, I NT Ai 
50 PR I NT t:~: 
60 PRUlT Ccf 

You can now save this program o n the cassette tape by 
typing SAVE "THREE FIGURES". The Commo­
dore 64 / VI C 20 will respond with the message PRESS 
RECORD & PLA Y ON TAPE. Now press both the 
REC key ( the o ne on the far left) and the PLA Y key. 
The Commodore 64 / VIC 20 will first respo nd with 
OK and then SAVING THREE FIGURES. On a ll 
tape commands. the Commodore 64 (not the VI C 20) 
blanks the screen while it carries o ut the instruction . 
These steps are shown in Figu re 3.4. 

Your program is now stored on the cassette tape 
under the file name "THR EE FIGURES." Yo u can 
make up any na me yo u want for a fi le name. but you 
sho uld limit your fi le names to sixteen characters 
(including blanks), since this is the maximum number 
th at the Commodore 64/ VIC 20 will display on the 
screen when yo u load the program in from the tape. 
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1ST 

8 AS=~(e':' 8 8S=1 .. 
8 C$:;'" I 

PRI 
8 PRIIIT IS 
8 PRIIIT CS 
EADY. 
AUE "THREE fIGURES" 
RESS RECORD & PLAY 011 TftPE 
J( 

AUIIIG THREE FIGURES 
[BDY. 

Figure 3.4 Saving a p rogram o n cassene tape. 

VE RI FY 

You can verify that the program in the Commodore 
64 / VIC 20 was properly stored on the ta pe by 
rewinding the tape (press the R EW key on the recorder 
unt il the tape is completely rewound , and then press 
the reco rder STOP key) and then typing VERIFY. 
T he Co mmodore 64/ VIC 20 wi ll then respo nd with 
the message PRESS PLA Y ON TAP E. 

Press the PLA Y key on the reco rder. T he Com­
modore 64 / VIC 20 will read your tape and co mpare it 
with the program th at is stored in its memory. If no 
errors occurred when you saved you r program, the 
Commodore 64/ VIC 20 will disp lay OK. If an error 
d id occur , the Commodore 64 / VIC 20 will display 
?VER I FY ERROR and yo u should t ry to SA VE your 
program again. The use of the VER IFY command is 
illust rated in Figure 3.5. 

Figure 3.5 Use of the VER IFY command. 

SAUE :·THREE FIGURES" 
PRESS RECORD & PLAY ON TAPE 
OK 

AUING THREE fIGURES 
READY. 
VERIfY 
PRESS PLAY ON TAPE 
OK 

EARCHING 
OUND THREE fIGURES 

UERIfYING 
OK 

READY . 



LOAD 

Type NEW. This wi ll clear your program from the 
memory. You can not run this program aga in unti l you 
load it back in from the cassette t ape. To do this, 
rewind the tape, and then type LOAD or LOAD 
"THREE FIGURES." 

If you type LOAD then the Commodore 64/ V IC 20 
will respond with PRESS PLA Y ON TAPE. P ress t he 
recorder PLA Y key, and you r program will be loaded 
into the Commodore 64/ VIC 20 (see Figure 3.6). 
When you type only t he word LOAD, the first 
program on the tape will be loaded into memory. 

Figure 3.6 The sta tement LOAD wi ll load the fi rst 
program on the tape into the Commodore 64/V IC 20 
memory. 

If yo u type LOAD "THREE FIGURES" the 
Commodore 64 / VIC 20 will search th rough the tape 
until it finds the file name "THREE F IGURES" and 
then load this file into memory (see Figure 3.7). T he 
Commodore 64 (not the V IC 20) pauses after findi ng 
the correct file before load ing it. Yo u can el iminate the 
pause by pressi ng the LOGO key. S ince yo ur p rogram 
was the first program on the tape, it will be found right 
away. However, ifi t had been the t hird program on the 
tape, the Commodore 64 / V IC 20 wo uld have searched 

Figure 3.7 The statement LOAD "THREE FIGURES" 
wil l search for the file name THREE FIGURES and load 
th is file into memory. 

L OAD ' ' THR EE FI GUR ES ' , 

PRESS PL AY ON TAPE 
OK 

SEARC HING FOR THREE F I 
GURES 
FOUND THRE E F IGU RES 

LOAD I NG 
READY. 

until it found the correct name, without loading in the 
first two programs. 

THE FLOPPY DISK DRIVE 

SAVE 

If your Commodo re 64 / VIC 20 has a floppy disk 
co nnected to it, then you can ready the disk drive for 
saving and loading programs by inserti ng a for­
matted ' noppy d iskette (label up, notch at the left) 
into the slo t on the front of the disk drive and then 
closing and latch ing the drive door. 

To save your program on the noppy diskette, type 

SA VE "THREE FIGURES",8 

where THREE FIGURES is the name of the program. 
(The number 8 is the device number of the first disk 
drive in the system.) You can make up any program 
name co ntaining up to 16 characters including 
blankspaces. The red light on the disk drive will light 
up and the disk drive motor will make a whirring 
so und for a few second s. After it stops, everything 
should be all right as long as the red light is not 
flashing. A flashing red light means an error occurred 
in carrying out the instruction. For example, an error 
will occur if yo u try to save a program when there is no 
diskette in t he disk drive. At this point, assuming no 
error occurred, the dialog on the screen should look 
like Figure 3.8. 

VERIFY 

To ver ify t hat your program is really on the disk, type 

VERIFY "THREE FIGURES",8 

*To formal a new diskette. consult your disk drive manual. 

Figure 3.8 Saving a program named TH REE FI GURES 
o n the floppy diskette. 
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The red light on the disk drive will come on and you 
will hear the whirring sound again. The Commodore 
64/VIC 20 will respond first with SEARCHING FOR 
THREE FIGURES and then VERIFYING. If the 
program was saved correctly on the diskette then the 
Commodore 64/ VIC 20 will display OK as shown in 
Figure 3.9 . If not, the display will read ?VERIFY 
ERROR. The latter means the prog ram was not 
SA VEd properly. 

SAVE " THREE FIGURES", 8 

SAVING THREE fIGURES 
READ Y. 
VERIfY "THREE fIGURES",8 

SEARCHING fOR THREE fIGURES 
VERIfYING 
0 1( 

READY. 

Figure 3.9 Verifying a program named THREE FIGURES 
on the diskette. 

LOAD 

Another way to verify that your program is on the disk 
is to type NEW, which will clear your BASIC program 
in the Commodore 64/ VIC 20. If you now type LIST 
you will find that nothing gets listed. In ord er to 
retrieve your program from the diskette , type 

LOAD "THREE FIGURES",8 

The Commodore 64/ VIC 20 will respo nd first with 
SEARCHING FOR THREE FIGURES and then 
LOADING. When the red light goes out, yo ur 
program will be completely loaded. See Figure 3. 10. 
You can now see the program listing by typing LIST 
and you can execute the program by typing RUN. 

It is possib le to get a list of the programs stored on a 
diskette . Just type 

LOAD "$",8 

Here, "$" denotes the file kept by the sys tem 
containing the names of all programs on the diskette . 
If you now type LIST, yo u sho uld see the name 
"THREE FIGURES" on the list. Loading "$" has the 
sid e effect of causing TH REE FIG U RES or any other 
program in memory to be erased . 
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READV . 
LORD "THR EE fIGURES",8 

SEARC HING fOR THREE fIGURES 
LORe- I NG 
READV. 
LIST 

10 A$ ="~lre" 20 8$=",.., "1 .. 
30 C$=II I II 
40 PRIN S 
56 PRINT BS 
60 PRINT CS 
REA DY. :a 

Figure 3.10 Loading the program THREE FIGURES 
from the diske tte. 

ReSA VEing Programs 

Once you have SA VEd a program and then modified 
it, you may want to save it o n the disk again, erasing 
the copy a lready there. The command for this is 

SA VE "@O:THREE FIGURES",8 

(The digit 0 ca n ordinari ly be om itted .) To see how this 
works, carry out the sequence of commands in Figure 
3. I I. In executing this new SAVE co mmand , if 
THREE FIGURES by chance is not already on the 
diskette , then the SAVE is carried out in the usual 
manner described earlie r. 

If yo u try to SAVE a p rogram without the 
@O:(o r@:) prefixes on the program name and there is 
a program on the diskette with the same name, then 
the program will not be SAVEd. Unfortunately, the 
only indication you will get of this problem is the 
nashing red ligh t on the disk drive, a nd this is easy to 
overlook. 

Figure 3.11 ReSAVEing the program THREE FIG URES 
on the diskette. 

LOAD "THREE fIGURES",8 

SEARCH ING fOR THREE fIGURES 
LOADING 
READY. 
70 GOTO 40 
SAV E "eo: THREE fIGURES", 8 

SAVI NG eO:THREE fiGURES 
READ Y . • 



STOPPING PROGRAM EXECUTION 

RUN/STOP Key 

The RUN / STOP key is shown in Figure 3. 12. If you 
hold the SHIFT key down and press the RUN/ STOP 
key, the Commodore 64 / VIC 20 will respond with the 
message PRESS PLA Y ON TAPE. If you then press 
the recorder PLAY key, the Commodore 64/ VIC 20 
will LOAD in yo ur program and then RUN it. In other 
words, pressing the RU N/ STOP key while holding 
down the shift key is eq uivalent to typing the two 
commands LOAD and RUN. Rewind your tape and 
try it. 

• 

Figure 3.12 The RUN/STOP key. 

The unshifted RU N/ STOP key is used to stop the 
execution of a program. To see how this works, add 
the stateme nt 70 GOTO 40 to the program you have in 
memory. You can do this by just typing this statement 
as shown. Then type LIST in order to see the entire 
program. It should look like Figure 3.13. The 
statement 70 GOTO 40 means exactly what it says. 
Statement 70 simply branches back to statement 40. 
This is a loop that continues indefinitely, as shown in 
Figure 3.14. 

Figure 3.13 Program to display a continuous sequence 
of figures. 

10 R$-" I ]'iIfLJ" 
20 B$=" n .!.'!IIIiU L J " 

:30 C:t::;;; 11 .... ··.)(1111 ···.--' 
40 F'RIHT At 
::;C1 PR Hn ' B$ 
60 PF: niT eel: 
70 I~,OTO ":~0 

Figure 3.14 An indefinite loop that prints figures unti l 
you press the STOP key. 

[

40 PRINT A$ 
50 PRII;T B$ 
60 PRINT C$ 
70 GOTO 40 

(pr ints 
( prints 
(prints 

the 
the 
the 

I arge square) 
small square) 
di amond) 

Now RUN this program. As you can see, new 
figures are being printed endlessly. In order to stop this 
program, press the STOP key (the unshifted 
RUN / STOP key) . Note that you get a BREAK 
message as shown in Figure 3.15 . 

CONT 

The program shown in Figure 3.13 displays a large 
square, a small square, and a diamond over and over 
again. No matter where it is stopped, if you restart the 
program by typing RUN, it will start with the large 
square. This can be seen in Figure 3.16, where the 
program was stopped with the STOP key just after it 
displayed the small square . 

Figure 3.15 Stopping a program with the STOP key. 

If a program has been stopped , the CONT 
statement can be used to co ntinue the program where 
it left off. This is illustrated in Figure 3.17, where the 
program was again stopped just after displaying the 
small sq uare. After CONT is typed , the program 
restarts by displaying the diamond. 

STOP 

The statement STOP can be included in a BASIC 
program. This will have the same effect as pressing the 
STO P key. This can be very useful in debugging 
(finding the erro rs in) a program that does not wo rk 
properly. You can insert a STOP statement and then 
check what the program has done up to that point. 
You can then resume execution of the program by 
typing CONT. 
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Figure 3.16 RUN ca uses the program to start at the 
beginning. 

Figure 3.17 CO NT causes the program to sta rt from 
where it left off. 

END 

The END statement can be used to stop a BAS IC 
program in the middle or at the end. It does not cause a 
BREAK message as the STOP statement does. In 
CBM BASIC the END statement is optional, because 
the program will a utomatically end if there are no 
more statements to execute. 

THE STRUCTURE OF A BASIC PROGRAM 

Sequence Numbers 

A BASIC program consists of a sequence of BASIC 
statements. Each line of a BASIC program must begin 
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wit h a sequence number. When the program is 
executed (by typing R UN), the statement wi th the 
lowest sequence number is executed firs t. Additional 
statements are then executed in numerical o rder. 

When yo u write a BASIC program you should 
incrementyou r sequcnce numbers by 10. That is, your 
progra m should look li ke this: 

10 fi rst statement 

20 seco nd statement 

30 third statement 

If yo u late r want to inse rt a ne w statement betwecn the 
seco nd and third statements you can lype 25 NE \V 
STATEM ENT a nd this new statement wi ll be inserted 
betwee n state mcnt 20 and statemen t 30. Leaving 
unused numbers betwee n statements will save you the 
chore of renumbering all of yo ur statements when 
inserts a re madc. 

If yo u think you may wam to add so me new 
statements at the begi nning of your program, it would 
be a good idca to start your program wit h a seq uence 
num be r of 100 and then co ntinue wi th 110, 120, 130, 
and so 0 11. You can later inse rt statements before line 
100 by usi ng seq uence numbers less than 100. A 
sequence number can be any integer from a to 63999. 

REM 

A good stat ement to incl ud e at the beginning of yo ur 
program is a REMark statement. This statement 
consists of the three letters REM. The remainder of the 
line ca n be used fo r any kind of remark, or descriptivc 
comment. These remarks are ignored by the Com­
modo re 64/ VIC 20 when the program is executed. 
Their only purpose is to make the program easier to 
unde rstand. For examp le, in the program shown in 
Figure 3. 13 you may want to add the statement: 

5 REM PROGRAM TO PRINT 2 SQUARES AND 
A DIAMOND CONTINUOUSLY 

Note th at, un like the listing of Figure 3. 18, the 
remark takes morc than one line on the screen. As 
mentioned in Chapter 2, any BASIC statement can use 
up to eighty-eight character positions on the VI C 20 o r 
eighty character positions on the Com modore 64 
(four / two screen lines, respectively). When you type 
the rema rk shown in Figure 3. 18, do nor press 
R ETU R N at the end of the first line, o r you will 
terminate the statement at that point. The REM ark 
will just co ntinue on the second line. If you press 



Figure 3.18 Use of the REM stateme nt to make 
rema rks in a program on the Commodore 64/V IC 20. 

5 REt'1 PROCiPftf'1 TO PR I ~lT 2 :~; @JFI PE::; Ml ill P. 1: IRHO!·m r=:OI·n I ~'IUOUSL 'i 
i 0 Rt~" rl~~I!iLJ" 
20 H$= II n :l!1 III I W II 

30 (:$==" ..... -'·.J!IIIV ..... /" 
40 p":nn Rt 
5'-, F'RHn B:j". 
60 PR un C:f 
7'1:1 GOTO 40 

RETURN at the end of the first line then you must 
start the seco nd line wi th a new sequence number and 
another REM statcment. 

M ultiple Statements per Line 

CBM BAS IC a ll ows yo u to write more than one 
BASIC statement per line by separating the statements 
with a colon (:) . In this co ntext a line is the eighty-eight 
character line co nsisting of four screen lines on the 
VIC 20 or the eighty-cha racter li ne consist ing of two 
screen lines on the Com mod ore 64. This can be an 
advantage for a number of reasons: (I) it allows yo u to 
group a number of short , related stateme nts together; 
(2) it allows you to include remarks on the same line as 
a BASI C statcment; and (3) it saves some memory by 
red ucing the number of seq uence numbers in the 
progra m. O nly thc first BASIC statement on a line has 
a seq uence number. 

There are, however, some disadvantages to writing 
more than one statement per line. If used indiscrim­
inately, this style can result in a program that is 
difficult to read and understand. You will not be able 
to branch to a sta tement (for example, wi th a GOTO 
statement) that starts in the middle of a line, since it 
will not have a sequence num ber. Finally, you will not 
be able to inse rt a new statement between exist ing 
multiple statemen ts unless there is enough room left 
on the line to use the INSE RT key. You should , 
therefore, be carefu l when writing multiple statements 
on a single line. 

Figure 3.19 Multip le statements on a single line are 
separated by a colon (:). 

One good use ofthe multiple statement capability is 
to include remarks that help to describe what is goi ng 
on in the progra m. For example, in Figure 3. 19 we 
have added three remarks thaI tell what is being 
printed by each ofthe PRI NT statements. You can see 
how the remarks in Figure 3. 19 have made the 
program eas ier to understand. Note that a colon (:) is 
used to separate multiple statements on a single line. 
But remember that the REM statement wi ll cause the 
rest of the line to be ignored, even if you add another 
BAS IC statement foll owing another colon. 

More about LIST 

We have seen that the LIST command will list the 
entire BASIC program that is stored in memory. You 
ca n slow down the speed at which the program is listed 
by pressing the CTRL key while the program is being 
listed. If you re lease the key the program will continue 
to be listed at its normal speed. T his is particularly 
useful when listing long programs . You can stop the 
listing process at any time by pressing the STOP key. 

It is a lso possible to list only selected parts of a 
program. For example, if you type LIST 30 then only 
the line with the sequence number 30 will be printed on 
the screen. This is useful if you want to edit line 30 
using the cursor keys. 

You ca n list lines 20 through 40 by typing LIST 
20-40. If you type LIST-30 then you willlisl all of the 
lines from the beginning of the program through line 

~3 FHI F' r;:OOFml TO F' i~ ltn 2 :,:,iURF:E:,; RHD R DI RrlOHD COI ·:TH1UOU:,;L', ' 
1[' A o'= " I-[~1i~L.J" 
20 B$=" r l :I!!I I~ l..l " 

:30 C:t:::: " .... ·-'·)1111··· .... /'1 

40 F'R J HT At : FH1 LRRGE 3C!UfiPE 
50 PF: HIT B.t : REt'1 :: ;J'1RLL :3@JR":E 
60 PRI NT CtoREM DIRMOND 
7~1 GOTO 4Cj 
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30. If you type LIST 30- you wi ll lis t a ll of the lines 
from line 30 to the end of the program. These exa mples 
are shown in Figure 3.20. 

MEMORY LOCATIONS AND COMPUTER 
PROGRAMS 

A computer program is like a train going on a trip. The 
memo ry locatio ns o r memory cells in the com puter are 
like the scats in the trai n. Each seat has an "address" or 

Figure 3.20 Examples of the use of the LI ST statement. 

LI S T 20-40 

20 B$="~" I~" 30 C$=" I II 

40 PRI N $ :R M LARGE SQUARE 

READY. 

LI 5 T -30 
5 REM PROGRAM TO PRINT 2 SQUARES AND A 
DIAMOND CONTINUOUSLY 
10 A$ = "~I~" 20 8$=" n I " 

30 C$=" I " 

READY . 

LI ST 30-
30 C$ ="/'\;!III\/" 
40 PRI NT 1f$:R~M LARGE SQUARE 
50 PRI NT B$:REM SMALL SQUARE 
60 PRINT C$ : REM DIAMOND 
70 GO TO 40 
jREADY. 
! 
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name that identifies it. These names correspond to the 
variable names in a BASI C program. Fo r examp le, 
three different seat names co uld be AS, BS, a nd CS. 

Whoever o r whatever is in a particula r seat 
co rrespo nd s 10 the contents of a particul ar memory 
locatio n in the computer. For example, if JOH N is 
sitting in seat AS, then the BASI C statement 
A$="JOHN" ca n be interpreted as meaning " put 
J O H N in seat AS." It is very important to distinguish 
clearly between the name of the memo ry locat ion, o r 
sea t on the train (AS) , a nd the co ntents of that memory 
location o r seat (JOH N). (See Figure 3.2 1. ) 

Up to now all of O Uf memory locati o ns have 
co ntained st rings and have had names th at end with a 
dollar sign. If a memory cell names does not end with a 
dolla r sign, the Commodore 64 / VIC 20 co mputer will 
assume th a t the memory ce ll co ntains a number. The 
use of memory cells conta in ing numbers wi ll be 
disclissed in the next chapte r. 

Figure 3.21 Memory locatio ns are like seats o n a train. 

EXERC ISE 3-1 
Store the progra ms for Exercise 2-2 o n a cassette tape. 
After sto ring the first program, d o not move the 
posit io n of the tape before sto ring the second 
program. 

EXE RC ISE 3-2 
Write a program th at wi ll co ntinuously display the twO 

skie rs in Exercise 2-3 (e)-(I) over and over again . Stop 
the p rog ram by pressing the STOP key, a nd res tart it 
by typing CONT. 



LEARN I Nbr-lWUIt"t=J ABOUT 

In the first three chapters of this book you have written 
short programs that draw various graphic figures. In 
this chapter you will see how the Commodore 64/ VIC 
20 can work with numbers as well as strings. You will 
find that the Commodore 64/ VIC 20 can serve as a 
very good calculator. In addi tion you will learn how to 
use the PRI NT statement to make larger graphic 
figures. 

In this chapter you will learn: 

1. how to use the Commodore 64/ VIC 20 as a 
calculator 

2. to write arithmetic expressions involving addi­
tion , subtraction, multiplication, division. and 
exponentiation 

3. how to use the comma and semicolon in a 
PRINT statement 

4. to use the BASIC functions SPC and TAB 

5. to draw larger graphic figures 

6. about some of the built-in functions in the 
Commodore 64/ VIC 20. 

THE COMMODORE 64jVIC 20 
AS A CALCULATOR 

By using the PRINT stateme nt in the immediate mode 
of execution, you can use your Commodore 64/ VIC 

20 as a calculator. You can add, subtract , multiply, 
divide, and rai se a number to a power. 

Addition 

If you type PRINT 5+3 the Commodore 64/ VIC 20 
will respond with 8. You can use the question mark as 
a n abbreviation for PRINT. Thus, if you type? 5+3 
the Commodore 64 / VIC 20 will also respond with 8, 
as shown in Figure 4.1. Try it. 

Figure 4,' Using the Commodore 64IVIC 20 as a 
ca lcu lator. 
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Subtraction 

If yo u type? 12-5 the Co mmodore 641 VI C 20 will 
respond with 7 as shown in Figure 4. 1. Try it. 

Multiplication 

The symbol for multiplication in BASI C is the asterisk 
(*). Thus, if you type ? 3*4 the Commodore 64 / V IC 20 
will respond wi th 12 as shown in Figure 4. 1. Try it. 

Division 

The symbol for division in BASIC is the slash (f ). 
Thus, if you type ?15/3 the Commodore 64 / V IC 20 
will respond with 5 as shown in Figure 4.1. Try it. 

Exponentiation 

The symbo l for exponent iation in BAS IC is the 
upward arrow (I). Thus, if you want to raise 2 to the 
power of 3 (2 cubed) yo u wou ld type? 213 a nd the 
Commodore 64 / V IC 20 would respond wi th 8 as 
shown in Figure 4. 1. T ry it. 

Arithmetic Expressions 

The arithmetic o perators +, -, *, I , and I can be 
combined in va rious ways in a si ngle arithmet ic 
expression. For examp le, if you type? 5+3-2 the 
Commodore 64 / V IC 20 will respond with 6. Now type 
the expression? 6+ 12/ 2 + 4. Did the Commodo re 
64 / VIC 20 display what you thought it would? 

The Commodo re 641 VIC 20 does divis ion before 
addition , so the answer is 16. That is, the ex pression is 
evaluated as 6+ ( 121 2)+ 4 = 16. 

(Not all com puter languages work th is way. For 
example, the language A PL eva luates all expressions 
from right to left. Thus, in APL the express ion you 
typed would have a va lue of 8.) 

In BASIC, arithmetic expressions a re evaluated 
according to the fo llowi ng order of precedence: 

1. all exponentiations. t , are eva luated first, 

2. a ll multiplications, *, and divisions. I , are 
evaluated next, 
3. all additions, +, and subtractions, - . are 
evaluated las t. 

Within each level of precedence, ex pressions are 
eva luated from lefllo right. Parentheses ca n be used to 
change this o rder of precedence. In this case exp rcs-
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sions within the innermost parentheses are evaluated 
first. 

Try lO evaluate each of the following arithmetic 
exp ress ions and then type them on the Commodore 
64 / V IC 20 to check your results. The a nswers are 
shown in Figure 4.2. 

? 8-3+4/ 2 

? 3*2-5+8/ 4 

? 8+ 1/ 3 

? 5+3*4/6 

? (3+4)*(6-3) 

? 20/2/ 5 

Figure 4.2 Eva luation of arithmetic expressions on the 
Commodore 641V IC 20. 

Did yo u guess the correct answer for the last one? 
Remember that the two divis ions are evaluated from 
left to right so that the co rrect result is 

and not 

1Q. = 20*5 = 50 
2/ 5 2 

If you wa nt the second result yo u can type 'I 20/ (2 / 5). 
Try it. 

Note that in the next to last example in Figure 4.2 it 
is necessa ry lO use the multiplica tion sym bol, *. 
A lth o ugh (3+4)(6- 3) is used to imp ly multiplication 
in ordi nary algebra, it does not imply mu ltiplication to 
the Commodo re 64 / V IC 20. Any time yo u want to 
multiply anything on the Commodore 641 VIC 20 you 
must use the multiplication symbol, *. 



Pi , rr 

The expo nentiation key o n the Commodore 64/ VIC 
20 has the G reek le tter pi. rr , below the symbol I. The 
va lue of rr is 3. 14159265 ... and is equa l to the rat io 
of the circumference of a circle to its diameter. The 
Co m modore 64 / V IC 20 has this useful value stored in 
its memo ry. and you ca n use it in an y expression . Fo r 
ex amp le, type ?rr a nd the Comm od o re 64/ VI C 20 will 
print t he va lue of rr (see Figure 4 .3). 

A circle of radius 5 has a circumference eq ual to 
2*5*rr. To find the va lue, type ? 2*5*rr as shown in 
Figure 4.3. 

T he a rea of a eircle of radius 5 ca n be fo und by 
typing ?rr*SI2 as shown in Figure 4.3 . 

Figure 4.3 Examples of using ri. 

NUMERI CAL VARIABLES 

We have seen tha t str ings such as "JOHN" ca n be 
stored in memo ry cells with names such as A3S. I fa 
memory cell name does nol end with a dollar sign, the 
Com mod o re 64 / VI C 20 will assume tha t the memo ry 
cell co ntains a numerical value. For exa mple, if you 
type 

A=3 
?A 

the Com modore 64/ VIC 20 will respond wi th 3 a s 
shown in F igure 4.4a. S imila rly, if you type 

A=S 
B=3 
?A*B 

the Co m modore 64/ VIC 20 will respo nd with 15 as 
shown in Figu re 4.4b. 

Note that these exa mples used the immediate mode 
of execut ion. The deferred mode of execution ca n also 
be used, as shown in F igure 4 .5. 

Figure 4.4 Numerica l va riables can be used in (a) the 
immediate mode of execution and (b) in arithmetic 
expressions. 

Figure 4.5 Use of numerica l variables in the defe rred 
mode of execu tion. 

(bl 

The rules fo r naming numerical variables are the 
same as the rules for naming string variables, exce pt 
that there is no dollar sign a t the end of the na me. That 
is, each name can contain one or two characters; the 
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first must be a let ter, wh ile the second can be a letter or 
a numeral. The following are examples of valid names 
for nu merical va riables: Q, A3, XX, AT , C2. 

As mentioned in discussions of string vaJiables, the 
Commodore 64/ VIC 20 wi ll allow yo u to type more 
than two characters for the name of a numerical 
variable. However, it looks at only the first two 
characte rs. To ve ri fy th is, try typing these stateme nts, 
as shown in Figure 4.6: 

BOX=7 

?BOB 

You must be careful if you use memory cell names 
co ntain ing more tha n two characters. 

Figure 4.6 The Commodore 64/V IC 20 uses only the 
first two characters of a memory ce ll na me. 

SCIENTIFIC NOTATION 

How many digits of a numbe r does the Commodore 
64/ VIC 20 display') Try typing ?1/3 a nd ?2/3 as shown 
in F igure 4.7. Note that nine digits are d isplayed, and 
the last 6 in 2/3 is rounded to 7. 

Figure 4.7 The Commodore 641V IC 20 displays nine 
digits and rounds the last digit. 
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What ha ppens if you type in a number containing 
ten or more digits? Try typing ?1122334455 as shown 
in Figure 4.8. Note that the Commodore 64/ VIC 20 
has rounded the number to 112233446 and then 
rewritten the number in a form that contains an E. 
This is called scienrijic notation. The number aftenhe 
E is the number of places to move the decimal point in 
o rderto obtain the correct number (1.12233446E+09= 
11 22334460). If the number after the E is positive. 
move the decimal point to the right. If the number 
after the E is negative, move the decimal point to the 
leJt. Try typing ?00123 as shown in Figure 4.8. 

Figure 4.8 Scientific notation is used by the 
Commodore 641VIC 20 for numbers greate r than 
999999999 and less than 0.01. 

The Co mmodo re 64/ VIC 20 uses scientific notation 
for numbers greater than 999999999 and less than 
0.01. You ca n use scientific notation if you want to, 
and the Co mmodore 64/ VIC 20 will convert back to 
sta ndard notation if your number is between 0.0 I and 
999999999 . Some exam ples are shown in Figure 4.9. 
Note that the Com modore 64/ VIC 20 printed 
?OVERFLOW ERROR when we tried to print 
1.8E38. It turns out that the largest number (magni­
tude) tha t the Co mmodore 64 / VIC 20 can store is 
±1.70141183E+38. If you try to store a larger number 
you will get a n overfl ow error. Also, a ny number 
between ±2.93875388E-39 wi ll be stored in the 
Commodore 64 / VIC 20 as zero. 

CONTROLLING PRINTED OUTPUT 

When you use the PRI NT statement yo u are able to 
co ntro l where o n the sc ree n the output is to be printed 
by using co mmas, semico lons, a nd the functions S PC 
a nd TAB. 



? 2.0E3 
2600 

READV. 
? .123456E4 
1234.56 

IREA[)V. 
? -7.8E5 

1

-780006 

REAI)V. 
I? 551234E-4 

55.1234 

READV. 
? 1. 8E38 

?OUERrLOW ERROR 
READY. 

Figure 4.9 You ca n use scientific notat ions in your 
programs. 

Comma 

The comma has a special meaning in BASIC. It call/IO( 

be used in the customary way to se parate groups of 
three dig its in a largc numbe r. Forexample. in BAS IC 
the number 3.526,489 must be wrillen without 
commas as 3526489. 

Try printing the number 3.526,489 wit h the co mmas 
by typing ?3,526,489 as shown in Figure 4.10. Note 
that instead of printing one number the Commodore 
64/ VIC 20 printed the (hree numbers 3, 526, and 489. 
In a PRINT statement the comma is used to move to 
the next fixed tab position. Thesc fixed tab positions 
a re located in col umns ° and I I in the VIC 20 (the 
twenty-two sc reen columns are numbered 0 through 
21). If you try to PR INT more tha n two numbers on a 
line, the extra numbers wi ll be printed on the next line. 
On the Commodore 64, the fixed tab positions a re 
located in columns 0, 10, 20, a nd 30 (the fony screen 

Figure 4.10 The comma acts li ke a tab in a PRINT 
statement. 

co lumns a rc numbered ° through 39). In this case. as 
shown in Figu re 4. 11 (cxample I). if you try to PR I NT 
more than four numbers on a line. the extra numbers 
will print on the next line. I n Figure 4.1 I , note that a 
blank spacc has been left in front of each number for 
the sign . T his can be see n more clea rly in the second 
example of Figure 4. 11. whcre so me of the numbers 
have nega ti ve signs. I f the nllmber contains more than 
sevcn digi ts on the Commodo re 64 (eight d igits on the 
VIC 20) the next tab posi tion is sk ipped . as shown 
by the third and fourth exa mples of Figure 4. 11 . One 
or marc commas can precede a number in order to sk ip 
tab po sition s, as shown in the last exa mple of 
Figure 4. 11. 

Figure 4.11 Examples of using the comma as a tab. 

The co mma ca n also be used with strings, as shown 
in Figure 4. 12. Up to ten cha racters on the VIC 20 o r 
nine characters on the Commodore 64 can be included 
in a string before a tab position is skipped prior to 
print ing a second string. St ri ngs begin printing in the 
beginning tab positio ns (col umns ° a nd lion the VIC 
20; colu mns 0, 10, 20,30 o n the Commodore 64). 

Figure 4.12 Using the comma tab with strings. 
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The com ma ca n be used in PRI NT statements to 
se parate strings from numerical variables , as shown in 
Figure 4.13. Note that after the st ring"A= " is printed, 
t he comma causes a ta b to column 10 ( li on the VIC 
20) before the value of A, 3, is printed. This gap can be 
eliminated by using a semico lon instead of a comma . 

Figure 4.13 Us ing the comma to separate st ri ngs and 
numerical va riables. 

Semicolon 

If numerical va lues are sepa ra ted by semicolo ns 
instead of commas, then only a single space (plus a 
space fo r the sign) is inserted afte r each value, as 
shown in Figure 4. 14. Commas a nd se micolo ns can be 
mixed in a single PRI NT statement. 

When used with strings, the semicolon leaves no 
bla nk spaces between two str ings, as shown in Figu re 
4. 15. When combining str ings a nd nu merica l val ues, 
the semicolon can be used to elimina te unsight ly gaps 
as shown in Figure 4.1 6a . Note that if the val ue of A is 
negative, you may wa nt to include a bla nk spacea t the 

Figure 4.1 4 Usin g the semico lon to sepa rate numerical 
va lues. 
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end of the string, as in line 30 of Figure 4. 16b. The use 
of the semicolon with str ings containi ng graphic 
characte rs simplifies the process of creating la rge r 
graph ic figures. Th is process will be described in detail 
later in this chapter. 

Figure 4.15 The sem icolon leaves no blank spaces 
between stri ngs. 

Figure 4.16 Using the semicolon to sepa rate strings 
and numerical va riables. 

LI ST 

10 A=-3 
29 PRIN T "A=";A 
30 PRIHT "THE VALUE or II IS ";A 
READY. 
RUH 
A=-3 
THE VALUE or A IS -j 

READY. 

('1 

(bl 



SPC 

The function S PC(X) ca n be used in a PRI NT 
statement to move the cursor X spaces to the right. The 
va lue of X must be between 0 and 255. If the curso r 
reaches the end of a line, it will co nt inue at the 
beginning of the next line. 

As an example. suppose you wa nt to print the word 
HELLO in reverse video near the center of the screen. 
The program shown in Figure 4. 17 will do this. The 
st ring 0$ contains tcn "cursor dow n" characters. The 
first string in the P R I NT statement contains the "c lea r 
screen" cha racter. Thus. the PRINT statement first 
clears the screen, then moves the cursor tcn lines down 
the screen, then sk ips fiftee n spaces using the function 
SPC(15), then prints HELLO in reverse video, a nd 
finally moves the cursor ten more lines down the 
screen . This causes the READY message to a ppea r 
near the bottom of the screen . Note that the semicolon 
must be used between items in the PRINT sta tement in 
order to keep the cursor a t its ending locatio n after 
each item is processed. 

Figure 4.17 The function SPC(15) will sk ip 15 spaces. 

lal 10 Itl:=" lU~Ie1!!l~I~I~m~I'I " 

(bl 

20 PR I I'H 11:1" ; D$ .. ~; PC ( 15) I I' ~I1ELLO !!! " j Itt 

REt,It',' . 

TAB 

While the comma ca n be used to tab to the next fixed 
tab position o n a line (0. 10.20.30 / 0, 11 ). the TAB 
funct ion ca n be used to lab to any position on a line. 
For examp le. TA B( 15) will move thc cursor to colum n 
15 (the sixteen th positi on) on the line. IfS PC( 15) in 
Figure 4.1 7 is rcp laced wit h TA B( I 5). the program will 
produce the same result. 

Howeve r. S PC and TAB do not a lways produce the 
same result. You can see the difference in Figure 4.1 H, 

The fun ctio n S PC( 10) ski ps ten spaces after the st ring 
" 1979". On the other hand the function TAB( IO) 
moves the cursor to co lum n 10. 

When using the function TAB(X) the va lue of X 
must be between 0 a nd 255. If the val ue of X is less than 
the position of the cu rso r on the line at the time of 
execution, the TAB function is ignored . 

Figure 4.18 SPC and TAB will , in general, prod uce 
different results. 

MORE GRAPHICS 

T he use of string variables and the sem icolon in a 
PR I NT sta tement make it easy to draw larger graph ic 
figures. For exam ple. su ppose that AS is a string 
consist ing o f ten repetitions of the left graphic symbol 
on thc B key. A lso let BS be a stri ng consis ting of one 
"cursor down" and ten "cursor left" moves. Then a 
checkerboard pattern can be generated by the state­
me nt PRINT AS;BS;AS;BS;AS;BS;AS as shown in 
Figure 4. 19. Note that st ri ng variab les, including those 
dcrincd to rep resent st rings of g raph ics cha racte rs a nd 
curso r moves, can be used more than once in a PR I NT 
statement. Note also that the st ring va riab les in the 

Figure 4.19 Forming graphic figures using mu ltiple 
string va riab les. 

LI ST 

10 AS -"· .. •• ~~. 
20 BS:;;""'," • I" 
30 PIHK"" AS ' . A . BS ' AS ' BS ' AS 
READY. """ 
RUN 

'n.~ ~ : 
.. m 

I • ••• 
READY . 
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PRI NT statement are sepa rated by semicolons. T his is 
required so that each successive string will pick up 
where the previous one left off. 

A seco nd example of drawing a graphic figure is 
shown in Figure 4.20, where a three-dimensional T is 
displayed. The str ings 83S. B65, and B9S are cursor 
move strings containing one "cursor down" and three. 
six. and nine "cursor left" moves, respectively. Line 60 
draws the top of the T and line 70 draws the vertica l 
pOSt of the T. 

Figure 4.20 Program for drawing a three-dimensiona l T. 

A third example of drawing a graphic figure is 
shown in Figure 4.21. The st rings BS and B7S arc 
cursor move strings containing one "cursor down" and 
eighteen and seven "cursor left" moves. respectively. 
The strings A I Sand A2S contain the graphic 
characters for the top a nd bottom of the frame. The 

Figure 4.21 Example of character graphics. 

30 

string A3$ contains the g raphic characters required to 
draw a single triangular element on the left side of the 
frame. This string is ca lled four times in the PRI NT 
statement in line 70 in order to draw the leJI side of the 
frame from lOp 10 bOIlOI11. The string A4$ contains the 
graphic characters required to draw a single triangular 
element on the right side of the frame. Th is str ing is 
called four times in the PRINT statement in line 70 in 
order to draw the right side of the frame from boltom 
10 lOp. The PR INT statement in line 70 draws the 

Figure 4.22 Graphic figures for Exercise 4-1. 



entire frame in the following orde r: lOp, left side , 
bOllom , right side. The wo rd s THE VIC are printed by 
line 80. 

EXERCISE 4-1 
Write programs to draw the graphic figures shown in 
Figure 4.22. Answers are in the back of the book. 

EXERCISE 4-2 
Write programs to draw the four playing ca rd s shown 
in Figure 4,23. Answers are give n in the back of the 
book. 

Figure 4.23 Playing card graphic fjgures for Exercise 
4-2. 

SOME BUILT-IN FUNCTIONS 

The Commodore 64 / VIC 20 has a number of built-in 
arithmetic functions that simpli fy many calculations. 
You may wish to igno re the descriptions of these 
functions until you actually need to use them. 

Square Root 

The square root ora J1umbcrcan be found by using the 
BAS IC function SQR(X) where X is a non-negative 
number. For exam ple. to find the square root of 16. 
type ?SQR(I6) as shown in F igure 4.24a. To find the 
hypotenuse. R. o f the right triangle shown in Figure 
4.25. yo u co uld usc the program in Figure 4.24b. 

Figure 4.24 Use of the square root fu nction , SQR. 

The Functions ABS, INT, and SGN 

T he absolute va lue of a Il umber is the magnitude of a 
number without regard to its sign. The absolute va lue 
of a number X ca n be found by using the built-in 
function ABS(X). Thus, for example. if X=-7, then 
the va lue of ABS(X) wi ll be 7. 

31 

lal 

Ibl 



R= V X' + Y' Y=4 

X=3 
Figure 4.25 Finding the hypotenuse of a right triangle. 

The va lue of the fu ncti on INT(X) is equa l to the 
ill/eger parr of X. Thus, if X=3.25 then INT(X) is 
eq ual to 3. When com put ing INT(X) the Commodore 
64/ V IC 20 will round to the next 10IVer IVhole signed 
number. Thus, if X= - 3.25 then the value of INT(X) 
will be - 4. 

The function SG (X) can be used to determine the 
sign of a number. It can have the following three 
values: 

{

+ I if X>O 
SG '(X) = 0 if X=O 

- I if X<O 

Examples using ABS, INT, and SGN are shown in 
Figure 4.26. 

Jiffies and the Time of Day 

Try typing ?TI and then type it again. The Co m­
modore 64 / VIC 20 will display two different numbers, 
such as those shown in Figure 4.27. (Your numbers 

Figure 4.26 Examples of fi nd ing the absolute va lue, 
ABS, the integer part, INT, and the sign, SGN, of a 
number. 
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Figure 4.27 The variable TI contains the number of 
jiffies (1 /60 second) that have passed since power was 
turned on. 

will be different from those shown in the figure .) The 
Commodore 64/ VIC 20 keeps track of the time that 
has elapsed since you turned on its power. The variable 
TI will always contain the number of jiffies (I jiffy = 
1/ 60 second) that have passed since power to the 
Commodore 64/ VIC 20 was turned on. 

You can use the variable T I if you want to see how 
long a particular program (or part of a program) takes 
to run. For example, to see how long it takes to print 
the T in Figure 4.20, add the following statements to 

the program in Figure 4.20: 

5 A=TI 

80 B=TI 

90 J=B-A 

110 PRINT "THE NUMBER OF JIFFIES IS"; J 

120 PRINT "THE NUMBER OF SECONDS IS": 
J / 60 

The result of running this new program is shown in 
Figure 4.28. 

Figure 4.28 Counting the number of jiffies during the 
drawing of the T. 



Statement 5 will store in memory cell A the value of 
TI when the program begins. Statement 80 will store in 
memory cell B the value of TI after the T has been 
drawn. The difference B-A is then equal to the 
number of jiffies that have occurred between lines 5 
and 80. This value is stored in memory cell J by line 90 
and printed on the screen by line 110. The equivalent 
number of seco nds is printed on the scren by line 120. 

The Commodore 64/ VIC 20 uses these jiffies to 
keep track of the number of hours , minutes, and 
seconds that have elapsed since power was turned on. 
These numbers are contained in the st ring TIS. Try 
typing ?TIS (typing ?TIMES will produce the same 
result). You will get a result similar to that shown in 
Figure 4.29. The first two digits are the hours, the 
second two digits are the minutes, and the last two 
digits are the seconds. 

You can change the value stored in TIS to 
correspond to the correct time, after which the 
Commodore 64/ VIC 20 will keep time for you. For 
example, if it is II :26: 13 , then you would type 
TIS="1l2613". When you press RETURN, the Com­
modore 64/ VIC 20 will start keeping time from this 
value. Whenever you want to know what time it is, just 
type ?TIS (see Figure 4.29). 

Figure 4.29 Setting Commodore 64IV IC 20's clock. 

Random Numbers 

In many programs, particularly game programs. it is 
useful to be able to generate random numbers. These 
can then be used to simulate deal ing cards, rolling 
dice, or creating other unpredictable results. BASIC 
has a built-in function ca lled RND that makes 
generating rand om numbers easy. 

Type the following program and run it twice. as 
shown in Figure 4.30: 

10 ?RND(I) 

20 ?RND(I) 

30 ?RND(I) 

Figure 4.30 The fu nction RNO(l ) produces a random 
number between 0 and 1. 

The function RND(X) will return a pseudorandom 
number between 0 and I ifthe argument X is a positive 
number. (It d oes not matter what the positive value is. 
We will use I.) This seems to be happening in Figure 
4.30. Each time RND(I) is called, it produces a 
different number between 0 and I. However, if you 
turn your Commodore 64 / VIC 20 off and then back 
on and rerun the program in Figure 4.30, you will 
obtain the same set of "random" numbers . This is 
because the function RND uses a "seed" that deter­
mines the initial random number to be generated. This 
"seed" is set to the same value each time the 
Commodore 64/ VIC 20 is turned on . Therefore, the 
first time you call RND( I) after the Commodore 
64/ VIC 20 is turned on, you will always get the same 
"random" number. 

In order to change the "seed ." you can call the RND 
function with a negative argument. For example, if 
you add the statement 5 X=RND(-I) to this 
program, you will generate a different sequence of 
random numbers. However, this statement will always 
ge nerate the same sequence of numbers, as shown in 
Figure 4.31. 

A different negative argument will produce a 
different seed and therefore a different ra ndom 
sequence, as shown in Figure 4.32. 

Thus, if you know which negative number is used in 
R 0(- X) you wi ll , in principle, know what sequence 
of "random" numbers will follow. One good way to 
make the selection of a seed more truly random is to 
use the "jiffy" variable as the value for the negative 
number. Thus, if you change line 5 to 5 X=RND(-TI) 
then each time you fun the program you will generate a 
completely different sequence of random numbers. as 
shown in Figure 4.33. 
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Figure 4.31 The fu nct io n RND(- l ) prod uces a 
particu lar seed . 

Figure 4.32 The function RND(- 2) produces a 
di fferent seed. 

Figure 4.33 Using RND(-TI) to produ ce a seed will 
generate different sequences of random numbers. 
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Trigonometric Functions 

The Co mmodo re 64/ VI C 20 contains the following 
built-in trigonometric functions: 

Function 

SIN (X) 
COS(X) 
TAN (X) 
ATN(Y) 

Value of Function 

sine of X 
cosine of X 
tangent of X 
arc tangent of Y 

In the above ex pressions. X is a numeric constant, 
variable, or ex pression that represents the value of an 
a ngle in radians. T he value o f ATN(Y) is expressed in 
radians in the range ± 1.57, and Y is a numeric 
constant. variable. or expression. 

The definiti o n of a radian is shown in Figure 4.34. 
To convert degrees to radia ns, multiply the number of 
degrees by IT 1180. Exa mples o f using the trigono­
metric functi ons are shown in Figure 4.35. 

5 radians 
R 

1 rcdian engle ior which 5 

57 .3 degrees 

7j radians 180 degrees 

;-r ~ 3. ; 4159265 ... 

Figure 4.34 Defini tion of a radia n. 

Figure 4.35 Examp les of using th e trigonometric 
fun ctions SIN, CO S, TAN, and ATN. 

Natural Logarithms and the Exponential Function * 

Co nsider the eq uati o n: 

y = b-~ 

- This section rnay be skipped wit hout loss of con tinu it y_ 
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In this expression x is ca lled the logarithm ofy to the 
base b and is written 

x;;;;;: 10gb Y 

I[the base b is equal to e=2. 7 1828 1 ... we say tha t I' 
is the exponential func ti o n y;;;;;: e and x is the natura l 
loga rith m o[ 1': 

x = In I' 

In BAS IC e' ca n be com puted using the [unction 
EXP(X). and In x can be co mputed using the [unction 
LOG(X). 

The fo llowing pro pert ies of logari thms a re 
trated in the exam ples shown in Figure 4.36: 

LOG(A *B)= LOG(A)+ LOG(B) 

LOG(A / B)= LOG(A)- LOG (B) 

LOG(At K)= K*LOG(A) 

'2.48498665 

E/IDY. 
· l06(3 )+l06(4) 
2.48498665 

READY. 
· L06(9/2) 
i.5848174 

REIIDY. 
· L06(9)-106(2) 
1.5848114 

ERDY. 
? l06(2. 5t3) 
2.7488122 

[/IDY. 
? 3*1..06(2 .5) 
2.7488722 

Figure 4.36 Illust rating prope rties of logarithms. 

illu, -

\Vhen the rate al wh ich a quantity grows IS 

proport ional to the amoUJu of the quantity then we 
have exponential growth. T he amount of money in a 
savings account on wh ich inte rest is co mpounded 
continually grows expo nentia lly. Thus D dollars 
invested at P percent annua l interest, co mpou nded 
co ntinually, will yield X dollars a[tcr T years wherc: 

X;;;;;: D el'T 100 

For exa mple. to find the a mount o f money you wou ld 
earn in seve n yea rs by inves ti ng S3000 at 9.5% interest. 
compo unded continually, type? 3000*EXP(9.S*7/ 100) 
as shown in Figure 4.37. 

No te that the a nswer is mo re tha n S5833, or almost 
double your o rigi nal investment. A characteris tic of 
ex ponential g rowth is a co nsta nt doub ling lime Td . 

From the above equation [or X we see that X will be 
equal to 20 in the time Td where: 

Figure 4.37 Examples re la ted to the exponentia l 
function. 

or 

Tak ing the natural 10gClrithm o f both sides o f this 
cq ua tion a nd using the third propcrty of logarithms 
illustra ted in Figure 4.36, wc obtai n 

In(2) = PTJ/ IOO In(e) 
= PTJ/ IOO 

o r 

100 In(2) 
P 

Note that In(e) = I. (Try typi ng ? LOG(2.718281).) 
In order to see how lo ng this doubling timc is type 

?I OO *LOG(2)as shown in Fig ure 4 .37. We sec that the 
d o ubling rime is approx imatc ly 70 d ivided by the 
pe rcentage growth rate. o r 

TJ = 70 P 

Th us. [or example. a 10l"i inna ti o n rate will d o uble 
prices eve ry seven years. 

USER-DEFINED FUNCTIONS 

Somctimes it is con ve nient to bc able to dcfin e yo ur 
own BAS IC function. For exa m pic, suppose yo u want 
to calculate the a rea of a c irc le for diffe rent va lucs o f 
the circ le radius. You ca n dcri ne a function FNA (R) 
that is equal to t he a rea o f a c irc le of radius R usi ng the 
DEF F N (define fun c ti o n) s ta tement as foll ows : 
10 DEF FNA(R)=1T*Rt 2. Late r in the program a ny 
re[ere nce 10 the [u ncti o n F NA( R) will cause the 
ex pressio n 7T * RI2 to be calculated. For examplc. the 
statement 20 PRINT FNA(3), FNA(S) will print t he 
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Figure 4.38 The defin ed functio n FNA(R) computes 
the area of a circle of radius R. 

arcas of circles of radius 3 a nd 5. This example is 
shown in Figurc 4.38. 

The general form of the define function statement 
is: 

OEF FNname(arg)=cxpression. 

The name can be any val id variab le name (one or two 
characters) and the expression can be any arithmetic 
ex press ion containing numeric constants and va ri­
ables. Only o ne argument (arg) can be passed to the 
uscr·defined function. T he defining expressio n may, 
ho weve r, co ntain previously defined functions. For 
examp le. the two statements: 
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10 DEF FNY2(Y)= Yt2 

20 DEF FNH(X)= SQR(XIH FNY2(Y)) 

wi ll define the func t io n FN H(X) to be cqual to the 
hypoten use ofa right tr iangle with sid es X and Y. (See 
Figures 4.24 and 4.25 .) If you add the sta tements: 

30 X=3:Y= 4 

40 PRI NT FNH(X) 

a nd run the p rogram, the Commodo re 64/ V IC 20 wi ll 
pri nt the number 5 (5 =V312 + 41 2). 

EXERC ISE 4-3 
Let the var iables A. B,C, a nd 0 have the following 
val ues: A=2, B=3, C= 4, 0=5. Use the Commodore 
64/ VIC 20 to evaluate the follo wing expressions. The 
answers arc given in the answer section at the end of 
the book. 

a. X = (A- g)0.5 
_ A(B-C) 

b. Z - O(B"- I) 

Y = (A+B) 
c. C( O-A) 

d. R = ..;"( A"'-+'-'B"'") /77( O""--A7'7) 

e. 5 = 



ENTERING DATA 
LEARNIN 

In earlier chapters of this book you lea rned how to use 
the PRINT sta tement to make the Commodore 
64/ VIC 20 produce various form s of data on the 
screen. In this chapter you will learn how to make the 
Commodore 64/ V IC 20 accept various forms of data 
that you type o n the keyboard. You do this by using 
the INPUT statement in a BASIC program. You will 
learn how to use this I N PUT sta tement by stud ying the 
following sample programs: 

I. add two numbers 

2. compute the area of a rectangle 

3. compute the area of a circle 

4. ca lcula te gas mileage 

5. draw custom checkerboard patterns. 

THE INPUT STATEMENT 

The IN PUT statement ca n be used only in the deferred 
mode of execution . The following are some va lid 
forms of the INPUT statement: 

10 INPUT R 

10 INPUT A,S 

10 INPUT "ENTER 3 VALUES";X,Y,Z 

10 INPUT AS 

HE KEYBOARD: 
INPUT 

When the first of these INPUT statements is 
executed, the Commodore 64/ V IC 20 will print a 
question mark and then wait for you to enter so me 
numerical va lue from the keyboa rd. When you press 
the RETURN key, the va lue that you typed on the 
screen wi ll be stored in the memory cell R. The next 
stateme nt in the BAS IC program will then be 
executed. 

When the second I I PUT statement is executed , the 
Commodore 64/ V IC 20 will expect you to enter /IVO 

numerica l values, separa ted by a comma. If you press 
R ETU R N after ente ring only one value. the Commo­
dore 64 / VIC 20 will print a double question mark a nd 
wa it for you to ente r the seco nd value. These two 
values wi ll then be slo red in the two memo ry cell s A 
and B. 

The thi rd form of the IN P UT statement shown will 
print the message ENTER 3 VALUES followed by a 
question mark. The Commodore 64 / VIC 20 will then 
wait for you to emc r three values separated by 
commas. These three values wi ll then be slOred in the 
three memory ce lls X.Y, and Z. If someone e lse (t he 
user) will be entering data, the program should always 
prompt the user so that he or she will know when to 
enter data. This can e ither be done as shown in this 
example or by using a PR INT statement just before 
the INPUT statement. 
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The fourth form of the INPUT statement shown 
above will store whatever you type on the screen in the 
str ing va riable AS. You do not need to type the 
quotati on marks when entering a string with the 
IN PUT statement unless you are entering some curso r 
move, co lor. or reverse video characters. or a str ing 
conta ining e ither b\anks paces at the ends or a com ma . 

The use of the INP UT statement will be illustrated 
in the following fi ve programs. 

SUM OF TWO NUMBERS 

Figure 5. 1 showsa listing and sa mple run of a program 
that will add two numbers ente red from the keyboa rd 
and display the sum. Type in this program and run it. 

Li ne 20 print s the message ENTER 2 NUMBERS 
SEPARATED BY A COMMA. Line 30 prints a 
question ma rk on the next line and then waits fo r yo u 
to enter two numbers. In the firs t exa mple (afte r R UN) 
the two numbers 5 and 9 were entered from the 
key board . Line 40 then prints the value sto red in A (5) 
fo llowed by a plus sign. fo llowed by the va lue sto red in 
B (9). followed by a n equa l sign. followed by the su m 
A+ B ( 14), Line 50 is a PR INT statement with nothing 
following the word PR I:-.IT. The only purpose of this 
stat ement is {Q skip a line on the scree n. Line 60 causes 
the program to branch back to line 20. which asks fo r 
an other two numbers to be en tered . 

In the seco nd example the va lue 8 is entered for the 
firs t number. Butthen the RETUR N key was pressed. 
Note that the response is a doub le questio n mark 
ask ing yo u to enter the seco nd number. In this 
example -3 was then entered . 

This program will con tinue toask yo u for two mo re 
numbers. How ca n yo u stop the program? You will 
find t he STOP key does 1101 respolld wh ile the I N PUT 
statement is displaying the questi on mark and wait ing 

Figure 5.1 Sample program to add two numbers. 

1ST 
8 REM PROGRAM TO ADD TWO NUMBERS 
8'PRINT "EIITER 2 NUMBERS SEPARATED BY 
COMMA" 
8 INPUT A,B 

48 PRINT Ai" + "iBi" = lIiA+B 
8 PRINT 

S8 GOTO 28 
READY. 
RUII 

NTER 2 NUMBERS SEPARATED BY A CO~ 
, 5,9 
5 + 9 = 14 

EIITER 2 NUMBERS SEPARATED BY A COMMA 
? 8 
?? -3 

8 + -3 = 5 

EIITER 2 NUMBERS SEPARATED BY A COMMA 
? • 

38 

for yo u to enter data. The only way to end a program 
during an INPUT statement is to hold down the 
RUN / STOP key and press RESTORE. In general, 
this will have the side effect of clearing the screen. 

Try experimenting with thi s program to see how it 
behaves. Stud y the program carefully and make sure 
you understand what every statement does. 

AREA OF A RECTANGLE 

Figure 5.2 shows the listi ng and a sa mple run of a 
program that computes the area of a rectangle, where 
the length a nd width are entered from the keyboa rd. 
Type in this program and run it. 

The ma in difference between this program and the 
previous one is that the prompt message is includ ed in 
the I N PUT statement in line 30. When this is done, the 
question mark and the blinki ng cu rsor remain o n the 
same line as the message. Thus, you normally enter the 
data on the same line as the prompting message. 

Howeve r, there is a problem with the Com modore 
64 VIC 20 in this regard. When the prom pt message 
is over one linewidth in length (22 characters on the 
VIC 20: 40 characters on the Commodore 64) . the 
computer does not properly read the data you type in if 
the data is displa yed on the same lineas the last pa rt of 
the prompt message. Instead. it gives the error 
message: ?REDO FROM START. There is appar­
ent lya "hug" in the CBM software that causes this. 
One way to deal with the problem, whenever the 
ques ti on mark and prompt message are displayed. is to 
enter a "c urso r down" key just before you enter the 
data ca lled for. Then, the da ta will be displayed onlhe 
line/ul/uwing the prompt message. There, the Commo­
do re 641 VIC 20 seems to be able to read it okay. This 
practice was followed throughout the exa mples in this 
book. 

Figure 5.2 Sample program to calcu late the area of a 
rectangle. 

LIST 
8 REM PROGRAM TO COMPUTE THE AREA 

28 REM or A RECTANGLE 
8 INPUT "ENTER THE 2 SIDES or A RECTA" 

LE" ' X Y 
40 ~Rt"T "THE AREA or A RECTANGLE WITH 
IDES" 
8 PRIIIT X;"AND ";Y;" IS EQUAL TO";X*Y 

SO PRIIIT 
70 GOTO 30 
READY. 
RUII 
ENTER THE 2 SIDES or A RECTANGLE? 4,5 
THE AREA or A RECTANGLE WITH SIDES 

4 AND 5 IS EQUAL TO 20 
ENTER THE 2 SIDES or A RECTAIIGLE? S, 
THE AREA 'or A RECTAIIGLE WITH SIDES 

SAND 0 IS EQUAL TO 0 
EIITER THE 2 SIDES or A RECTAIIGLE? • 



Note in the second exa mple of Figure 5.2 tha t the 
RET U RN key was pressed afte rthe comma was typed. 
Whe n this is done. the Com modore 64/ VIC 20 ass igns 
a value o f zero to the numerical va riable Y. 

AREA OF A CIRCLE 

T he area of a circle o f radi us r is g iven by 
, 

area = rrr-

Figure 5.3 sho ws the listi ng a nd a sample run o f a 
program that computes the area of a circle whose 
radius is entered fro m t he keyboa rd. T ype in th is 

program and ru n it. 
T his progra m shows that the PRI NT sta te me nt in 

line 20 and the IN P UT statement in line 30 be ha ve t he 
same way as the single sta tement 

30 INPUT " ENTER THE RADIUS OF A 
CIRCLE";R 

That is. the question ma rk a nd b linking curso r arc 
d isp la yed on the same line a s t he message . This is 
because the PR INT statement in li ne 20 ends with a 
semicolon. which alwa ys leaves the cursor a t its 
c urrent positio n. Whe n a PR INT s ta teme nt docs no t 
e nd wit h a ny pU l1clUat ion, the equiva le nt o f a 
R ETU R N is inserted at the end of t he print state me nt. 

Line 35 ca lcu la tes the area of t he c irc le. Recall tha t 
7f is equa l to 3. 14 159265. 

Note that in t he second example two va lues. 6 a nd 3, 
were ente red . But t he Co mmodo re 64/ VIC 20 was 
expecting o nly one valuc . It therefore used o nly t he 
first va lue (6) a nd pri n ted the warning message 

?EXTRA IGNORED. 
In the th ird example a val ue o f 2.5E19 was ente red . 

But this res ults in a va lue of the area A that is la rge r 
than 1.7£38 and the refo re the message ?OVERFLOW 

Figure 5.3 Sample program to calcu late the area of a 
circle . 

18 REM PROGRAM TO COMPUTE THE AREA or A 
CIRCLE . 
28 PRINT "ENTER THE RADIUS or A CIRCLE' 

8 INPUT R 
35 A; ..... Rt2 
48 PRINT "THE AREA or THE CIRCLE IS";A 
58 PRINT 
60 GOTO 20 
READY. 
RUN 
ENTER THE RADIUS or A CIRCLE? 35.2 
THE AREA or THE CIRCLE IS 3892 . 55897 
ENTER THE RADIUS or A CIRCLE? 6,3 
?EXTRA IGNORED 
THE AREA or THE CIRCLE IS 113.097336 
ENTER THE RADIUS or A CIRCLE? 2.5E19 
.0UERFlOW ERROR IN 35 
READY. 

E RR OR IN 35 is p r inted. indica ting that t he overflow 
occurred in the calculation of the a rea A . (See Figure 
4.9 fo r a n exa m ple of ove rflow error. ) 

GAS M ILEAGE 

The progra m shown in Figu re 5.4 co mpu tes gas 
mi leage in m iles pe r ga llo n. T he read ing of t he 
dash board odomete r (t he device tha t displays the 
m ileage) a t the las t fill-up is sto red in memory cell M I 
by li ne 25. The odo me te r read ing a t the present fill -up 
is stored in memory cell M 2 by line 35 . T he nu mbe r o f 
ga llons it takes to fill the ta nk is sto red in me mory cell 
G by line 45. The to ta l nu m ber o f m iles traveled s ince 
the las t fill -up is equa l to M 2-M I. T he re fo re t he 
numbe r o f m iles pe r ga ll o n is g ive n by ( M2-M I )/ G . 
T his is ca lc ula ted by line 50 a nd sto red in the memo ry 
ce ll M PG. It is pri nted on the sc reen by line 60. li ne 70 
skips a line. a nd line 80 bra nches back to li ne 20 to run 
the progra m aga in . 

Figure 5.4 Program fo r computing gas m ileage. 

1£1 REr·l OA,,: r'1J LEAI3E I'·PUCiRA I·1 
213 PR WT "Et·nER PRE'·.·' lOUS ODOr·1ETEP RE AD H1Ci " 
25 I HPUT I'll 
30 PR I m "EfnER t·1E;1 ODor'lETEI': READI HCi " 
35 H1PUT P12 
40 PR l tH " EHTEI< ORLLCtfl~: :3 HKE LRST FILLUP" 
45 HlF'UT (i 
5 '21 r1PG=(t'12- t'11 ) / C; 
613 PRI tH "OA:3 rH LAOE : " .: r'lPG, " r·lI LES/ GAL. " 
70 PF: n n 
8121 GOlO 20 

READ',> . 

A sa mple ru n is sho wn in Figure S.5a. T he a nswe r is 
pr inted a s 19.556962 M I LES/ G A L. T his answer 
contains ma ny mo re digi ts afte r the d ecima l point [han 
a re mea ningful. It pro ba bly makes se nse to comp ute 
t he miles pe r gallon o nly to t he nea resl lc nth. H ow ca n 
we have t he Com modo re 64/ VIC 20 d isplay the miles 
pe r gallo n to t he nea res t te nth? The foll owing s te ps wi ll 
d o it : 

I. M ult iply t hc p rese nt val ue by 10 
19.556962X 10 = 195.56962 

2. Ad d 0.5 
195.56962+0.5 = 196.06962 

3. Take the integer pan of the result 
I NT( 196.06962) = 196 

4. Divide by 10 
196/ 10 = 19.6 

A lth o ugh t his ma y loo k co mp licated , it can a l\ be 
d one with this sillMle BAS IC stateme nt : 

55 M P G=I NT( M I'G* IO+0.5)/I 0. 
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la) 

Ibl 

Note that the result is stored in th e mcmory cell MPG . 
Th crefore. if you add this statement to the program 
shown in Figure 5.4 and run the program with the 
same values lI sed in Figure S. 5a. the result will be as 
shown in Figu re 5.5b. 

"~ER PREUIOUS ODOMETER READING 
· 12345 
"TER "EW ODOMETER READING 

· 12654 
ENTER GALLONS SINCE LAST FILLUP 
· 15.8 

AS MILAGE: 19.556962 MILES/GAL. 

"TER PREUIOUS ODOMETER READING •• 

"~ER PREUIOUS ODOMETER READING 
· 12345 
"TER NEW ODOMETER READING 

· 12654 
NTER GALLONS SINCE LAST FILLUP 

· 15.8 
AS MILAGE: 19.6 MILES/GAL. 
"TER PREUIOUS ODOMETER READING •• 

Figure 5.5 Sample runs of gas mileage program. 

CUSTOM CHECKERBOARD PATTERNS 

The previous examp les in this chapter have used the 
INPUT statement to enter numerical data into the 
Commodore 64 j VIC 20. The program described in 
th is secti on will use the INPUT statement to enter 
s'rings into the Commodore 64 / V IC 20 . I n particular , 
the program will disp lay an 8 X 8 chec kerboard pattern 
made up of any two characters. including graphic 
characters. The program is shown in Figure 5.6. Type 
in thi s program and run it. A samp le ru n of the 
progra m is shown in Figure 5. 7. 

Line 20 is an INPUT statemcnt that asks you to 
enter two graphic characters that it will storc in 
memory cells AS and BS. (Yo u must sepa rate the 
characters by a comma as usual.) Every other line in 

40 

Figure 5.6 Program to display an 8 X 8 custom 
checkerboa rd pattern. 

10 REt'1 CU ~;TOt'1 CHECKERBDARD PATTERHt; 
20 It-IF'UT "E), TE~: 2 GRAPH I C ChAPACTEPS ", FI .t, £$ 
:30 Ct=A,t.+Bt 
40 Itt=B$-t·At 
5@ R1$=C$+C$+C$+C$ 
60 R2$=Dt+D$+D:t+D:t 
65 PR HH 
70 PR I I-H I" 1$ ' F'R II-H F:2$ ' PF: II-jT R U : PR I I-H F.:2$ 
80 PR ItH F: 1$ . PI" I HI F:2$ : P~: nn R 1$ : F'R II-H 1"2$ 
9':' PR I HT 
-10121 GOTO 2t1 

Figure 5.7 Sample run of the program in Figure S.6. 

the checkerboa rd pattern will begin with the AS 
character. and the remaini ng lines will begin with the 
BS characte r. For this reason lines 30 and 40 define 
two new stri ng variables CS a nd OS that each contain 
the two characte rs AS and B$. The string CS starts 
with AS a nd the string 0 $ starts wi th BS. The 
meanings of these str ings are shown in Figure 5.8, 
where the strings CS and OS a re p rinted afte r running 
the program shown in Figure 5.6. T he st ring AS 
contai ns the left graphic character on the + sign key, 
and the string BS conta ins the righ t g ra phic character 
on the V key.* 

Lines 50 and 60 in Figure 5.6 define new strings R IS 
and R2S that contain fo ur copies of CS a nd OS, 
respectively. The meanings of these two strings are 
also shown in Figure 5.8. You can see from the 
appearance of R I Sand R25 in Figure 5.8 that every 
other line in the checkerboa rd pattern sho uld be the 
string R IS, a nd the rema ining lines should be the 
stri ng R2S. Lines 70 and 80 print eight lines, 

· On the VIC 20.lhc fo nnercha racter has twice as ma ny dots and th l.: 
lauer has thin ner legs . Thus. they "look" somewha t different than 
Figures 5.7 and 5.8 . 



Figure 5.8 Illustrating the meaning of A$, B$, CS, D$, 
Rl$, and R2$. 

Figure 5.9 Using characters with reverse video in the 
program shown in Figure 5.6. 

alternating R I Sand R2S. Note that we have included 
four PRINT statements on each of two lines only for 
convenience. We cou ld have written the PRINT 
statements on eight different lines. 

If you want to lISC reve rse video with any of your 
graph ic characte rs. then you must enter the data using 
quotation marks. as illustrated in the sa mple runs 
shown in Figure 5.9. 

As yo u ca n see. you can make many different 
checkerboa rd patterns with this program. Some 
choices of graphic characters will p roduce unexpected 
results. You should try lots of different combinations. 
Try the two right characters on the 0 and P keys. Also 
use the left character on the B key twice. You should be 
ab le to fin d dozens of othe r in terest ing combinati ons. 

EXERCISE 5-1 
Run the checkerboa rd program shown in Figure 5.6 
using: 

a . the two right graphic characters on the 0 and P 
keys 

b. the left graphic character on the B key twice. 

EXERC ISE 5-2 
Write a program that \vill ask the user to enter his or 
her name. street address. and city, state. and zip code. 
The program should then display the name and 
address on the screen. 

EXERC ISE 5-3 
The temperature in degrees Celsius (0C) is related to 
the temperature in degrees Fahrenheit (0 F) by the 
formula: 

OC=~(OF-32) 

Write a program that will accept a temperature in 0 F 
entered from the keyboard and print on the screen the 
temperature in both ° F and 0c. 
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MAK 
LEARNIN 

All of the progra ms that we have written so far have 
co nsisted of a simple seq uence of instruct ions. The 
Co mm odore 64/ V IC 20 si mpl y docs what it is told and 
executes one statement after anot her. However, t he 
thing that makes co mpute rs appea r to be smart is the ir 
abi li ty to make d ecisions. T he prima ry decision­
making statement in CBM BAS IC is tile I F ... T H EN 
statement. This statement allows the Commodo re 
64/ VIC 20 to bra nch to one of two poss ible state­
ments. depending upon the t ruth or falsity of a 
particular logica l ex pression . A log ical expression is 
an ex pression that can be e ither true o r false. 

In th is chapte r you wi ll learn: 

I. to use the IF ... THEN statement to mak e sim ple 
cho ices 

2. the mea ning of the Co mmodore 64 / V IC 20's 
re lationa l o pe ra to rs 

3. the meaning of the Co mm odore 64 / VIC 20's 
logica l ope rato rs 

4. about the i/ .. fllen. .. else st atCI11CIH , Oowcha rts, 
and structured noweharts. 

THE IF .. . THEN STATEMENT 

T he IF ... THEN sta tement in C BM BAS IC a llows 
your program to conditi onally execute so me state­
ments o r to cond iti onally branch to so me sta te ment. 
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CES: 
IF ••• THEN 

Here a re th ree different fo rms of the I F ... TH EN 
sta teme nt: 

50 IF logical expre.\',\·ion THEN stalelllel1l 

50 I F logical expression THEN S/alemellt J: statemem 
2: ... 

50 IF logical expression THEN line number 

In each of these forms the logical expression is some 
BAS IC ex pressio n that is e ither (rue or false. These 
express io ns will normally contain re lationa l o pe rators 
(such as < ) a nd / o r logical operators (such as OR), 
These ope ra tors will be defined and discussed in deta il 
in this cha pt cr. 

In the first fo rm of the IF ... T H EN sta te lllent shown 
a bove, if the logica l ex press io n is true, the .'itatell/em 

fo ll owing the word T H EN is executed. This can be any 
BAS IC statement tha t ca n be executed co nditi onally. 
1ft he logical expression isjalse. t he s ta teme nt wi th the 
next line number is executed. 

The seco nd form of the I F ... T H EN statement 
shown above be haves so mewhat like the firs t form. 
Howeve r. if the logical expression is true, all of the 
stalemelllS fo llowing the wo rd T H EN a re execu ted. 
The on ly limitation is that a ll of these statements must 
fit on the fou r VIC 20 o r two Comm odo re 64 scree n 
lines associated wit h the li ne num be r of the I F ... T I-' EN 
sta teme nt. Remcmber tha t if the logica l ex p ression is 



Jalse, the sta tement with the next line number is 
executed. 

In the third form o f the IF ... TH EN statement 
shown above. if the Iqgical expression is (rue, the 
program will branch to the spec ified li ne number. This 
form is equiva lent to the first for m if the statement is a 
GOTO statement. Thus. fo r example . these two 
statements a re equiva lent: 

50 IF A<O THEN 90 

50 IF A<O THEN GOTO 90 

In fac t. the word TH EN ca n be o mitted in the seco nd 
form. and yo u ca n write: 

50 IF A<O GOTO 90 

We will illust rate the use of the IF ... THEN 
statement by add ing so me cond iti onal s tatements to 
the programs we wrote in C hapte r 5. 

Gas M ileage Program 

In the gas mi leage program shown in Figure 5.4 of 
Chapter 5. M I is the old odometer read ing and M2 is 
the new od ometer read ing. T o make se nse M2 must be 
greate r than M I ( M2> M I). It is a lwa)'s a good idea to 
ha ve the progra m chec k the data entered through the 
keyboa rd to tfY to de tcct any typing e rrors. For 
examp le. if after ente ring the va lue of M2 in line 35, 
M I is greater than M2. a typing error ha s pro bably 
been made. \Ve could add these sta tements to the 
program in Figure 5.4, as shown in Figure 6.1 : 

37 IF MI>M2 THEN PRI NT "READING TOO 
SMALL": GOTO 20 . 

A sample rLin o f this new program is shown in 
Figure 6.2. Note tha t during the first execution. the 
last digi t of the new odomete r reading wa s omitted. 
This mad e M2< M I. S tatement 37 ca ught it and 
printed the message READING TOO SMALL a nd 

Figure 6.1 Gas mileage program conta ining an 
IF ... THEN statement. 

10 REI'I GR::: I'iJ LERC,t. F''':OGRI:U'I 
20 PR WT "EIHEF: F·RE\·'lOU2; ODDI'IETEF: PERlJ IHG" 
25 IriPUT l·tI 
:3~1 F'R nil "EHTER I~E,I OIIOI'I ETEF.: F:EAD I HG" 
:35 HiPIJT 1'12 

then branched back to stateme nt 20, where the 
program sta rted ove r again. 

In s tatement 37 yo u might have branched back to 
statement 30 and asked o nly fo r the new odomete r 
reading. However. the e rror ma y have occurred when 
entering M I (you may have typed a n ext ra digit) and 
therefore it is better to re-enter both odometer 
readings. 

RUN 
ENTER PREUIOUS ODO"ETER READING 
? 12345 , 
ENTER NEW ODO"ETER REJDING 
? 1265 
READING TOO SHALL 
ENTER PREUIOUS ODO"ET R READING 
? 12345 
ENTER NEW ODOHETER READING 
. 12654 
ENTER GALLONS SINCE LAST FILLUP 
? 15.8 
GAS "ILAGE: 19.556962 "ILES/6AL. 
ENTER PREUIOUS ODOHETER READING 

Figure 6.2 Program wi ll check to make sure that M2 is 
greater than Ml. 

Circle Program 

In the c irc le program shown in Figure 5.3 the radius 
should o bviously be pos itive. Actua lly. if you wan t to 

calculate o nly the area of the c ircle given by 17"r2, then a 
nega ti ve radius will give the same answe r as the sa me 
positive radius. On the Olher hand if we a lso calculate 
the c ircumference of the circle give n by 217"r , the radius 
must be posit ive. We can calculate the circumference 
by adding these two statements to the program in 
F igure 5.3: 

45 C=2*"*R 

47 PRINT "CIRCUMFERENCE= "; C 

:37 IF t'11 ) I'12 THEI~ PF.:l tH "P E:I=tDIt~G TOu :::;t'18LL H
: GOTU 21::.1 

40 PR I I-iT "E~iTER GALLOW; ", JriCE LR:,T F I LLIJP" 
45 1 ~~PUT (j 
50 t'lPG= (t'12- t'l l ) /G 
60 PR I i-H "CiA:3 r'l I LHGE . II .. t'tPI_, .; H t'l I LE:3/(,HL. I. 

7~1 F'R Un 
80 [;OTO 20 

RERD" • 
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We ca n then test to see if the radius is negat ive by 
add ing the sta teme nt : 

32 IF R<O TH EN P RI NT " RADI US MUST BE 
POSITI VE": GOTO 20 

If the value of R entered in the IN P UT sta tement on 
line 30 is less tha n 0, then the message R ADI US 
M UST BE POS ITIV E will be printed, a nd the 
program will bra nch back to line 20 and ask fo r 
a nother rad ius to be entered. 

We saw in Figure 5.3 that if the radi us is too la rge . 
a n ove rflow erro r will occur when the area is computed 
by line 35. Since the va lue of the a rea A ca nnot be 
greater tha n I .7E38, the la rgest radius R that wi ll not 
result in an ove rflow can be fo und as fo llows: 

A = rr r'';;;; I. 7E38 

r',;;;; 1.7E38 / rr 

r ,;;;; J I.7E38/ rr 

Thus, if R>SQ R( I.7E38 / rr) the area will be grea ter 
tha n I. 7E38 a nd cause an ove rflow. We can test this by 
add ing the following statement to the program: 

331F R> SQR(1.7E38/ rr) TH EN PRI NT " R ADI US 
TOO LA RG E": GOTO 20 

The complete revised program is shown in Figure 
6.3 . a nd a sample run is shown in F igure 6.4. Note the 
use of the two IF .. . TH EN statements in lines 32 and 
33. The fi rst I F .. . T H EN statemen t checks to see if R is 

Figure 6.3 Mod ified circle progra m that checks the 
va lue of the rad ius R. 

Figure 6.4 Sa mp le run of program in Figure 6.3. 

less than O. If th is isla Is. (if R is positive), then the next 
I F ... T H E sta tement on line 33 is executed. If R is not 
g reater tha n SQ R( I. 7E38 / rr ). the program will con­
t inue with li ne 35. 

Rectangle Program 

As a no ther exa mp le of using the I F ... T H EN sta teme nt 
to check da ta en tered with the IN P UT statement. 
conside r the program shown in Figure 5.2 that 
computes the a rea of a rec tangle. It is clear that both 

113 REPI PROGRAr'l TO COI'IPUTE THE AREA OF Fi CI RCLE 
2'3 PR I tH "EHTER THE RADI US OF A CJ ":CLE " ; 
~:[1 HlPUT F., 
~: 2 IF F;{O THEft PF,:nH "RADIU::: l'lUST BE F'O:::ITJ'iE" : GOTO 213 
33 IF RY30R(1 . 7E38/1r > THEft Pf', n H "RAD IUS TOO LARGE " : [:OTO 2'" 
35 A=l1*"' '1'2 
,\[1 PR I fIT "THE AREA OF THE CI peLE It:" .: A 
45 C=2*rr*R 
47 PRHH "CIRCUI'lFEREHCE="; c: 
50 PRIHT 
60 GOTO 20 

READ '~ . 

Figure 6.5 The If ... THEN statement in line 35 contains 
a compound logical express ion. 

113 REt'l F'ROGRFlt'l TO Cot'lPUTE THE AREA 
20 RHl OF A RECTmmLE 
30 IrtPUT "E,HER THE 2 SIDE~: OF A RECTRHGLE" ,X .. ', 
35 IF )<:(13 OR '~ (0 THE,t PR I en "VALUEt: l'lUST BE POS IT I '·IE" : GOTO 30 
40 PRIrH "THE AREA OF A RECTANGLE WITH SI OE~: " 
50 PR I ~n :~ ~ "AHD " ,; 'i j" IE; EG!IJAL TO"; >~*)I 
60 PR Im 
70 GOTI] 30 

RERD'~. 
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dimensions of a rectangle must be positive. Thus. if 
eilher of the two va lues ente red via the IN PUT 
statement on line 30 is negative, the program should 
print a n e rror message a nd ask fo r new in put. \Ve can 
d o this by adding the followi ng I F ... THEN stateme nt : 

35 IF X<O OR Y<O THEN PRI NT "VAL UES 
MUST BE POSITIVE": GOTO 30 

The resu lting program is shown in F igure 6.5, a nd a 
sample run is shown in Figure 6.6. Note from this 
sample ru n that the Commodore 64 / V IC 20 will no t 
allow the program to contin ue if e it he r value ente red is 
negat ive or if both are negat ive. Thus. the mea ning of 
the logical express ion X<O OR Y< O is that it is true if 
either X<O o r Y<O is true, or if both a re true. 

In this logica l express ion the symbo l< (less than) is 
one or the re/ational operators. The wo rd OR is onc of 
the logical operalDrs. Relational opc rators and logical 
operato rs wi ll be discussed in more de tai l in the next 
two secti o ns. 

RUN 
NTER THE 2 SIDES OF A RECTANGLE? -2,6 
ALUES HUST BE POSITIUE . 

ENTER THE 2 SIDES OF A RECTANGLE? 3,-6 
ALUES HUST BE POSITIUE 
NTER THE 2 SIDES OF A RECTANGLE? -5,-9 
ALUES HUST BE POSITIUE 

ENTER THE 2 SIDES or A RECTANGLE? 6,8 
HE AREA or A RECTANGLE WITH SIDES 
6 AND . 8 IS EQUAL TO 48 
NTER THE 2 SIDES OF A RECTANGLE? 

Figure 6.6 Sample ru n of program in Figu re 6.5. 

RELATIONAL OPERATORS 

A relational operator is u sed to form a logical 
expr!!ss ion by comparing two a rith met ic expressions. 
(An arithmetic express ion can be a nume rical con­
stant , variable, or expression .) For example . A<O is a 
logica l expression (it is e ithe r true or fa lse) which uses 
the re lati o na l ope rator <. If the conten l of memory 
cell A is less tha n zero, t his logical ex press ion is t rue; 
ot he rwise. it is false . 

The Commodore 64 ( VIC 20 sto res the logical va lue 
"false"as a zero (0). It stores the logical value '"true" as 
- I. YO LI ca n see this by typing 

A=3 
?A<3 

and 

A=-3 
?A<O 

as shown in Figure 6.7. Note that you can p rint t he 

value of logica l expressio ns such as A<O . 

Figure 6.7 The Commodore 64/V IC 20 sto res lit rue" as 
- 1 and <l false" as o. 

T he relationa l expressions used in the Commodore 
64 / VIC 20 are given in Table 6. 1. Figu re 6.8 shows 
some examples using these relat ional o perators. You 
should try some examples of yo ur own. 

TABLE 6.1 Rel atio nal operators 

Operator 

< > 01' >< 
< 
> 

< = or = < 
> = o r = > 

Meaning 

equal to 
not equal to 
less than 
greater than 
less than or equal to 
greater than or equa l to 

Figure 6.8 Examples of logical exp ressions fo rmed 
using the relationa l ope rators. 
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LOGICAL OPERA TORS 

In addition to the re lational operators the Commo­
dore 64 VIC 20 uses the three logical operators NOT, 
AND, a nd O R. The meanings of these operators are 
show n in Table 6.2 

TABLE 6.2 Logical Operators 

A and 8 are logica l expressions 

A NOTA 

true fa lse 
fa lse t rue 

A 8 A AND 8 A OR 8 

fa lse false false false 
false t rue fa lse true 
true fa lse fa lse t rue 
true true true true 

NOT 

The logical operato r NOT is a unary operator: that is. 
it operates on a single logical exp ression . A. If A is 
Iflle. then NOT A isfi" se. If A is/,"s", then NOT A is 
{rue. Examples us ing the logical operator NOT arc 
shown j 11 Figu re 6.9. 

AND 

The logical ope rator AND is a biliary operator tha t 
ope rates on n\ 'D log ical exp ressio ns. As shown in 
Table 6.2. A AND B is lrue on ly if hOlh A and B arc 
true. It isfalse if either A or B is fa lse. or if both are 
false. Examples using the logica l ope rator A ' 0 are 
shown in Figure 6. 10. 

Figure 6.9 Examples using the logica l operator NOT. 
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Figure 6.10 Examples using the logica l operato r AND. 

OR 

The logical operator OR is also a binary operato r. As 
shown in Table 6.2. A OR B is/alse only if bOlh A and 
B are false. It is Irlle if either A or B is true, or if both 
are truc. Examples using t he logica l operator OR are 
shown in Figure 6. 11. 

Note that the third exa mple in Figure 6. 11 isfalse 
while the fo urth examp le is Irue. The only di fference 
between the two is the incl usion of the pare ntheses in 
the th ird example . The fou rth example is true beca use 
the AN D operation is performed before the OR 
operation. 

Figure 6.11 Examples using the logical ope rator OR. 

_ 5{ 3 OR 6)=5 
i 

READY. 
_ NOT 6=6 OR 7<)7 
o 
ERDY. 

_ (2=2 OR 3=3) AND 1=2 
8 

ERDY. 
_ 2=2 OR 3=3 AND 1=2 
i 

ERDY. 

There is an order of precedence for logica l and 
relational ope rators as well as fo r ari thmet ic oper­
ato rs. When the Commodore 64 / VIC 20 eva lua tes an 
express io n, it uses the order of precede nce shown in 
Table 6.3. 

Within each level of precedence the expression is 
evaluated fro m Jcrt lO right. 



TABLE 6.3 Orde r of Precedence fo r Eva luating 
Expressions 

Opera!Or 
( ) 
I 

' j 
+-

=, <>, <. >, <=, >= 
NOT 
AND 
OR 

Meaning 

Pa ren theses 
Exponen ti at ion 
Unary Minus 
Multiplication and Division 
Add ition and Subtraction 
Relationa l Operators 
Logica l Compl e me nt 
Logica l AND 
Logical OR 

WEEKLY PAY PROGRAM 

As anot her exa mple of us ing the I F. .. TH EN stateme nt 
conside r t he p roblem of calculati ng the weekly pay of 
an em ployee whose ho u rly rate is 54 .00 a nd who 
receives time-and-a-half for o ve rti me. S uppose that 
the Iota I hours worked per week cannOI exceed sixt y 
hou rs. We wa nt to write a program that will : 

1. ask for the numbe r of hou rs worked to be 
e nte red fro m the keyboard 

2. c heck to ma ke sure that the numbe r of ho urs 
ente red is no t greate r than six ty 

3. chec k to ma ke sure that the number of ho urs 
entered is not negative 

4 . co mpute the pay at 54.00 per ho ur for the firs t 
forty hours and at $6.00 per hour for any hours ove r 
forty 

5. print the total amount of pa y. 

The program to do t h is is shown in Figure 6. 12. 
Lines 20 and 30 ask for t he number of hou rs to be 
e nte red (I NPU T statement) and show tha t the va lue is 
stored in H. Line 40 c heck s to make s ure that the 
numbe r of hou rs is no t g reate r than 60. a nd line 50 
checks to make sure tha t it is no t negative . 

Line 60 will co mpute the tota l pa y to be M = H*4 if 
H is less tha n or equal to 40. Note that th is line e nd s 
with the statement GOTO 90, w hich branches to 
stateme nt 90. Line 90 rou nds the va lue of M to two 

Figure 6.12 listing of week ly pay program. 

10 REI'1 PROGRRI'1 TO C0i'1PUTE ~'IEE I<L 'i l,tRGt.::: 
20 Pi<: un "Et·ITER t'IUI,m ER OF HCl UF.::,: "OF-Y ED" 
:3', IfWUT H 

places a fter the decimal poi nt (see discuss io n of gas 
mi leage program in C hapter 5). Line 100 pr ints the 
amo unt o f pay. 

If H is greater than 40. the logica l ex press ion 
H<=40 in li ne 60 will be fal se . and line 70 wi ll be 
executed next. Line 70 computes the nu mber of 
overtime hours (OV). Line 80 co mputes the total pay 
(M), cons is ting of t he first fony hours at S4.00 per 
hour pl us the rema ini ng overtime hours at $6 .00 pe r 
hour (M =40*4+0V*6). L ines 90 and 100 round and 
print the tota l pa y. 

Sam ple runs of thi s prog ram a re sh own in Figure 
6. 13. No te that trailing zeros are not p rinted on the 
sc reen . Thus. for exam p le. 5233 .50 is p rinted as 
$233.5. (I n Chap ter 13 we will see how to make both 
posit io ns of the ce nts field appear on the screen . eve n 
whe n the right-most posit ion co ntains a ze ro.) 

RUH 0 

EHTER HUMBER or HOURS WORKED 
. 32 
WE~LV PAV= $ 128 

EADV. 
UH 
"TER HUMBER or HOURS WORKED 

. 52.25 
EKLV PAV= $ 233.5 

o 

READV. 
UH 
"TER "UHBER or HOURS NORKED 

_ 47.34 -
EKLV PAV= $ 284.84 

EftDV. 

Figure 6.13 Sample runs o f progra m in Figure 6.12 . 

AREA OF A TRIANGLE 

The area of the triangle shown in Figure 6.14 can be 
calculated from the form ula 

AREA = [S(S- A)(S- B)(S- C)]" 

= y'S(S- A)(S- B)(S- C) 

40 IF H)60 THEt·~ PRIt·n IITOO r-tFtH',.. HOUW:;"· (;OTO 2~1 
5 0 1 F H{'3 THEI. PR 11IT " Iff '/11L! [I DRTI1": GOTu 20 
GO IF H<:=4(' THEil l'I=Ht4 : GOTO 90 
7'0 O',.,'::::H- 40 
::::0 t'1 :;;:: 4 t1*4+0'-l:+i6 
90 1'1= ItH Q'lt 10[1+0. 5 ) /100 
100 PI': IHT "1'IEEI<L'i PR','= $".' i'l 

F:ERD'T', 
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where A. B. and C a re the sides of the triangle and 

S = ~ (A + B+C) 

is the se mi-perimeter. 
J n BASIC the formula fo r the area ca n be written as 

AREA=(S*CS-A)*CS-B)(S- C))I O.S 

or 

AR EA= SQ RCS *CS- A)*CS- B)*(S- C)) 

Reme mber that the mu ltip lication symbol * must 
a/ways be exp licit ly typed, and every left parenthesis 
must have an accompanying right parenthesis. 

c 

Semi-perimeter, 5 = ~A+B +C) 
2 

Area = [S(S-A)(S- B)(S -C)]05 

Figure 6.14 Finding the area of a tr iangle . 

We want to wrilea program that wi ll ask the user to 
enter the lengths of the three sides or a triangle from 
the keyboard and will then display the a rea o r the 
tria ngle on the screen. It should be clear tha t not a ll 
combina tions of three numbers can represent the sides 
or a triangle. For example. a triangle can no t be rormed 
with the three sides 10.5. and 3, as show n in Figure 
6.15. From this rigure yo u can see that to ro rm a 
tria ngle the sum or A + B must be g reater tha n C, 
where C is the longest side. T his is equiva lent to 
requiring C to be less tha n the sem i-perimeter S = 
(A+ B+ C)/ 2. If this were not true, the rormula ro r the 
area would involve taking the sq uare rOOl of a negat ive 
number. which is not a real va lue. 

Figure 6.16 Program to find the area of a tri angle. 

10 REI1 PROGRA~1 TO FIND THE Ai'~EA OF A 
15 REl1 TRIAt,GLE 

A=3 
Figure 6.15 To fo rm a triangle the fo llowing re lations 
must be true: A + B > C o r C < S=1/ 2(A+B+C) . 

Thererore, our program should check to make sure 
that the three numbers entered rrom the keyboard can 
rea lly represent the sides of a triangle. We need to 
check to make sure that the longest side is less than S. 
The longest side may be the first, second , or third 
number to be entered from the keyboa rd . Ir the 
program uses the INPUT sta tement INPUT A,D,C 
then the longest side may act ually be stored in memory 
ce ll A,B, o r C. T herefore, the program must rind the 
longest side, L, a nd then make sure that L is less than 
the se mi-perimeter, S. 

We can dete rmine the larges t number stored in 
memory cells A.B, a nd C by the following procedure: 

1. Com pa re A and B 
ir A> B 
then set L=A 
else set L=B 

2. Compare C and L 
irC> L 
then set L= C 

Co nvi nce yourselr tha t this algorithm, or step-by-step 
procedure. will in ract put the largest value into 
memory cell L. This va lue of L can then be compared 
to the se mi-perimeter S to see if a triangle is possible. 

The BAS IC program to do a ll or this is shown in 
Figure 6.16. Line 20 asks ror the three sides of the 
triangle to be entered, a nd line 30 sto res these three 
va lues in A,B, and C. Line 40 compares A and Band if 

20 PR nn "EtHER THE THREE ,,; I DE'3 OF A TR I AfKiL E" 
30 iHPUT A .. B .'C 
40 IF R)B THE" L;R ; CiOTO 613 
56 L;B 
613 IF DL THEt, L;C 
70 ::;:= (R+B+C)/2 
813 I F US THE" PR IHT "t~O TF~ I AHCiLE POS::; I BLE"; GOTCi 213 
9{~ AREA= ( S*(S-A )*(S-B);;:(S- C» t €! . 5 
166 F'F.:INT "THE AREA OF THE TRIAflGLE IS ".; AF:EA 
1!13 PRItH 
121.3 GOTO 2'21 
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A> B, it stores the value of A in L and branches to line 
60. If A is not greater than B, line 50 will store the value 
of B in L. Thus, when line 60 is executed, L will conta in 
the larger of A and B. Line 60 compares C and L and, if 
C is greater than L, it stores the va lue of C in L. 
Therefore, by the time line 70 is executed, L will 
contain the largest of the numbers stored in A,B, and 
C. 

Line 70 computes the semi-perimeter, S, and line 80 
compares Land S to see if a triangle is possible. If L is 

RUH 
EHTER THE THREE SIDES or A TRIANGLE 
? 7 12 9 
THE'AREA or THE TRIANGLE IS 31.3049S17 

EHTER THE THREE SIDES or A TRIANGLE 
? 7 12 4 
NO tRIA NGLE POSSIBLE 
ENTER THE THREE SIDES or A TRIANGLE 
tH~'~RtA or THE TRIANGLE IS G.49S190S4 

EHTER THE THREE SIDES or A TRIANGLE 
~o3t~t~NGLE POSSIBLE 
EHTER TH E THREE SIDES or A TRIANGLE 
? I 

Figure 6.17 Sample runs of the program in Figure 6.16 

greater than or equal to S, the message NO TRI­
ANGLE POSSIBLE is printed, and the program 
branches back to line 20 and asks for three new sides. 
But if L is less than S, line 90 is executed to compute 
the area of the triangle. Line 100 prints the result. Line 
110 ski ps a line on the screen, and line 120 branches 
back to line 20 to run the program aga in . Sample runs 
of this program are shown in Figure 6.17. 

RANDOM CHECKERBOARD PATTERNS 

In Chapter 5 we wrote a program to generate 8 X 8 
custom checkerboard patterns. In this section we will 
write a program that will continuously fill the screen 
with a "random" check board pattern. The pattern will 
consist of two graphic characters AS and BS. How­
ever. instead of alternating the characters as we did in 
the checkerboa rd pattern (See Figure 5.6), we will 
print at each screen location either the character AS or 
the character BS, depending upon whether the random 
number RND(I) is greater than or less than 0.5. This 
means that each locatio n will have an equa l chance of 
being ei ther an AS or a BS character. 

The program for displaying this random pattern is 
shown in Figure 6.18. Line 30 requests two gra phic 
characters to be entered from the keyboard and stores 
them in the string variables AS and BS. Line 40 stores a 

seed for the random number generator, using the 
number of j iffies stored in TI (see discussions of jiffies 
and random numbers in Chapter 4). Line SO clears the 
screen. Line 60 stores a random number between Oand 
I in memory ce ll X. Line 70 compa res X to 0.5 a nd, if 
X<0.5 , print s the character stored in AS in the next 
sc reen locat ion. Note that the PRINT statement ends 
with a semicolon so that the cursor will Slay posi tioned 
at the next screen location. The program then 
branches back to line 60 to obtain another random 
number. I f X is not less than 0.5 in line 70, then line 80 
will be executed. This will print the character sto red in 
BS and then return to line 60 to obtain another random 
number. The program will continue until the STOP 
key is pressed. 

A sa mple run of this program is shown in Figure 
6. 19. In this instance. the two graphic characters used 
are the left ones on the I and K keys. You should try 
running this program usi ng graphic characters of you r 
choice. 

Figure 6.18 Program for displaying random 
checkerboard pattern. 

10 REI'1 PF.:OCiRA~1 FOR GENERAT H;t:; A RflNDOI'1 
20 REI'1 CHEC:KEI<:BDARD PATTERI! 
: :1'1 HlPUT "EI-lTER 2 GRAPH I C CHARAe: 1 ER:,:" ; A:!' .. B$ 
40 ~':=RI·m " - TI ) 
!:i0 PRHlT ":J" 
61j X=Fj·m ( 1 ) 
7() IF :,:«(1,5 THEN PRII-lT A$·.: : I3DTO 60 
81'1 PR HIT :8$ ; : GOTO 60 

F~ERD" . 

Figure 6.19 Samp le run of program shown in Figure 
6.18. 

UN 
HTER 2 GRAPHIC CHARACTERS? I •• 

, 
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IF ... THEN ... ELSE 

In this cha pter we have used the BAS IC IF ... T HEN 
sta tement in the fo rm of a n i[.,l /zen ... e/se sta teme nt. 
For example. in the p rogram to find the a rea of a 
t riangle we used the followi ng algo rith m to find the 
la rges t value in A.B. and C a nd store it in L: 

if A> B 

Ihen L=A 

else L= B 

ifC> L 
Ihen L=C 

We coded this algori thm in BAS IC as follows: 

40 IF A> B TH EN L= A: GOTO 60 

50 L=B 

60 IF C> L TH EN L= C 

T he ij. .. rhen ... el.\'e statemen t is ava ilable in other 
p rogramm ing languages such as PASCA L but it is 
not direc tly a va ilable in BAS IC. With the full form of 
the sta teme nt. the else statements are au tomatica lly 
skipped afte r t he then statements a re executed. 
However. in BAS IC we must tell t he computer to skip 
the else stateme nts by endi ng the then sta tements with 
GOT O. 

The else is ge nera lly optiona l in an ~r .. fhel1. .. e/se 
statement. Witho ut else. it is like the BAS IC 
IF ... TH EN state ment. T he restr ict ion here is t ha t t he 
num ber of statemen ts following T H EN must fi t on 
fo ur VIC 20 o rt wo Commodore 64 screen lines. If t hey 
do no l, you can st ill simulate a n {( .. fhell ... e/se 
sta tement in BAS IC as fo ll ows: 

100 IF A> B T H EN 120 

110 GOTO 170 

120 --------------

130 --------------

140 --------------

150 --------------

160 GOTO 210 

170 R EM ELSE 

180 --------------

190 --------------

200 --------------
210 

T H EN statem ents 

ELSE statements 

Note that li ne 11 0 is executed if A> B islals •. T his 
will branch to the ELSE statemen ts. If A> 8 is true 
then line 120. the firs t of the T H EN statements. is 
executed . You can use as ma ny lines as you need fo r 
the TH EN sta teme nts. However. a t t he end of the 

50 

T H EN sta tements you must incl ude a G OTO sta te­
me nt tha t will skip over the ELSE statements. 

In C hapte r 3 we sa id tha t a computer prog ram is 
li ke a t ra in going o n a trip. The seats in the train a re 
like me mo ry locatio ns with uniq ue na mes o r addresses 
that d is tingu ish o ne seat from a nother. The "seats" 
may co nta in strings (such as the name of the person 
sitt ing in the sea t) or nu merical values (such as the age 
of the person sitting in the seat ). 

As the train goes a lo ng the trac k it can co me to a 
sta tio n where new peo ple ca n ge t o n , some peo ple ca n 
get off. or o thers can excha nge scats or a dd things to 
their sea ts. This is eq u iva lent to execut ing BAS IC 
sta tements such as PRI NT, IN P UT, a nd A= B+C. 

T he ij. .. then .. . else statement is like a switch in the 
t rack tha t allows the trai n to go on o ne o f two diffe rent 
paths. as shown in Figure 6 .20. These two pa ths lead to 
two di ffere nt sta t ions and then merge on the o ther side 
of the stations. I f the logical ex press ion fo llowing if is 
t rue. the tra in fo llows the track to s ta tio n I. where the 
then sta tements a re executed . If t he logical expressio n 
fo llowing if is fa lse, the trai n fo ll ows the track to 

station 2. where the else stateme nts a re executed . Note 

Figure 6.20 The if ... lhen ... else statement " takes the 
trai n" to o ne o f two possib le statio ns. 

STATION 1 STATION 2 



that the train can only go either to station I or sta ti on 
2. !t cannor go to both stations, ne ither in sequence nor 
simu ltaneously. 

Flowcharts a nd Pseudocode 

Flowcharts have t raditionally been used to ex press 
computer a lgo rithms. The ij .. rhen. .. e/se statement 
illustra ted in Figure 6.20 can be represented as a 
flowchart, as shown in Figure 6.2 1. T he simi lar it y to 

Figu re 6.20 is obvious. If the logica l expression in the 
d iamo nd-shaped box is {rue, the pat h to statements A 
is followed. Ot herwise, the pa th to statements B is 
followed. 

T~ False 

Figure 6.21 Flowchart representation of the 
if ... fhen .. . else statement. 

The algorithm given earlier for finding the largest 
value in A ,B, and C is expressed as a fl owchart and in 
pseudocode (using if .. then ... else) in Figure 6.22. 
Many people find pseudocode represe ntations to be 
easier to write than flowchart s, and just as easy to 
understa nd. In addition, it is easy to genera te 

Figure 6.22 (a ) Flowchart and (b) pseudocode for 
algorithm to find the largest value in A, B, and C. 

A 

if A>B 

then L=A 

else l = B 

if C> l 

then l =C 

B 

flowcharts tha t end up looking like "bowls of 
spaghetti." For these reasons the use o f flo wcharts ha s 
dec lined in recent years. Remember that a pseudocode 
is just a way of exp ress ing a n algorit hm and will not be 
understood by the Co mmodore 64/ VIC 20 . 

For those who prefer a g raphic representation o f an 
algorithm. slruclured ./lo\\,charrs can be used. 

St ructured Flowchnrts 

A structured flowchart (also ca lled Nassi-Schnei­
derman charts a ft er the people who introduced them) 
is an alternate representatio n of an a lgorithm. It 
co nsists of va rious nes ted " boxes " wit ho ut the connec­
t ing lines shown in Figure 6.22 . Two alternate 
represe ntat io ns o f the U: .. then. .. else statement a rc 
shown in Figure 6.23. \Vc wi ll usc thc fo rm shown in 
Figure 6.23a. Using a structured fl owchart. the 
algorithm sho wn in Figure 6.22 can be re presented as 
shown in Figure 6.24. 

Flowcharts a nd pseudocod e are just d ifferent ways 
o f rep rese nting a n algorithm to try to make it easier to 
understand. When developi ng a comput er program, it 
is genera ll y easier to ex press the p rog ra m in the form 
of a flowc hart. structu red flow chart. or pse ud ocode 
before codin~ it in BAS IC. 

The structured fl owchart and pseudocode fo r the 
week ly pay program discussed earlie r in thi s chapte r 
are shown in Figu res 6.25a and 6. 25b . The BAS IC 
listing of this program is shown in Figure 6.25c. You 
shou ld carefully compa re these th ree rep resentations 
of the same program. 

The ad vantage of the structured flo wcha rt represe n­
union is that it clea rly disp lays the logic of the program 

Figure 6.23 Two forms of a structured flowchart that 
represents the if ... lhen ... else statement. 

,------ ------, Ial 

!.! logical expression 

else 

- - -
statements A statements B 

~----------:?1 Ibl 

!.! logica l expression 

statements A statements 8 
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in a grap hic form. The adva ntage of the pseudocode is 
that it describes the algorithm in a simple and 
straightfo rward manner. Note the importance of the 
indentat io n in the pseudocode description. The advan­
tage of the BAS IC representation is that it can be 
executed on the Commodore 64 / VIC 20. 

Some people have devised a variety of indentation 
conventions that wi ll make a BAS IC program easie rto 
und erstand. If yo u try to indent your programs, you 
will discoverthat the Commodo re 64/ VIC 20 automat­
ica lly removes leading blanks when LiSTing a 
program. You can overcome this problem by typing a 
colon (:) as the nrst character following the line 
number. Any blanks that you type fo llowing the colon 
will not be removed when the program is LISTed. 
Howeve r, these blanks will use up memory in the 
computer. You should always keep a written version 
of your program on paper. This version can include 
indentation , pseudocode , structured flowcharts, or 
anything else that will help you to understand the 
program. 

!! A>B 

then else 
e- == -~ -- -

L~A L~B 

!!C> L 

then else 
f- == -~ -- -

L~C 

Figure 6.24 Structured flowchart rep resentation of 
algorithm to find the largest va lue in A, B, and C. 

The complete structured fl owchart for the program 
to find the area of a triangle is shown in Figure 6.26a. 
The BAS IC listing of this program is shown in Figure 
6.26b. You should compare carefu lly the structured 
flowchart and the BAS IC listing. Note that the GOTO 
statement in line 120 is represented in the structu red 
flowchart as an "outer loop" that co ntinues forever (or 
until the program is STOPped). 

In the next chapter we will take a closer look at 
loops. In particular you will learn how to stop a loop 
any lime you want. 

EXERC ISE 6-1 
For married taxpa ye rs fil ing jo int returns, with a 
taxable income between 520,200 and 524,600, the 
Fede ral income tax is 53 ,273 plus 28% of the amo unt 
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Figure 6.25 la) Structu red fl owchart, Ib) pseudocode, 
and Ie) BAS IC list ing of week ly pay program. 

. '0 
- - -

PM I "100 many haurs" 

if H> 60 

~ H<O 

M-INT(M " 00-0. 511 I 00 

pMl ....... kIy pay-S ";M 

then print "too many hours" 

else if H< O 

then print "invalid data" 

else if H< =40 

then M=H*4 

e lse OY =H-40 

M=40*4 + 0 Y* 6 

M = INT(M* 100+ 0.5)i l 00 

print "weekly pay = $" ;M 

113 REt'l F'POORAt'l HI Cot'IPUTE WEEKL'i I~AGES 
20 PPIHT "ErnEi': HUI'IBER OF HOUPt' i'.IORKED " 
3[' IHPUT H 

(al 

(b l 

(el 

413 IF H)60 THEH PR I m " TOO I'IAH',' HDURS" "30TO 20 
5[' I F W)] THEH PF:nn "[H',lAUD DAr!'t'" CiOTO 213 
68 I F H(=413 THEN M=H*4'CiOTO 90 
713 0',l=H-413 
80 t'l=40*4+Ij',/:+:6 
913 t'I" I liT (t'l'4< 1013+13 • 5) / 1 'x' 
1<:'113 PR IHT ",IEEI':L Y F' FI','= :> " .' pi 

f;:EAD'i. 

over 520,200. Write a program that will accept from 
the keyboard a taxab le income, check that it is 
between $20,200 and 524,600, and then com pute and 
print the income tax. 

EXERC ISE 6-2 
Wri te a program to compute take-home pay. The 
program shou ld accept from the keyboard an hou rly 
wage and the number of hours worked. Assume that 
6.65% of the gross pay is deducted for Socia l Security 
taxes, 14.8% of the gross pay is deducted fo r Federal 
income taxes , and 4% of the gross pay is ded ucted for 
state income taxes. The program should print out the 
wage rate, the number of hours worked, the amo unt 



(al 

Figure 6.26 (a) St ructured flowcha rt and (b) BASIC 
listing of program to find the area of a triangle. 

O'IOUI A. 9. C 

f-
t!'!!' 

I 
~ - -c·- c·. 

,.IC1.. 

'O!O OM 

f- T - -
C" 

deducted for Socia l Security, Federal and state income 
taxes, and the take-home pay. 

EXERC ISE 6-3 
Write a program that will accept from the keyboard a 
continuous se ries arteSt scores. \Vhen a negative sco re 
is entered the program should print the number of 
scores en tered , the largest score, the smallest score, 
and the average of the test scores. 

(bl l £1 REt" PROGF;At" TO F nm THE flREA OF A 
15 REt1 TR i At'II3LE 
20 PRliH "EtHEl': THE THREE :3 I liE::: OF A TRIAt~GLE" 
3£1 HIPUT ~1, B., C 
40 IF C) L THEt·j L~fI: GOTO 6', 
50 L=B 
60 IF D L THEH L~C 
'l0 S= ( A+B+C)/2 
81') IF L)S THEH PP HIT "NO TRIAHCi LE PO:33IBLE": GOTO 2[J 
9~1 AREA=(S:+:C:;'-A )* <::; -B ) *(S-C» t0~ 5 
10[1 PF~HlT "THE AREA OF THE TRIAt'II3LE I:::"; FI;;:EfI 
110 PRHIT 
120 GO TO 20 

REflD', • 
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LEARNING 
ANOTHER 

A"DlLUUT LOOPS: 

In Chapter 6 we used the IF ... THE N statement to 
choose between two alternatives. We saw that this use 
of the I F .. .TH EN statement was equivalent to using an 
if. .. the11. .. else statement. I n this eha pter we will use the 
IF ... THEN statement fo r a completely diffe rent 
purpose- that of forming loops. Because you are 
using the same IF ... THEN stateme nt , it may appear 
that there is no difference between the usc of 
IF ... TH E to form lo ops and its use to fo rm an 
if. .. fhen ... else construction. But there is a fundamental 
difference between loops a nd an if .. lhen ... else state­
ment. An i/ .. fllen. .. else statement merely ma kes a 
decision between two differcm paths. A loo p. on the 
othe r hand , implies repetition in which the same 
statements are execu ted over a nd over again un til (or 
while) some condit ion is mel. 

In this chapter you will learn: 

I. to use the IF .. . TH EN statement to form a repeat 
while loop 

2. to repeat a loop wh ile a n affirma tive answer IS 

given to a question 

3. to use nested loops 

4. the difference between a repeat whi/e, a repeat 
until, a do while, and a do ul1lilloop a nd how to 
implement these loops in BASI C 

S. how to implement a loop .. . exil if .. endloop and 
a loop ... cominue if .. end/oop co nstruc tion in 
BAS IC. 
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AT IF •.• THEN 

THE REPEAT WHILE LOOP 

Very ofte n you will ha ve a seq uence o f BAS IC 
statement s that you will want to repea t as lo ng as a 
particu lar logica l ex pression is true. Fo r exa mple. 
yo u may wish to d o thc fo llowing 

40 -------

50 -------
60 ------

repeat lines 40-60 ,,·hile A> O 

Yo u can do this with the statement 70 IF A> O 
THEN 40. 

Lines 40-70 form a loop tha t is ex ited o nl y when 
A> O becomes fa lse , that is, when A<= O. In ord e r to 
get au[ of the loop, the re must be something in lines 
40-60 that will eve ntually callse A to become less tha n 
or equal to zero. 

Here arc some examples. 

RANDOM CHECKERBOARD PATTERNS 

The program fo r gene rat ing a rand o m checkerboard 
pa n e rn was desc ribed in C haple r 6 and is s hown in 
Figure 6. 18. Review this prog ram a nd key it in aga in 
(o r load it in fro m ta pe or disk , if yo u saved it ). 
Remember that the o nly wa y to sto p this program is to 
press the STOP key. It would be much neate r if the 



program could stop itself a fter printi ng as many screen 
li nes as we wa nt. 

We can modify the program to ask fo r the number 
of li nes to be printed and to pri nt only that number of 
lines . The pseudocode and structured Oowchart fo r 
this modified program are shown in Figu re 7.1. Each 
time through the loop only one character is printed . 
and N co unts the numbe r of characters tha t have been 
printed . If you have a VIC 20. le t WIDTH = 22 and. 
if you have a Commodore 64. let WIDTH = 40. 
Since each line conta in s WIDTH chara cte rs, 
NLI NE*WIDTH cha racters will have been printed 
when NLINE li nes have been pri nted . Therefore. in 
order to print NLINE li nes we must repeat the loop 
,,'hile N< NLI NE*WIDTH. 

\Ve ca n modify the BAS IC program shown in 
F igure 6. 18 to agree with t he a lgori th m in F igure 7.1 
by maki ng the foll owing changes. Add the fo ll owin g 
statements: 

25 P RI NT "clear screen" 

35 INP UT " ENTER THE NU MBER OF 
LINES";NLI NE 

-IS N=O 

90 N= N+ I 

100 IF N<NLINE*WIDTH THEN 60 

In li nes 70 a nd 80 of t he original prog ram change 
GOTO 60 to GOTO 90 and dele te line 50. 

The resuhing BAS IC progra m is shown in Figure 
7. 2. Co mpare th is listing carefully with the pseudo­
code and st ruc tured nowcha rt shown in Figure 7 .1 . 

Figure 7.1 (a) Pseudocode and (b) structured flowchart 
for modified ra ndom checkerboa rd p rogram . 

clear ~creen 

inpUT 2 graphic chorOCle!s AS,as 

Input number of line$ NUNE 

initioli ze tondom seed 

N = Q 

loop: X= RNO(l) 

if X< O.5 

then print AS 

else print 85 

N = N - 1 

repeat whIle N < NUNE " 4Q 

clear screen 

Input 2 graphic characters AS. BS 

input number of lines NLiNE 

initialize random seed 

N= O 

X=RND(1) 

If X< O.5 

then else - - - - 1- - -
print AS; pnnl BS; 

N- N+ l 

repeal while N< NLlNE ' 4Q 

- - -

Note es pecia lly how the IF ... TH EN statement is used 
to implement both the if .. then .. . else statement and the 
repeal while statement. Note a lso that we have 
incl uded an END statement a t the end of the program. 
Alth ough this is opt ional it does show explicitly where 
the IF ... THE N statement in line 100 branches if 
N<NLlNE*WIDTH is fa lse. 

A sam ple run of this program is shown in Figure 
7.3. Try generating ot her patterns wi th this program. 

Figure 7.2 BAS IC li st ing fo r modified random 
checke rboard patte rn . 

113 REI1 F'ROGr;:Ai'1 FOR GEI·IERm lt40 Pi 
20 F;EI'\ Rmmor'i CHEO(ERBOFiRD F'FiTTEF;1-I 
25 PRlt·n ":]!! 
26 l-ll DTH=40 
31') HWUT "EHTER 2 GF:FiF'H I C CHARHCTEF:,,:" .: A$., B$ 
:35 HIPUT "alTEr;: t·IUf1f:EIi: DF Ll HE:,: " .: filII-IE 
40 '·:=f;:t·m (. - T I :-
45 t'i;:: ~j 

60 >~ ;::: RHD (.1 ::. 
70 IF X(0 . 5 THEN PRINT AS; :GOlD 98 
10:0 Pld I·IT B~:.: . C'OTO ,;0 
'-;H 1 i'i=I'l+- 1 
10'3 IF l<{flL II-IEtl,n 11TH THEN 6(1 
1113 aID 

READ', . 

Figure 7,3 Sa mple run of program shown in Figure 7.2. 

TRIANGLE PROGRAM 

A progra m to ri nd the a rea o r a tria ngle was d isc ussed 
in Chaple r 6. and the BAS IC listing is gi ven in Figure 
6. 16. Beca use o rt lle GOTO statement in line 120, thi s 
p rogra m is exec uted ove r and over aga in unt il t he 
ST O P kcy is prcssed. A be tt e r wa y to end the prog ra m 
would be to ask th e use r ir he o r she wants to co ntin ue. 
T hiscan be d o ne by replacing the GOTO 20 statement 
o n li ne 120 wi th the ro llowing sta tements: 
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120 INP UT "DO YOU WANT TO CONTINUE 
(Y,N)";AS 

130 IF AS= ;;Y" THEN 20 

140 END 

Line 120 displays the message DO YOU WA NT TO 
CONTINUE (Y,N)? and then wa its for a response to 
be ente red from the keyboard. This response is stored 
in the string AS. Line 130 compares this st r ing to "Y" 
and if AS="Y" the program bra nches back to line 20 
and the area of another triangle is found . Any ot her 
response \v ill te rminate the program. 

The BAS IC list ing of th is modified program is 
shown in Figure 7.4, and a sa mple fun is shown in 
F igure 7.5. Note tha t the IN P UTstatemellt in line 120 
provides the question mark for the message. and YO LI 
do no t need to include it in the string. Also remember 
that if the response to an IN PUT stateme nt is expected 
to be a no n-numeric va lue , a string variable rather 
than a numerica l va riable must be used in the INPUT 
stateme nt. If the IN P UT sta tement co ntains a numer­
ical var iab le, a nd a non-numeric va lue is typed in, the 
Commodore 64 / VIC 20 wi ll respond with the message 
?REDO FROM START. It will then wai t for a 
numeric value to be entered. A n IN P UT statement 
conta ining a string va riable will accept any input , bu t 
will trea t it a s a string. Th us, in line 130 in Figu re 7.4 
the va riable AS must be compared to the sIring "Y". 

NESTED LOOPS 

T he prog ram shown in Figure 5.6 of C hapter 5 
displays a custom 8 X 8 checkerboard pattern. In this 
sectio n we will write a progra m tha t wi ll display a 
checkerboard pattern of varying wid th a nd height. 

Each "e leme ntary sq uare" of the checkerboard will 
occupy a 2 X 2 area of the scree n, as shown in Figu re 
7.6. AS and BS a re the strings conta in ing the two 

Figure 7.4 BASIC li sting of modified triangle proglam. 

If) REt1 PROI3I':f1t-1 TO F nm THE AREA OF A 
15 REr1 TR I AfWLE 

RUN 
ENTER THE THREE SIDES OF A TRIANGLE 
? 6,8 9 
THE Ai/EA OF THE TRIANGLE IS 23.5252524 
DO YOU WANT TO CONTINUE (Y,N)? Y 
ENTER THE THREE SIDES OF A TRIANGLE 
. 4, 6~8 

HE AKEA OF THE TRIANGLE IS 11.61895 
o YOU WANT TO CONTINUE (Y,N)? N 

READY. 

Figure 7.5 Sample run of prog ram shown in Figure 7.4. 

graphic characters that wi ll make up the checker­
board. We will assume tha t t he square shown in Figu re 
7.6 has a width of I a nd a height of I. We wi ll limit the 
maximum width of the checkerboard to 10 o n the VIC 
20 (20 screen locations) and 19 on the Co mmod ore 64 
(38 screen locations) and the maximum he ig ht to 9 ( 18 
screen locations), 

Figure 7.6 Elementa ry squa re of the checkerboard. 

~ 
~ 

The input secti o n of the program will d o the 
fo llowing: 

clear the screen 

input the two cha racte rs AS,BS 

input the width W 

verify that W is in the range 1-19 [1 -1 0 o n the VIC] 

20 PF;nn "EIHEF: THE THREE :,:I DES OF A TRIAHC3LE " 
30 mpUT A, B , C 
40 IF C>L THEI; L=A : CiOTO 6') 
5£1 L=B 
6£' IF D L THEH L=C 
70 S=(A+B+C ) /2 
80 I F US THEI·l PR 1m" 1·10 TR I AH tJLE PO:::S I BLE ": GOTO 20 
90 AREA= ( S:f. ( ::;-A;' :+: (::; - B):+: C:;--C) ) '1'13 . 5 
100 PRmT "THE AREA OF THE TRIAI·lC·LE IS" ; AREA 
110 PRIHT 
120 H1PUT "DO • ... OU ;jf,fn TO c OIn I HUE -: Y , H) " ; A:t 
D0 IF A:t= ...... " THEH 20 
140 EI~D 

READ· .... 
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input the height H 

verify that H is in the range 1-9 

This input section corresponds to lines 10-45 of the 
program listing shown in Figure 7,7, (On the VIC 20, 
change 19 to lOin both lines 30 and 35 ,) Note that line 
35 means "repear line 30 while W<! or W> 19," 
Therefo re, only values of the width W between I and 19 
(10 on the VIC 20) will allow the program to proceed, 
Similarly, li ne 45 mea ns "repearline 30 while H<! or 
H> 9, " 

Figure 7.7 BASIC listing of prog ram to gene rate 
checkerboa rd pattern of varying width and height, 

1 [1 REI" CHECl::ERWflPD PRTTERf~ 
15 F'F.: nn It :T 1 

20 HWUT "EHTEF: 2 CiI,:AF'HIC CHfIRACTER:,;"; A$" B$ 
:30 HlPUT "EI,nE": IHDT H OF PRTTERH. l-l9" ,; I~ 
35 IF 14( 1 OR 14)19 THEN 30 
40 H~PUT "EtHER HUGHT OF F'ATTERfL 1--9";H 
45 IF H(1 OR H}9 THEf~ 40 
50 f~H=0 
60 H~I= 0 
70 PR I HT fU',; B$ ,; ' t'H;=f~ ~I+ i 
813 I F HIKI~ THEN /0 
90 PR nn' f~I,I=B 
100 PF: Hn B$; A$; : NI4=I'HoJ+ 1 
110 IF fH,KI'1 THEt·j 10'3 
120 PR I NT : t~H=t'~H+ 1 
130 IF t,tH<H THEft 60 
140 Efm 

READ'~ • 

Lines 50-140 correspond to the algorithm shown in 
pseudocode and as a structured flowchart in Figure 
7,8, The outer loop counts the number of rows, NH, of 
the checkerboard that have been printed, Note that 
each row uses two screen lines (see Figure 7,6), Inside 
this outer loop are two nested inner loops. The first 
one prints one sc reen line of length W starting with the 
character AS. The second lo op prints one screen li ne 
of length W start ing wi th the character B$, At the end 
of each line, it is necessary to insert a PRI NT 
statement that will cause the cursor to re turn to the 
beginning of the next sc ree n line, 

Study this algorithm carefully and compa re Figure 
7,8 with lines 50-140 in the BASIC program shown in 
Figure 7,7, Key in and run this program, A sample ru n 
is shown in Figure 7,9, Try lots of different grap hic 
characters. 

DIFFERENT TYPES OF LOOPS 

There are really four diffe rent eleme ntary loo p 
structures. You can test the logical expression at the 
beginning of the loop orat the end of the loop, and you 
can branch out of the loop when the logica l expression 

loop, NW=O 
loop, PRINT A$;B$; 

NW=NW+l 
repeat while NW<W 
PRINT 

NW=O 
loop, PRINT B$;A$; 

NW=NW+l 
repect while NW<W 
PRINT 

NH=NH+l 
repeat while NH<H 

NH-O 

NW-O 

I 
PRINT A$;B$; 

NW= NW+ 1 

repeat while NW<W 

PRINT 

NW=O 

I 
PRINT BS;A$; 

NW= NW+ 1 

repeat while NW<W 

PRINT 

NH= NH+ 1 

repeat while NH<H 

prints one sc reen line stcrt­
ing with AS 

return s cursor to stcrt of next 

line 
prints one screen line stcrt­

ing with B$ 

returns cursor to start of next 
line 

} 

prints one screen line starting 
with AS 

returns cursor to start of next line 

} 

prints one screen line starting 
with BS 

returns cursor to start of next line 

Figure 7.8 (a) Pseudocode and (b) structured flowchart 
representation of algorithm to produce checkerboard 
pattern. 

is true or when it is false, We wi ll call the two loops 
with the test at the end of the loop the repear while and 
the repeat until loops, We will call the two loops with 
the test a t the beginning of the loop the do while and 
the do un/i1loops, 

Figure 7.9 Bri ck wa ll pattern as examp le of running 
program shown in Figure 7.7, 

READY. 
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In add ition to these elementa ry loops it is possible 
to use a more ge neral loo p structure in which the 
logical express ion is tes ted other than at the beginning 
or end. Depending upon whether the loop exi t is made 
when the logica l ex press ion is true or when it is fa lse, 
we will ca ll the genera l loop structures loop ... exil 
if .. elldloop a nd loop .. . colllillue if .. elldloop. 

All of these loop structures ca n be implemented in 
BAS IC. a lth ough some are easier to implement than 
others. Most good programmers use only twO or three 
of these loop structures. The choice depe nds on the 
program ming language being used and. to some 
extent. on persona l prefe rence. 

The Repeat While Loop 

This is the loop that we have been using so far in this 
chapter. Its general form is shown in Figure 7.10. In 
th is figure logical expo is any logical ex pression that is 
either true or false. This loop is repealed while the 
logical expression is true. Figurc 7. IOd shows what this 
loop looks li ke in our train track model ofa comput er 
program. Note that the train continues to loop around 
and through th e statio n as long as the logical 
expression is true. 

Figure 7.10 The repeal while loop: (a) Pseudocode. 
(b) BASIC impleme ntat ion. (c) Structured flowchart. 
(d) Train track equivalent. 

loop: 

repeat while logicol exp o 

A 

repeal while logicol exp o 

c 

The Repeat Until Loop 

10 __ _ 

20 __ _ 

30 __ _ 

40 IF logicol expressioo THEN 10 

B 

D 

logical expo 

fa lse 

The genera l form of the repeat until loop is shown in 
Figure 7.11 . In this case the loop is exiled if the logica l 
ex pression is true. That is, the loo p is repeated lmlil the 
logical expression is truc . In ge neral you shou ld 
choose to useeither the repeal while or the repeal until 
loop in your programs. Th is wi ll help you avoid logica l 
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erro rs because yo u will a lways be think ing either 
"while" or "ullIil. ·· Many people prefer the repeal unlil 
loop. a nd some languages implement this loop 
directly. 

However. by com paring Figures 7. IOb and 7.l lb 
you ca n see that it is easier to implement a repeat while 
loo p in BAS IC because the repeal ullIiI implemen­
tation requires an additiona l GOTO statement. There­
fo re. when weform a loop with the tes t a t the end ofthe 
loop, we will make it a repeat IVhile loop. 

loop: 10 __ _ 

20 _ _ _ 

30 __ _ 

reptol uoli/ logicol expo -1 0 IF logicol expreuioo THEN 60 

50 GOTO 10 

60 __ _ 

A B 

STATION 

logical e xp. 

repeol until logicol e xp o 

c D 

Figure 7.11 The repeal until loop: (a) Pseudocode. 
(b) BASIC implementat ion. (c) Structu red flowchart. 
(d) Train track equiva lent. 

The Do While Loop 

The do while loop is one of those useful programming 
statement s that is fo und in newer languages such as 
PASCA L. Its genera l fo rm is shown in Figure 7. 12. In 
th is loo p the logica l expression is tested a t Ihe 
beginning of Ihe loop. This means that if the logica l 
expression is initially jalse, the statements within the 
loop wi ll never be executed. The BAS IC implemen­
tat ion of the do ~vhile loop req uires fwD GOTO 
statements. one fo ll owing the I F ... TH EN statement to 
skip over the loop statements if the logica l expression 
is false, and one at the end of the loop to branch back 
to the IF ... THE N sta tement. 

The Do Until Loop 

The fourt h elementary loop structure is the do unfil 
loop, whose ge nera l structu re is shown in F igure 7.13. 
In th is loo p the logica l ex pression is also tested at the 



do while logical eJCp. 10 If logicol eJCprenion THEN 30 

20 GOTO 70 

30 __ _ 

' 0 __ _ 

eoddo 50 _ _ _ 

60 GOTO 10 

70 _ _ _ 

A B 

do while logicol eJC p . 
logica l exp. 

false 

STATION 

c D 
Figure 7.12 The do while loop: (a) Pseud ocode . 
(b) BASIC implementation. (c) Structu red flowchart. 
(d) Train track eq uivalent. 

beginni ng of the loop. However, the statement s with in 
the loop are executed only if the logical ex press ion is 
false, that is, until the logica l exp ressio n is true. Irt he 
logical expression is init ia lly true, the statements 
with in the loop will never be executed . 

The BAS IC im pleme nta t ion of the do w1fil loop 
requires only o ne GOTO sta tement. For this reason we 

Figure 7.13 The do until loop: (a) Pseudocode. 
(b) BASIC impleme ntat ion. (c) Structured fl owchart. 
(d) Tra in track equ iva lent. 
do 1101" logical e~p . 10 If logical expreuion THEN 60 

20 __ _ 

30 __ _ 

' 0 __ _ 

endda 50 GOTO 10 

60 __ _ 

A B 

logical exp. 

la lse 

da u",iI logicol e~p . STATION 

c D 

wi ll norma lly implement the do until loop rather than 
the do while loop when we need a lest at the beginn ing 
o f a loop. 

Peop le who write st ructured programs using a 
"good" structured programming language usc the do 
while and the repeat anti/loops. In BAS IC it will save 
us some cod e (and therefo re so me memo ry) if instead 
we use the do until and the repeat while loops. 

loop: 10 _ _ _ 

20 __ _ 

30 _ _ _ 

eJC;' if logical e~p. 40 If log,col eJCprenion THEN 80 

50 __ _ 

60 __ _ 

end/oop 70 GaTO 10 

80 _ _ _ 

A B 

logical exp. 

ex;' if logical e~p . 

c D 

Figure 7.14 The loop .. . exit il. .. endloop loop: 
(a) Pseudocode. (b) BAS IC implementati o n. 
(c) Structured flowcha rt . (d) Train track equivale nt. 

The loop ... e,i! if ... endloop Loop 

Occasiona lly it is convenient to use a more general 
looping structu re. Such a loop is the /oop ... e.\-it 
i/ .. end/oop construction, whose general form is 
shown in Figure 7.14. This is really a generalized until 
loop. If the exil i(s tatement is at the to p of the loop , it 
becomes the do ul1ii/loop. At the bottom of the loop, it 
becomes the repeat ul1lil loop. 

The loop ... eon!inue if .. . endloop Loop 

In order [Q co mp lete the discussion of loops, the 
general form of the loop ... continue i/ .. endloop con­
struction is sho wn in Figure 7. 15. This is really a 
gene ralized while loop. If the cOl1finue ifstatement is 
a t the top of the loop, it becomes the do while loop. If 
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the continue {{statement is at the bottom of the loop, it 
becomes the repeat \Vhile loop. 

Any of these loops can be used in your programs, 
but the easies t ones to implement in BASIC are the 
repeat IVhile. the do unlil. and the loop ... exir if. .. end­
loop structures. 

A B 

loop, 10 __ _ 

20 _ _ _ 

30 __ _ 

continue jf !ogico! expo 40 IF !ogico! expreuion THEN 60 

50 GOTQ 90 

60 __ _ 

end/oop 70 __ _ 

80 GOTO 10 

90 __ _ 

c o 

continue if 109;col expo true logical expo 

r-_.&~~IT~~ false 

Figure 7.15 The loop ... continue if ... endloop loop: 
(a) Pseudocode. (b) BAS IC implementation. 
(c) Structured flowchart. (d) Train track equivalent. 

EXERCISE 7-1 
The dimensions, in feet . of a tract of land are shown in 
this figure: 

Exercise 7~1 

150 

300 ~20 410 

/' 
720 

------260 
------

______ 650 

-----490 
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Modify the program shown in Figure 7.4 to calculate 
the acreage of this tract of land. The total acreage can 
be found by computing the area of each of the four 
triangles and adding the results. One acre = 43.560 
square feet. 

EXERCISE 7-2 
Suppose that the tract of land shown in Exercise 7-1 
contains a circular pond 200 feet in diameter com­
pletely within its boundaries. Write a program that 
will compute the acreage of the land , excluding the 
water. 

EXERCISE 7-3 
The Fibonacci sequence 

2 3 5 8 13 21 ... 

has the property that each number in the sequence 
(starting with the third) is the sum of the two numbers 
immediately preceding it. Write a program that will 
display on the screen all numbers in the Fibonacci 
sequence that a re less than 1000. 

EXERCISE 7-4 
You decide to deposit an amount of money, D, in a 
savings account each month. The account pays P 
perce nt interest, compounded monthly. Write a 
program that will accept D and P as inputs from the 
keyboard and then determine the number of years 
(and months) that it will take for you to accumulate a 
million dollars. 

The amount of interest added to the account each 
month is determined in the following way: If B is the 
ba lance in the account at the beginning of the month , 
then at the end of the month an amount of interest 
B* M R is added to the account. (M R is the monthly 
interest rate . eq ual to O.OI *P I 12.) Thus, the total 
amount of money in the account at the end of the 
month will be equal to B+B*MR. 

Run the program for the following cases: 

a. deposit $500 per month at 8% interest 

b. deposit $1 ,000 per month at 10% interest 

c. deposit $1,000 per month at 12% interest. 

EXERCISE 7-5 
Manhattan Island was purchased from the Indians in 
1626 for $24. If that $24 had been deposited in 1626 in a 
bank paying 4% interest, compounded annually, what 
would it be worth today? 

EXERCISE 7-6 
If you deposit $100 each year in a bank account 
paying 5% interest, compounded annually, how much 
money will you have after ten years? 



EXERCISE 7-7 
Population growth. In 1980 the U.S. birth rate was 
16.2 births per 1000 population , the death rate was 8. 9 
deaths per 1000 popu lation, and the net migration ra tc 
(including those entering a nd lea vi ng the co untry) was 
2.0 per 1000 populat ion. Assume tha t these rates will 
remain constant in the fu ture and that the populat ion 
of the United States a t the begin ning of 1980 was 
226,504,825. Also assume for the purpose of simu­
lating this process on the comp uter that all births. 
deaths, a nd immigra ti ons take place on the las t day o f 
each year. Write a nd run a program tha t will 
determine in which year the population of the U.S. wi ll 
reach 300,000,000. 

EXERC ISE 7-8 
A rocket is fired ve rtica lly into the air with an initial 
veloci ty of V feet per seco nd . The height H of the 
rocket above the ground at any time T is given by 

H = - 16. 1 T ' + VT 

Write a program that will: 

a. accept a va lue of V entered from the keyboard, 

b. print the letters T a nd H for a table heading, 

c. compute H for va lues of T starting a t 0 and 
increasing at one-second interva ls until the rocket 
hits the g rou nd, and 

d. print the val ues of T and H in the form ofa tab le. 
Run the progra m using a val ue of V = 200 fec t per 
seeo nd. 

61 



DISPLA 
LEARNING 

In Chapter 7 you learned how to use the IF ... TH EN 
statement to form various looping structures in 
BASIC. There is another looping structure avai lable 
in BASIC that is called a FOR ... NEXT loop. Thi s 
loop uses the BASIC statements FOR and NEXT and 
is pa rticularly useful when you know how many times 
you want to go through a loop. 

In this chapter you will learn: 

I. how to form a FOR ... NEXT loop 

2. to draw lines and boxes using the FOR ... NEXT 
loop 

3. how to use nested FOR ... NEXT loops 

4. how to display the American nag on the 
Commodore 64 / VIC 20 screen. 

THE FOR ... NEXT LOOP 

The general form of a FOR ... NEXT loop is shown in 
Figure 8.1 . When statement 10 is executed , the va lue of 
1, called the index variable, is equated to M I and 
statements 20. 30, and 40 are executed. If M3 > 0, then 
when statement 50 is executed the value of I wi ll be 
incremented by M3 , and if I is less than orequalto M2, 
statements 20, 30, and 40 will be executed again. T his 
process continues until I becomes greater than M2. at 
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FLAG: 
... NEXT 

which point the program branches to line 60. Every 
time around the loop I is incremen ted by M3. In line 10 
the phrase STEP M3 is optional. If it is omitted, an 
increment of I is assumed . 

If M 3 < 0, then when statement 50 is executed, the 
value of 1 will be decremented by M3 , and statements 
20, 30, and 40 will continue to be executed until I 
becomes less than M2. 

Figure 8.1 General fo rm of the FOR ... NEXT loop. 

10 FOR I=Ml TO M2 STEP M3 
20---

30---

40 

50 NEXTI 

60---

The pseudocode and structured Oowchart equiv­
alent of the FOR .. . N EXT loop arc shown in Figure 8.2 
for the case M3> O. When writing pseudocode or 
drawing structured flowcharts, you can also use the 
representations of the FOR ... NEXT loop shown in 
Figure 8.3. The FOR ... NEXT loop is a lways executed 
at least once, even if M I is greater than M2 and M3 is 
pos it ive. 



1000 ' ---

~~I>M2 '",UI unlll J > M2 

(a) (b) 

Figure 8.2 (a) Pseudocode and (b) structured flowchart 
equivalent of the FOR ... NEXT loop. 

fo, i-I to 10 'I~ 2 

(a) (b) 

Figure 8.3 (a) Pseudocode and (b) st ructured flowcha rt 
representation of the FOR ... NEXT loop. 

Immediate Mode Execution 
of the FOR ... NEXT Loop 

If the ent ire FOR ... NEXT loop can fit on four scree n 
lines on the VIC 20 or two screen lines on the 
Commodore 64, you can execute the loop in the 
immediate mode. To see how the FOR ... NEXT loop 
works, try typing in the following examp les in the 
immediate mode. 

FOR 1= 1 TO 10:? I;:NEXT! 

FOR 1=1 TO 10 STEP 2:? I;: NEXT! 

FOR J =10 TO 1 STEP - I:? J;: NEXTJ 

FOR 1=1 TO 10: ?"SHIFT B CURSOR DOWN 
CURSOR LEFT";: NEXT 

These examp les are shown in Figure 8.4. Note from 
the fourth example that the index variable I on NEXTI 
is optiona l, and NEXT! can be written simply as 
NEXT. We will normally use only NEXT, except in 
nested FOR ... NEXT loops, where it is helpful to know 
which NEXT goes with which loop. 

Drawing Boxes 

Figure 8.5 shows the listing ofa program that draws a 
large box on the screen. Type in this program and run 
it. The result of running th is program on both the VIC 
20 and the Commodore 64 is shown in Figure 8.6. 

Study this program and make sure tha t you 
understand how it works. Line 5 clea rs the screen. Line 
10 draws the top of the box from left to right. Line 20 

Figure 8.4 Examples of using the FOR ... NEXT loop in 
the immediate mode. 

Figure 8.S listi ng of program to draw a large box. 

2 REI1 PF:OGRA I" TO DRA~·j A LARGE BO;~ 
5 PRHn"~] "; 
113 FOR 1=1 TO 20 ' PRItH" _ "; ' NE :";T' PRINT"~l".: 
20 FOR 1=1 TO 2'3 ' PRIHT "I ~.II".: ' !·lEXT' PRINT"Il" .: 
:313 FOR 1=1 TO 20 ' PRIrlT"-'III" ; 'NEXT' PRINT ":,]" ; 
40 FOR 1=1 TO 20 'PRIrn" t1Il"; ' HDn 
50 FOR 1=1 TO 20'30' ~lEXT 

READ',> • 

draws the right side of the box from top to bottom. 
Line 30draws the bottom of the box from right to left. 
Note that eac h time the PR INT statement in line 30 is 
executed, one line segment is printed, followed by two 
CU RSO R LEFT movements. Line 40 draws the left 
sid e of the box from bottom to top. The statement 50 
FOR 1= 1 TO 2000: NEXT creates a time delay so you 
can view the box briefly before the "READY." 
message is displayed. 

In each of the FOR statements in lines 10-40 the 
index I goes from I to 20 , so 20 line segments are 
drawn on eac h side of the box. Therefore, the box 
should be sq uare. But from Figure 8.6 you can see that 
the width is greater than the height on the VIC 20 and 
the height is greater than the width on the Commodore 
64. (This result may vary somewhat depending upon 
the type of television or monitor being used for 
display.) In the case of the VIC 20, whe n the dot s are 
displayed on the video screen , they are closer together 
a long a vertical line than along a horizonta l line. Thus, 
a vertica l line segment consisting of eight dots wi ll be 
somewhat shorter than a horizontal one. On the 
Commodore 64, the si tuation is reversed. 

In order to correct for this inherent difference in 
scale between horizont,!l and vertical lines, measu re 
the sides of whichever rectangle is appropriate in 
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(a) r.:::= :.------=;;:::::;;e 

Figure 8.6 Result of running the program in Figure 8.5 
on (a ) the VIC 20 and (b) the Commodore 64. 

F igure 8. 6. We meas ured a wid th of 6 y, inches and a 
height of 4 y. inches o n the V IC 20 screen and a wid th 
of 4 ~ inches and a height of 6 ~ inches on the 
Commodore 64 screen. Thus, the ratio of width to 
height is 

6 y, 6.5 
4 Y. = 4.25 = 1.53 

on the V IC 20 and 

4 14 = 4.75 = 76 
6 Y. 6.25 . 

on the Commodore 64. Therefo re. instead of making 
the horizonta l lines 20 units lo ng, we really should 

make them 20 / I .53 = 13.07= 13 uni ts long in the case 
of the VIC 20. In the case of the Co m modore 64, we 
sho uld make them 20/ .76 = 26.3 1 = 26 units long. 
Whe n we cha nge the va lues of20 in lines 10 a nd 30 to 
13 fo rthe VIC 20 and 26 in the case o f the Commodore 
64, we get Figure 8.7. both parts of which arc nearly 
squares. 
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If you look c lose ly at th e boxes in Figure 8.6 and 
Figure 8.7 . yo u will notice that the corners do not 
meet. This is because as we draw the bo x, the cursor is 
a lways on the aU/side of the box. We cou ld fill in the 
corne rs by using the graphic cha racters on the a ,p,L, 
and @ keys. However, in this case the cursor must be 
inside the box when drawing the sides. This can be 
illustrated by using the BASI C statements shown in 
Figure 8.8a to draw two sides of the box. 

Line 150 clears the screen. Line 160 moves the 
curso r to the HOME position and then prints the 
symbol on the 0 key to form the corner. The 
FOR ... N EXT loop t he n prints seventee n line segments 
a long the top. Line 170 m oves the cursor back HOM E 
a nd the n down one. The FOR ... NEXT loop then 
prints thirtee n line segments a long the left edge of the 
screen. Finall y, the cursor is moved five more lines 
down the scree n so that the READY message will 
appear at the bottom of the sc reen . (L ines 160 and 170 
wi ll be used la te r in this chapte r to fo rm part of the 
nag.) 

Figure 8.7 Dividing the le ngth of a ll horizonta l lines in 
Figure 8.6 by a facto r will produce a squa re: (a) VIC 
20 with factor 1.53. (b) Commodore 64 wit h factor .76. 

I 
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Figure 8.8 The program in (a l produces the two 
intersecting lines in (b). 

(' 1150 PR IHT " :1" 
160 PRIHT ";.'f""" .. :FOR 1;1 TO 17:PF:INT " - " .: :NEXT I 
170 PR IHT "::at!l"; : FOR I; 1 TO 13: F'R UH "I :'.11" .: . NE)(T I : PF: I NT " .~m'.w~" 

READ'" • 

lbl_-------------....., 

I"'"D Y • 

NESTED FOR ... NEXT LOOPS 

FOR .. . N EXT loo ps may be nesled. This means tha t 
we can put one FO R ... NEX T loop complelely with in 
an o ther on e. Whe n th is is d o ne , t he inner 
FOR .. . NEXT loo p is executed complete ly during each 
pass through the oute r loop_ This ma kes it easy to 

perform fa irly complex operations. 

P lotting Areas 

In orde r to sec how nes ted FOR ... N EXT loops work , 
type in the fo llo wing FOR ... NEXT loop in the 
immediate mode: 

FOR X= I TO 6: ?"LOGO+";: NEXTX 

This s tatement will disp la y a ro w o f six graph ic 
symbols, as shown in Figure 8.9 . 

Figure 8.9 Display ing one row of graphic symbo ls. 

Now sup pose you wou ld li ke to d isplay a rectan­
gula r a rea con sisting of seve n of the rows shown in 
Figure 8.9. You can do this with the following 
a lgo rithm: 

fo r y= 1 to 7 
draw one row of length 6 
move cursor down one and back 6 

nex t y 

The BAS IC program to do this is shown in Figure 
8. 10. Line 10 defines the s t ring BS which consists of 
one CU RSOR DOW N a nd six C URSOR LEFT 
movements. Lines 20-50 define thc oute r loop, and 
li nes 30-40 define the inner loop. This inner loop is the 
FOR .. . N EXT loo p sho wn in Figure 8.9 tha t dra ws one 
row of length 6. T he statement PRINT B$ in line 50 
will move the cu rsor d ow n one a nd back six. 
The refo re. the next time through the outer Y 
FOR ... N EXT loop, the row plotted by the X 
FOR ... N EXT loop will be d isplayed directly below the 
prev ious row. After seve n tr ips through the Y loop, a n 
a rea seve n rows high will have bee n plo tted as shown 
in Figure 8.10. You sho uld stud y this figure and make 
sure you u nde rstand how nested FOR ... NEXT loops 
work. 

Figure 8.10 Nested FOR ... NEXT lo ops can be used to 
plot areas. 

65 



Plotting a n Array of Points 

Modify the program shown in F igure 8. 10 by making 
the foll owing changcs: 

I. add two bla nk spaces following the gra phic 
symbol in the string in line 40 

2. change the PR INT sta tement in line 50 to 
PRINT 8$;8$;8$; 

If you make thcsc changes a nd run the mod ified 
program. you should get the resu lt shown in Figure 
8. 11 . Note that the inne r loop st ill plots a single row 
consisting of six co ncatenated st rings. However, now 
each string conta ins three characters (the grap hic 
symbol plus two blanks). This mea ns that eac h row is 
now eighteen characters long. Since B$ is plotted three 
times in li ne 50, the cu rsor is moved a tota l of three 
locations down and eighteen back. 

Plott ing the Star F ield 

When we disp lay the nag later in th is chapter we will 
need to plot the star fi eld. We will use the small squares 
located o n the left front of the C (V on the VIC 20) and 
F keys to represent the stars. These will be arra nged 
according to the patterns shown in Figure 8. 12. 

I f you look ca refully at these patterns, you will see 
that they consis t of two rectangular arrays of poi nts; 

Figure 8.11 (al Mod ified program to d isplay an array 
of points. (bl Execution of program in (al. 

lal H) B$~" Jlllillilil" 
·20 FOR 'Tl ;:;: 1 TO 7 
:~:~1 FOR >-=::;:;; 1 TO 6 
,\[1 PR I HT "~i:' " .• HDn:·< 
5'3 PRIIH Bf .: Bot; Bot.: • tjE:~r,' 

READ'f. 

Ibl 
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0 0 0 0 0 0 

0 0 0 0 _ 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 o . 
0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 ' 0 

! I ' Ibl 

0 0 0 0 0 0 

0 0 0 0
1 

0 

0 0 0 o j D ' 0 
! 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 o . 0 

0 0 0 0 0 0 

Figure 8.12 Patte rn used to display the star fie ld in the 
flag: (a l Commodore 64 and (bl VIC 20. 

one is a 5 X 6 array using the graphic character LOGO 
C ( LOGO V on the VIC 20) and the other is a 4 X 5 
array using the graphic cha racter LOGO F. These two 
rectangular arrays will be plotted separately. 

The first rectangu lar array ca n be plo tted using the 
fo ll owing a lgorithm: 

clear screen 

home cursor 

for y= I to 5 
move cursor to beginning of next line 
for x= I to 6 

print "s pace LOGO C space"; ("space LOGO V" 
on the VIC 20) 

next x 
move cursor to beginning of next line twice 

next y 

You shou ld study this a lgorithm to see how it produces 
the 5 X 6 array of points shown in Figure 8 .12. The 
BAS IC program for implementing this a lgorithm on 
the Commodore 64, and its execution , are shown in 



Figure 8.1 3. Note that the statement PRINT is used to 
"move cursor to beginning of next line." 

The second 4 X 5 rectangular array shown in Figure 
8. 12 needs to be interleaved with the first array of 
points. This can be accomplished by adding the 
following a lgorithm: 

horne cursor 

move cursor down 2 

for y= I to 4 
print space 
for x= I to 5 

print "space space LOGO F"; ("space LOGO F" 
on the VIC 20) 

next x 
move cursor to beginning of next line 3 times 

next y 

Figure 8.13 (a) Commodore 64 BAS IC program to 
display first rectangula r array of points for star fie ld. 
(b) Execution of statements in (a). 

lal 90 PF: a n " ::I" 

Ibl 

100 PR lt·n 11;:1"}: FOR 'y:::: l TO 5: PRI HT 
110 FOF: :'~ = 1 TO ;; : PRI IH " ''' .: : 1'~E:'n>( 
12(' PF: nn : PR I IH : I-iE:,l'T' 

RERDY. 

T he BAS IC statements for imp lementing th is algo­
rithm o n the Commodore 64 arc g iven in lines 130- 150 
in Figure 8.14a. Lines 90- 120 are the same as the o nes 
shown in Figure 8.l3a. Therefore , when a ll of the 
statements in Figure 8.14a arc executed. the array 
shown in Figure 8.l3b is plotted first, fo llowed by the 
interleaved 4 X 5 array. as shown in Figure 8. 14b. 

(Sta tements 100- 150 wi ll be used late r in the cha pte r 
to pl ot the sta r fi eld in the nag.) 

Figure 8.14 (a) Commodore 64 BAS IC program to 
d isplay star fi e ld. (b) Star fie ld displayed by program 
in (a ). 

9'-, PF: ItH"::I" 1'1 
1<:'1'::; PI':an " ~" ; : FOR ',= 1 TO 5 : PRItH 
110 FOR ;<=1 TO '; : PRIIH " . " ;: ,~E:,n: 
120 PRINT:PRINT:NEXTY 
130 PF: nn" 'O[!I!I\l"; :FOR ','= 1 TO 4 :P,:IHT " 
14'3 FOR :.:= 1 TO 5: PF~ ItH" • " .: : 1 '~ E>n:': 
1 : ,0 PR IHT : PR nn : PR nn : HE:':TY 

REAlI'T'. 

• • • • • • 
• • • • • 

• • • • • • 
• • • • • 

• • • • • • 
• • • • • 

• • • • • • 
• • • • • 

• • • • • • 
[RDY. 

Making Stripes' 

The one additiona l thing we need to learn in order to 
display OUf flag is how to make stripes. In this section 
we will write a general program that ca n display any 
size striped pa tte rn made from any graphic characte rs. 
The program will ask the user to ent e r the foll owing 
va lues from the keyboard: 

I. the number of stripes, N, to be plotted 

2. the width of each stripe, W 

3. the length of each str ipe, L 

4. the two characters. AS and BS, from which the 
stripes wi ll be fo rmed. 

G iven these variables, F igure 8.15 shows an a lgo rithm 
that will displa y N stripes, each of width Wand length 
L, starting with the AS pattern. 

Figure 8.15 Algorithm for displaying N stripes, each of 
width Wa nd le ngth L, starting wi th the pattern A$. 

clear screen 
C$ = A$ 
for y= 1 to N 

for i= 1 to W 
for x= l to L 

print C$; 
next x 
move cursor to beginning of next line 

next i 
jf C$=A$ 
then C$ = B$ 
else C$ = A$ 

next y 67 
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In th is a lgo rith m the in nermost FOR ... NEXT loop 
(fo r x) will plot o ne row of L characters CS. (The str ing 
CS is in it ia lly equated to AS .) The midd le 
FOR ... NEXT loop (for i) wi ll plot W rows containing 
the CScharacter. This will result in a st ripe of widt h W. 
After this FOR ... NEXT loop is completed, tbe 
character in CS is changed to the other st ripe 
character, usi ng the ij. .. rhen. .. e/se statement. The 
outer FO R ... NEXT loop (for y) will continue to p lot 
stripes unt il N stripes ha,,,, been p lotted. 

A list ing of the BAS IC program corresponding to 
this a lgorithm is shown in Figure 8. 16. Type in th is 
program a nd run it. A sa mple fun of this program is 
shown in F igure 8.1 7. You should try making different 
kinds of stripes using this program. Another sample 
run of this program is shown in Figure 8. 18. We will 

Figure 8.16 BASIC li st ing of program to make str ipes. 

10 REt-l PROI3RRI'l TO 1'1R~: E !::TRI PES 
20 I NPUT "EfITEF; t'~Ur1BER OF ',:TF: I F'E'::: " ; f~ 
:313 HWUT" EHTEJ;: (, I DTH OF EFICH SHU PE" .: (.j 
4[1 m pUT" EHlER LEt~(iTH OF EACH :,:TR I PE" ; L 
513 HWUT "EHTEJ;: 2 CHRJ;:ACTER',:"; A$, B:. 
6(:":1 PR I t·n 10:')11 ; : C$:::::A$ 
713 FOR '1'=1 TO t·~ 
E:0 FOR 1=1 TD I,j 
90 FOR ,;=1 TO L ' PRm T U.: 'HE:,T" 
1013 PR H IT ' f~ Ei<TI 
11 13 I F C$=A$ THE" C$=E:$' [:,OTO 13[1 
128 C$=R$ 
130 NE:':T'r' 

RERD'1'. 

Figure 8.17 Sample run of program shown in Figure 8.16. 

RUN 
ENTER NUMBER or STRIPES? 5 
ENTER WIDTH or EACH STRIPE? 4 
ENTER LENGTH or EACH STRIPE? 20 

NTER 2 CHARACTERS? /,\ 

68 

RUN 
ENTER NUMBER Of STRIPES? 12 
ENTER WIDTH Of EACH STRIPE? 2 
ENTER LENGTH or EACH STRIPE? 39 ' 

NTER 2 CHARACTERS? "!l:l !", "il:j !"I 

Figure 8.18 A second ru n of program shown in Figure 
8.16. (for the VIC 20, use 11 str ipes of lengt hs 21.) 

use the va lues shown in thi s example to help display 
our nag. 

Not ice that in Figure 8. 18 we asked fo r twelve 
stripes, (e leven is co rrect fo r the VIC) sta rting with the 
dark stri pe. Th is is ac tua lly what was plotted , bu t the 
first str ipe was scro lled off the top of the scree n when 
the rcady message was printed. One way to keep the 
READY message fro m be ing printed (a nd therefore 
from scro lling the pattern off the screen) is to end the 
program with a statement such as 185 GOTO 185. This 
will cause li ne 185 to loop to itse lf foreve r (o r un til yo u 
press the STO P key). But the R EADY message wi ll 
not be displayed because the program is still execut ing. 
We wi ll use this t rick when displaying o ur nag. 

DISPLA YING THE FLAG 

T he Ame rican flag has th irteen st ripes . If we use two 
screen li nes for each str ipe, we will require twenty-six 
lines. But the Commodo re 64 has o nly twenty-five 
screen lines a nd the VIC 20 has o nly twen ty-three. 
Therefore, we wil l have to compromise and plot on ly 
o ne scree n line for the boltom red stripe of the flag in 
t he case o f the Commodore 64 and om it th e boltom 
red stripe and ha lf of the whi te stripe a bove it in the 
case of the VIC 20. T he star fie ld show n in Figure 8.12 
is fou rteen screen li nes high, wh ich correspo nds to the 
upper seven st ripes of the nag. This is the correct size 
of the sta r field. 



The BAS IC program shown in Figures 8.1 9a a nd 
8. 19b will display the st ripes o r the l1a g. Lines 20-60 or 
Figure 8.19a co nta in the algo rithm shown in Figure 
8. 15. with N= 12. W= 2. and L= 39. Th is will produce 
the fi rst twelve stripes on the Commod ore 64 . Line 70 
will display one screen line of the thirteent h stripe. 
Line 185 prevents the flag rrom being scro lled orr the 
lOp of the screen. Figure 8.20a shows the stripes 
produced by the program in F igure 8.1 9a. 

Lines 20-60 or Figure 8. 19b conta in the a lgorithm 
o r Figurc 8.15. wit h N= II , W= 2, and L= 21. This 
produces the first cleve n stripes on the VIC 20. The 
lwclveth stri pe. which is while on the flag, occurs by 
derault sincc thc background co lor on the VIC 20 is 
white. H oweve r. this str ipe is only one screen line 
instead o \" twO. Fi gure 8. 20 b shows the stripes 
produced by the progra m in Figure 8.19b . 

We now need to ad d the "bl ue" rield to Figure 8.20. 
This wi ll bed onc byblank ingo llt a 14 X 18 ( 14 X 120n 
the VIC 20) a rea in the up per left-ha nd co rner or the 
screen. The following algorithm wi ll do this : 

home cursor 
fo r y= O to 13 

ror x= O to 17 ( l i on thc VIC 20) 
pri nt" ": 

nex t x 
move cursor to beginning of next line 

next y 

This a lgori thm is acco mplished by add ing lines 80 a nd 
90 to our progra ms as shown in Figure 8.2 1. T he result 

Figure 8,19 Program to d isplay the 13 stripes of the 
flag. (a) Commodore 64. (b) VIC 20. 

(a) 1(1 RH I PROCi RAt'l FOR DI:3PLF1'l' IHG FLAG 
2 ~j PR I HT 11:111 ; : A$= II ~" : B$= II =- '1 : C$=At 
:313 FDR '1'= 1 TO 12 ' FDR f~ = 1 TD 2' F'i<: ItH Ct ·; 
4~j FOF~ ~~ ::; 1 TO :;:9 : PP UH II ~~ ~" ; : t'~ EXT>~ 

45 F'R ItH ' NE)m~ 
5'" IF C$=R$ THEN C$=B$ ' GOTO 6D 
55 C$=A$ 
68 ~~E;rr " r' 
78 PFm-n " r~" ; , FOR 1'-1=1 TO :,:9 ' PR I1H " ;, !!" ; ' f~E;,n~ 

1:::5 OOTO 185 

READ'I , 

fbi Hi REI'! PROGRAt'l FOR DI :3PUi 'r'UKi FLAG 
20 PRI HT ":JII j : R$= lIr~ lI : 1:$:::: 11 =I" : C$=A$ 
30 FOR Y= 1 TO 11 ' FOR N= 1 TO 2' PRINT C$ ; 
40 FOR ;,=1 TO 2 1 ' PR ItH " ~ !!"; ' !'~H:n~ 
45 PR un , '~E;.<n~ 
50 I F Ci ·=A$ THE!4 C$=B$ ' CiOTO 613 
55 C$=A$ 
60 NEXW 
185 GO TO 185 

READ'I , 

===------,(a) 

Figure 8.20 Result of execut ing program shown in 
Figure 8.1 9. (a) Commodore 64. (b) VIC 20. 

of execut ing these new programs is shown in Figure 
8.22. 

(b) 

We now need to add the sta r rie ld. This is done by 
add ing lines 100- 150 rrom Figure 8. 14. The resuiting 
programs and their execution are shown in Figures 
8.23 and 8.24. Note we have narrowed the horizo nta l 
distance between stars in the case of the VIC 20 by 
omitting one space when we print each star in lines 110 
a nd 140. There is a subtle difference between the 
progra ms ror the Commod ore 64 and VIC 20 in 
d isplaying the stars. S ince the background co lor on the 
Commodore 64 is blue, we set the cha racter color to 
white in line 100. Thus, when we print we get white 
characters on a blue background. However, in the case 
or the VIC 20, the background co lor is white. 
Therefore, in line 100, we leave the color blue and 
emp loy reverse video every t ime we specify the cha r­
acter to print. The result is aga in white cha racters on 
a blue background. 
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Figure 8.21 Programs to add the "b lue" fie ld to the 
flag. (al Commodore 64. (bl VIC 20. 

10 REt'l PROGRAM FOR II I SPLA'n NG FLRG 
213 PRHlT":,]"; : A$="r~" : B$=""": C$=A$ 
313 FOR ',=1 TO 12 : FOR N=1 TO 2 : PRINT C$; 
413 FOR X=1 TO 39 : PRINT ";, !!"; : t'IEin~, 
45 PR I m : NE~'m~ 
50 IF C$=R$ THEt, C$=B$ : GOTO 60 
55 C$=A$ 
60 rlEXT't' 
713 PR nn "r~" ;: FOR rl= 1 TO 39 : PR I NT":< !!" ; : NE :><TN 
80 PRIfn ";,c"; : FOR ',=13 TO 1:3 
90 FOR X=0 TO 17: PRIm " :< !!" .' : NEi<:T :~: P[;:It-n: flE :·(W 
185 GOTO 185 

READ', . 

10 REt'l PROGRA~1 FOR DI~'PLfWnlG FLAG 
20 PR nn II:JII j : A$=" f=i" : B$=" =-11 : C:1:;;A$ 
:30 FOR ',=1 TO 11 : FOR fl=1 TO 2:PF:rrn [:$.' 
40 FOR X= 1 TO 2 1 : PRIHT ";, !!"; : flEXT :~ 
45 PR rrn : NEXTN 
50 IF C$=A$ THEN [:$=B$ GOTO 613 
55 C$=A$ 
613 rlEXW 
80 PR I t·n ";:r.GII; : FOR '1'=0 TO 13 
913 FOR X=0 TO 11 : PRItH ":< !!!"; : rlE r;T~,: PRIHT : NErT, 
185 GOTO 185 

RERD',. 

Figure 8.22 Result of executing program shown in f igure 8.21: (al Commodore 64 and (bl VIC 20. 

Finally we need to add a contrasting edge to the top 
and left-hand side of the "blue" fie ld . This can be done 
byaddinglines 160and 170 from Figure 8.8. The final 
p rograms and flags are shown in Figures 8.25 and 8.26. 

EXERC ISE 8- 1 
Use FOR ... NEXT loops to implement the checker­
board algorithm given in Figure 7.8. Run the program 
and display the brick wall shown in Figure 7,9', 

70 

EXERC ISE 8-2 
\Vritea program that will compute and prim the cubes 
of the odd integers between I and 20. 

EXERC ISE 8-3 
There arc ce rtain three-digit numbers. called "magic 
numbers. "The sum of the cubes of the digits of a magic 
number equals the number itse lf. 

(b) 



Figure 8.23 Programs to add the star field to the flag. 
(a) Commodore 64. (b) VIC 20. 

Hi REt'l PROGRRt'l FOR D I :3PLRY ING FLRG 
20 PRINTII:"ju j ; A$=II~:II" : B$:;II =-11 : C$=A$ 
30 FOR '~=I TO 12 : FOR I'~=I TO 2 : PRIflT C:$ ; 
40 FOR X= I TO 39 : PR nn "" !!!"; : 1'~E ,<n( 
45 PR Hn : flE>m~ 
5[' IF C$=A:t THEfl Ct=B$ : GO TO 60 
55 C$=A$ 
60 ~~EXW 
70 PRHn "r~" ;: FOR H=I TO 39 : p~: rflT " ,. !!".: : ~~Exn~ 
80 PRHn "="; : FOR '~=0 TO 13 
913 FOF: ,·:=0 TO 17 : PI':IHT " •• !!!" .: : ~~E)nt(' PRINT: flE,;T'f 
1013 PRIIn "~=-" ; : FOR Y=1 TO 5 : F'RHiT 
110 FOR ,,:=1 TO 6 : PRlflT " • ".: : flEi(T>': 
120 PR Hn: PR Hn : NEXT',' 
13£' PRHn "::l:0J"; : FOR 'f=1 TO 4 : PRIrlT " " . 
14£1 FOR X:; 1 TO 5 : F'R I t·n II • " .; : ~~E~-<T ~"'~ 
150 PRINT : PRINT : PRIHT: HE:':T' r' 
185 GOTO 1:35 

2~1 PRI~nll:1" ; : \1$=11[:11": B$= II :11 I1 : C$=A$ 
30 FOR Y=1 TO 11 : FOR fl=1 TO 2 : PRlflT c:. ; 
40 FOR X=I TO 2 1: PRHn ":< !!!" ; : t'~EXn( 
45 PR I In : flE>m'~ 
50 IF C$=A$ THEN C$=B$ : CiOTO 60 
55 C$:=A$ 
60 NE:~rr 
80 PRIHT "="; : FOR 'f=>:' TO 13 
98 FOR i<=[' TO 11 : PR Im"'l !!!" ; : t~E::-m< . PI': HIT : NEi'(T'f 
lee PRIm "'=l" ; : FOR 'f=1 TO 5 : pF.:lm 
11'3 FOR X=1 TO 6 : PRINT ":l ." ; : HE'a x 
120 PR ItH : PR Hn: NEi(T'f 
B., PRIIH";.'!IlI'J" ; : FOR '1'=1 TO 4 F'RIIH ";l " . 
140 FOR >~=1 TO 5 : PRlt·H II ~ • II j : t'~E>n >~ 
150 PR ItH : PR HiT : PR I tH : HE~:T'f 
185 GOTO 185 

READ'f. 

Figure 8.24 Result of executing programs shown in Figure B.23. (a) Commodore 64. (b) VIC 20, 

(b) 
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Figure 8.25 Final programs to display flag. (a) 
Commodore 64. (b) VIC 20. 

10 F:Hl PROGF:At'l FOR D I SPLA'f] HO FLAG 
20 PR It~T" :1" ; : A$= II ~~ .. : B$=" =-11 : C$=A$ 
30 FOR '.,'=1 TO 12 : FOF: H=1 TO 2: PRItH C$.: 
40 FOR ;<=1 TO 39 : PRl t~T " ~~ ~" .; : ~~E~<T>~ 
45 PR lHT : fiEXTH 
5 0 IF C$=A$ THEH C$=B$ : GOTO 6tl 
55 C$=A$ 
60 fiE XW 
7 0 F'R ItH "~~ " ;: FOR t~= 1 TO 39 PR lHT".l !!".: : HEXHI 
80 PRIm "::C" ; : FOR '~=0 TO 13 
:,<IJ FOR :~ =(1 TO 17: PF:HIT ":1 !!!".: : NE:~n~ PIi:ltH: HEXri 
10'" PRItH ";oJ,."; : FOR 'i=1 Te, 5:PRUIT 
110 FOR :~= 1 TO 6 : PR ItH " .";: NEXTX 
120 PRIHT PRUIT' fiEXW 
130 PR ItH ";:J'XlIl" ; : FOR '~=1 TO 4 : "'RIt-1T " 
140 FOR X=l TO 5:PRINT" _".; : NE>n>~ 
150 PRIHT : PRlHT : PRIm : t'iEXW 
160 PRINT"~".: : FOR I =1 TO 17 : PRlHT" -" ; : fiEXTI 
17 0 PRItH""'l!!l"; : FOR 1=1 TO 13: F'R ItH " I ~J I ".: : fiE XTI 
180 PR HIT" )l!1\[,r.m,m,l" ; 
185 GOTO 185 

READ '~. 

20 PR I tH":111 j ; A$=" ::i" : B$=" :::t il : C:*:=I1$ 
3'3 FOR 'i=1 TO 11 : FOF: fi =1 TO 2 : PR HIT C~:.: 
40 FOR ,:= 1 TO 21 : PR I fiT ":1 !'!".: : flE:~T:'\ 
45 PR I NT : fiEXHi 
50 IF C$=A$ THEfi C$=B$ : GOTO 6') 
55 C$=A$ 
60 HExri 
80 PRlHT "::8:"; : FOR '1'=0 TO 13 
90 FOR X=') TO 11 : PRHIT ".1 !'!".: : HE:HX: Pr,: IfIT HE,TT' 
100 PRHIT ";:J" ; : FOR 'r=1 TO 5:PRHIT 
110 FOR ;~ = 1 TO 6 : PR nIT " .1 • " ; : f1E:~TX 
120 PRlflT :PRlflT : NE XT'1' 
130 PRHIT";:J'l~" ; :FOR 'i=1 TO 4 :PR INT ":1 
140 FOR X=1 TO 5 : PR UIT " :1 ."; : t'iE,nx 
150 PR IfIT : PR HIT : PR ItH : NEXW 
160 PRIIH";:J;;r"; : FOR 1=1 TO 11 : PR UIT " :r" ; : NE~:T! 
170 PRINT")::!!!l"; : FOR 1=1 TO 1:3: PRUIT":~ :,11" ; : NEXT! 
1813 PR HIT " lllnr.nr'l~l" ; 
185 GOTO 185 

READ'i . 

8.26 Flags produced by programs shown in Figure 8,25. (a) Commodore 64. (b) VIC 20. 
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Write a program that will print the va lue of a II such 
magic numbers in a co lumn , in which each line is of the 
form A MAGIC NUMBER IS --------. 

Use three nested FOR .. . NEXT loops with index 
variables I,J ,K. The values of I.J. and K are taken as 
the digits of a number between 100 and 999. The 
number N is computed as N= lOO*1+10*J+K. N ca n 
then be compared to the sum of the cube of its digits to 
see if it is "magic." 

EXERC ISE 8-4 
Write a program that will draw a large checkerboa rd 
(8X8), suita ble fo r playing a game of checkers, on the 
screen. 

EXER C ISE 8-5 
Write a program that wi ll ask the use r to supply the 
size of a square box and that will then draw the bo x. 
The program should be a ble to make the box as square 

as possible and test to ma ke sure tha t it will fit on the 
screen. 

EXERC ISE 8-6 
An area seven characters wide and nine characters 
high , made up of the left graphic character on the + 
key, can be used to represent a face-down playing card. 
Write a program that will display this figure on the 
screen. 

EXERC IS E 8-7 
Write a program that wi ll produce a "random" stripe 
pattern that fi lls the screen. The stripe pattern should 
be made up of two graphic characters that can be 
entered from the keyboard. Each horizontal line on 
the screen should have a 50 / 50 cha nce of being made 
from one of the two gra phic characters. The width of 
each stripe in the pattern will then vary ra nd omly. 
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Often you will have a sequence of BASIC statements 
that you would like to execute at several different 
locations wit hin a program. Instead of having 10 

repeat this sequence of statements eve ry time you want 
to use it, yo u can write the statements only once as a 
subroutine and then call the subroutine each time yo u 
want to execute these statements. 

Subroutines are also useful as a means of writ ing 
progra ms in a modular fas hion . Th is becomes more 
and more important as the size of a program grows. 
Program segments that perform pa rt icular functions 
can be written as subrout ines and then ca lled when a 
given function needs 10 be performed. Beca use the 
Commodore 64/ VIC 20 scree n ca n display a ma xi­
mum of only twenty-threc/ twenty-o ne program li nes 
(leaving two lines fo r the READY message and the 
curso r), you should tfy to code yo ur main program 
and your subroutines so that each fit s within twenty­
three / twenty-one screen li nes . This will allow yo u to 
read and stud y a comp lete program segment without 
having to scroll the screen. This technique or l1Iodu/ar­
izing yo ur progra m will greatly simplify the process of 
debugging and mod ifyi ng your program. It is the 
secret that a ll ows you to write long programs with 
almost the same case that yo u write short programs. 

In this chapte r you will lea rn how 1O: 

I. use the GOS U B and R ETU R N statements 
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2. wr itea "Move to X,Y"s ubroutine that will move 
the cu rsor 1O a particu lar X, Y locat ion on the screen 
3. use the "Move 10 X, Y" subroutine 10 plo t li nes, 
arrays or poin ts, and curves 
4. display a three-di mensiona l leuer on the sc reen 

5. display your name in three dimensions on the 
scree n. 

THE GOSUB AND RET URN STATEMENTS 

The general for m of the GOSUBstatement is GOS UB 
line number. \Vhen this statemen t is executed, the 
program branches to the stateme nt at line "line 
number." For example. the sta tement GOSUB 500 
will cause the program to branch to line 500 which 
contains the firs t statement of the subroutine. It looks 
as if GOSUB 500 behaves the same way as GOTO 500; 
however, there is an important difference. The 
Commodore 64/ VIC 20 will "remember" where the 
sta tement GOSUB 500 is located in the program. You 
must include the stateme nt RET UR N at the end of the 
subroutine. \Vhen the RETUR N statemen t is exe­
cuted , the program will branch back to the nex t 
stateme nt foll owing GOSUB 500. T his process is 
shown in Figure 9. 1. 

Now it looks as though you wou ld accomplish the 
resu lt in Figure 9.1 by using the two statements 60 



50 __ _ 

60 GOSUB 500 
70 __ _ 

80 

Subroutine { ~~~---520 RETURN 

Figure 9.1 Forming a subroutine using GOSUB and 
RETURN. 

GOTO 500 and 520 GOTO 70. Although this would be 
true in Figure 9.1, it would not wo rk if you wanted to 
call the same su broutine from two differelll locations 
in the program as shown in Figure 9.2. In this case the 
statement 60 GOSUB 500 wi ll branch to the sub­
routine at li ne 500 then R ETU RN to line 70. However. 
the statement 90 GOSUB 500 will a lso branch to the 
subroutine at line 500 but will then RETURN to line 
100. The Commodore 64/ VIC 20 always remembers 
the point from which it branches to a subroutine, and 
it will always return to (hat point. 

Figure 9.2 Ca lling a subroutine from two different 
locations within a program. 

50 _ _ _ 

60 GOSUB 500 ----, 
70 __ _ 
80 ___ _ 

90 GOSUB 500 
100 ___ _ 
110 ___ _ 

Subroutine { ~~~ ---

520 RETURN 

You can eve n call a subroutine from within another 
subrou tine. The Commodore 64/ VI C 20 wi ll always 
find its way back by ret racing its steps. as shown in 
Figure 9.3. Line 60 branches to the subrout ine at line 

branches to a second subroutine at line 600. The 
RETURN statement on line 620 will branch back to 
line 520, the statement following the GOSUB 600 
statement. This happens to be the RETURN state­
ment of the subroutine that begins at line 500. It wi ll 
then branch back to line 70, the statement following 
the GOSUB 500 statement. 

50 ___ _ 

60 GOSUB 500 
70 __ _ 

80 __ _ 

• 

500 ___ _ 

510 GOSUB 600 

520 RETURN 

600 __ _ 

610 __ _ 

620 RETURN 

Figure 9.3 One subroutine can call another 
subroutine. 

The "Move to X, Y" Subroutine 

The Commodore 64 screen contains 1000 print 
locations. There are twenty-five rows, each containing 
fOrly co lumn positions. We will number the rows 0-24 
from top to ball am and call these the Y coordinates. 
We will number the columns 0-39 from left to right and 
call these the X coordinates. This labeling of the 
Commodore 64 screen is shown in Figure 9.4. The 
shaded spot in Figure 9.4 is located at the position 

Figure 9.4 The Commodore 64 screen contains 1000 
print locations. 

X= Q X= 39 
j j 

¥as_ 

500. Line 510. which is with in this subroutine, Y= 24 
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X= 10, Y= S. Any point on the screen can be identified 
by specifying its X and Y coordinates. 

On the VIC 20, there are only S06 print locations. 
There are twenty-three rows, each containing twenty­

' two column positions. Thus, on the VIC 20, the Y 
coordinates or rows are numbered 0-22 from top to 
bottom. The X coordinates or columns are numbered 
0-21 from left to right. The VIC 20 screen looks just 
like Figure 9.4 except the maximum X coordinate is 
X=21 and the maximum Y coord inate is Y=22. 

It would be useful to have a subroutine that would 
move the cursor to any position on the screen specified 
by the va lues of X and Y. We could then print anything 
we want at this location. 

If the cursor is a t the beginning of a line, we can 
move it to position X on that line with the statement 
PRINT T AB(X). We can move the cursor to the 
beginning of line Y by moving the cursor to "home" 
and then spacing down by executing Y PRINT 
statements. (If Y=O, then we will not execute any 
PRINT statements.) The algorithm for moving the 
cursor to location X, Y on the screen can be written in 

pseudocode as shown in Figure 9.S. The algorithm can 
be wri tten in BASIC as shown in Figure 9.6. 

Figure 9.5 Algorithm for a subroutine to move cursor 
to position X,Y. 

home cursor 
jf y=o 
then tob(X) 
else for j= 1 to Y 

move cursor to beginning of next line 
next i 
tob(X) 

Figure 9.6 BAS IC subroutine to move cu rsor to 
position X,Y. 

500 REM MOVE TO X,Y ON SCREEN 

510 PRINT "home";: IF Y=O THEN 530 

520 FOR 1=1 TO Y: PRINT: NEXT 

530 PRINT TAB(X);: RETURN 

As an exa mple of usi ng this subroutine, the BASIC 
program shown in Figure 9.7 will do the following: 

clear the screen 

set X= 10 and Y=S 

call the "move to X, Y" subroutine 

print a circular spot 

Note that in this program the statement 100 END is 
required to stop the program. Otherwise the program 
would continue, and the subroutine at line SOO wou ld 
be executed again. The execution of the program in 
Figure 9.7 is shown in Figure 9.8. 
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Figure 9.7 BASIC listing of program to print a spot at 
location X=10, Y=S. 

5 PRall ":1" 
10 X=10 
2£1 ,.,=5 
25 GOSUl: 5£10 : PR I t·n ". II 
100 E~m 
500 RE~1 110VE TO i~,'r ON SCREEN 
510 PRIt·n"~1l ~ : IF 11'=0 THEt·~ 530 
520 FOR 1=1 TO 'r: PRINT : HEXT 
530 PRnn TAB (X);: RETURH 

RERDY. 

Figure 9.8 Result of executing the program shown in 
Figure 9.7. 

EXAMPLES OF PLOTTING 

The program shown in Figure 9.7 can easi ly be mod­
ified to plot lines, arrays of points, and curves. 

Plotting Lines 

A vertical line of dots starting at location X= 10, Y=S 
and going to location X= 10, Y=20 can be plotted by 
changing line 20 in Figure 9.7 to 20 FOR Y=5 TO 20 
and adding the statement 30 NEXTY . The resulting 
program and its execut ion are shown in Figure 9.9. 

If you now change line 20 to 20 FOR Y=5 TO 20 
STEP 3 you will obtain the results shown in Figure 
9.10. Note that in this case dots are plotted at the Y 
locations 5, 8, II , 14, 17, and 20. Try changing the 
value of X and the range and step size of Y in Figure 
9. IOa. 

Plotting Arrays of Points 

By including X in a FOR loop in Figure 9.10 , we can 
plot an array of points . Change line 10 to 10 FOR X=O 



Figure 9.9 (a) BASIC program to plot a vertica l line of 
dots. (b) Execution of program in (a). 

1'1 5 PRUIT ":-J" 
113 )(=10 

(bl 

20 FOR ','=5 TO 20 
25 GOSUB 500: p~~ I NT II ell 
3£1 NE >-:rT' 
100 ErlD 
500 REt'l I'IOVE TO )(, ',' ot, SCREEH 
5113 PR IHT"~"; ; IF ','=0 THErl 5313 
5213 FOR 1=1 TO ',' ; PF: I HT ; rlEXT 
530 PRINT TABOD ; ; RETUR,I 

RERD',', 

Figure 9.10 Result of add ing STEP 3 to line 20 in 
Figu re 9.9. 

5 PRlt-n II:')" 
10 ;~=10 
20 FOR ','=5 TO 213 2:TEP 3 
25 GOSUl:: 5013; F'RII-IT "e" 
30 NEXTY 
100 HlD 
500 REt'l t'ID'vE TO X, ',' 01-1 SCREEN 
510 PRINT"~"; ; IF ','=0 THEI'I 53(1 
520 FOR 1=1 TO ~'; PR HIT ; ,IEXT 
5::;:0 PRIIH TABOO; ; RETUR,I 

READ',' , 

TO 20 STEP Sand add the statement 40 NEXTX. We 
now have a pair of nes ted FOR ... NEXT loops. 
The refore, the vertica l line made up of the six dots 
shown in Figure 9. 10 should occur at each of the 
fol lowi ng va lues of X: 0, 5, 10, 15, and 20. 

Thc resulting list ing and execut ion of this program 
are shown in Figure 9.11. You should modify th is 
program by cha nging the ranges and step sizes of 
X and Y and by changing the graphic character that is 
plotted. T here are /OIS of diffe rent possibil ities. Try 
them. 

Figure 9,11 Resul t of plott ing X in a FOR ... NEXT loop 
in Figure 9.10. 

5 PRlt·n 11:']11 
Hi FOR /(=0 TO 20 STEP 5 
20 FOR '/=5 TO 2~j ~::;TEP 3 
25 GO:3UB 5013: p~~ I NT "e II 
:3121 t·tE>~rT' 
417) rIOm,: 
100 EI·m 
5(113 REI'I t'IO"lE TO X, ',' 01-1 :3CREEI'1 
510 PR Hn" 18" ; ; IF ','=13 THEH 530 
52» FOF.: 1=1 TO 'r' ; PR IIH ; I,Da 
5~:,-' PR HIT TABC~); ; RETURI-I 

READ'r' , 

• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 

EftDY. 

Plotting Curves 

In Figure 9. 11 the values of both X a nd Yare changed 
by FOR statements. However, if we know how the 
value of Y is related to the value of X, we can let the 
Commodore 61 j VIC 20 calculate y, Forexample, the 
curve Y = X should be a straight line along which each 
value of Y is eq ua l to the value of X. 

In order to plot this curve make the fo llowing 
changes in the program shown in F igure 9, 11: 

change line 10 to 10 FOR x =o TO 19 

change line 20 to 20 Y= X 

delete line 30. 
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The resulting program a nd its execution a re shown in 
F igure 9.12. 

If you ca n write an eq uation for Y invo lving the 
value of X, then the program in Figure 9. 12a can be 
used to plot this curve by simp ly changi ng the 
definition of Y o n line 20. You may also want to 
change the range of X o n line 10. For example, if you 
change line 20 to 20 Y= 10-9*SIN(2*rr*Xj 14) you will 
obtain the curve shown in Figure 9. 13. Try changing 
the wo rd SIN in line 20 to COS. Also try changing the 
values of9 (to something smaller) and 14 in line 20. On 
the Commodore 64, increase 19 in statement 10 to 39. 

Figure 9.12 (a) Program to plot the curve Y=X. (b) 
Execution of program in (a). 

tal 5 PRl t·n II~)" 
10 FO~: ;< =~j TO 19 
2(.1 Ir = >~ 
25 GOSUB 5 Lj ~1 : F'R I t·n " ... 
4Lj ~~E>n>:; 

10'3 E,m 
500 REI1 I1D'·,iE TO X, 'T' Ot1 SCREEH 
510 PRIHT"~"; 'IF ','= '3 THErl 530 
520 FOR 1=1 TO '" PR ltH ' HE)·:T 
530 PR ltH TAB 0;); 'RETIJF;H 

READ',' . 

• • • • • • • • 

EADY. 

• • • • • • • • • • • 

Figure 9.13 (a) listing of program to plo t the curve 
Y=10- 9·S IN(2·rr·X/14). (b) Executio n of program 
shown in (a). 

lal 5 PRUlT ":1" 
H!i FOR ><:=0 TO 19 
2£1 'r=les-9*SIt·~ (2*fT*X/14) 
25 GOSUB 500 : F'RI~n "e ll 

40 t1Exn< 
100 E,m 
500 REI'I I'IOVE TO X,'i OH SCREEt'l 
51(1 PRHlT";:j" ; ' IF '/=0 THErl 530 
520 FOR 1=1 TO 'r" PR lIH ' HEXT 
5:;"3 PR I HT TAB 0<); ' RETURH 

READ', . 
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EXE RCISE 9-1 
Run the program shown in Figure 9 .1 3 four times, 
cha nging line 20 to each of the following statements: 

•. 20 Y= 10-4*LOG«X+ 1)/ 4) 

h. 20 Y=20-20*EX P(-X jlO) 

c. 20 Y=XI2 j70 

d. 20 Y=3*SQR(X) 

THREE-DIMENSIONAL NAMES 

As a nother example of using subroutines we wi ll write 
a progra m that will display the name JEFF in three­
dimensio nal block lette rs. We will begin by writing 
three subroutines: one for displaying a J, one for 
displaying a n F, a nd one fo r displaying an E. In fact , 
the subro utine that displays an E will first ca ll the 
subro utine that displays an F a nd then add the bottom 
horizonta l piece to fo rm an E. We wi ll then write a 
main program that disp lays the name JEFF. 

How to Make a 3-D Letter 

The front face of each 3-D lette r that we form will be 
ten rows high and four columns wide. The first step in 
making a 3-D letter is to s ketch the block letter on a 
sheet of quadrille paper as shown in Figure 9 . 14. 

The fron t face of the letter is printed with the 
graphic symbol formed by LOGO+ . The edges of the 
letter a re formed by a combination of reverse video 
space. S HIFT N, and SHIFT £. 

To make it easier. we will co nstruct a se ries of single 
row primitives tha t ca n then be combined in va rious 
ways to form different letters. The defining statements 
for these primitives a re shown in lines 20-70 of Figure 
9.15. These sta tements must be included at the 
begi nning of a program that wi ll display 3-D lette rs. In 
Figurc 9. 15 line 90 wi ll bra nch to line 1000, where the 



T 
10 rows 
nign 

1 

4 columns wide 

/ / 
/ 1/ i/ 1/ 
/ 1/ 1/ / 1/ 
/ 
/ 1/ / 
/ V 1/ 
/ V V V 
/ 
/ 
/ 
/ V 

Figure 9.14 Begin by making a sketch of the letter. 

main program that displays the name will be located. 
The subrout ines for the various letters will be loca ted 
between line 100 and line 1000. 

T he strings 82$, B4$, and B5$ defined in line 20 are 
cu rsor movement strings that move the curso r down 
one and left two, four, and five pos it ions, respectively. 

Figure 9.15 Primitives used to draw 3-~ letters. 

The strings A I $, A3S, and A4$ defined in line 30 
produce rows of the LOGO+ graphic sym bol of width 
1,3, and 4 respectively as shown in Figure 9. 16a. 

The st rings C I $, C3S, and C4S defined in line 40 are 
combi na ti ons of A 1$, A3$, and A4$, fo llowed by a 
reverse video space as shown in Figure 9. 16b. 

The strings 02$, 03$, a nd 05$ defi ned in li ne 50 
can be used to draw the top parts of letters wi th to tal 
widths of 2, 3, and 5, respectively. These four stri ngs 
are displayed in Figure 9. 16c. 

The strings E I $, E3S, and E4S defined in line 60 are 
combinations of A I S, A3$. and A4S, followed by the 
SHIFT £ graphic symbo l. These st rings are displayed 
in Figure 9.16d. They are used to fo rm the bottom edge 
of a segment. For exa mple, E4$ is used to form the 

Figure 9.16 The primi tive strings used to form 3-D 
lellers. 
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bot tom of the top bar o n the F in Figure 9.14; E3S is 
used to form the bOllom of the short bar of the F. and 
E IS is uscd to fo rm the very bOll om of the F. 

The strings F3$ and F4S defined in line 70 have a 
total width of three and four spaces, respectively. They 
begin and end with a reverse vid eo S 1-11 FT N character 
and contain reve rse video spaces in betwee n. They are 
displayed in F igure 9. 16e. 

To form a 3-D ICHer. you simply co mbine the 
strings shown in Figure 9.16 with the curso r movement 
strings B25. B45, a nd B5S. We wi ll illustra te this 
proccd ure by fo rming the lellers J . F. and E. 

Making a J 

T o ma ke a J . begin by sketching the J on quad rille 
paper as shown in Figure 9.17. No w start at the top 
row and compa re each line of the sketch with the row 
primit ives shown in Figure 9. 16. For example. the top 
row co nsists o f th ree spaces plus the string 02$. 
Always sta rt printing the leller fro m the upper lefl­
hand corne r orthe I I-row X 5-co lumn rectangle. You 
ca ll then move this sta rting posi tion to any location 
you want on the screen (by using the "Move to X , Y" 
subrout ine). 

After printing the l Op row, the curso r will bejust to 

the right end of this row (follow a ll strings with a 
semicolo n). T herefore, to disp lay the lo ng vert ica l post 
of the J , we need to print the strings B2$; (move curso r 
d own I and left 2) and C IS; eight times . This ca n be 
accompl ished with the stateme nt FOR 1= I TO 
8:PRINT B2$;CIS;:NEXT. The co mplete subroutine 
for displaying the 3-D J is shown in Figure 9. 18. Line 
11 0 draws the long vertica l post. The cursor will then 
bejustt o the right end of row 9. Line 120 moves the 
cursor to the begin ning of rpw 10 (B5$) and then up 
three rows. T he strings 02S; B2S;C I S;B2S;A I $ then 
display t he short post of the J. There is no primitive in 
Figure 9. 16that will draw the top edge of the bOllom 
of the J . T herefore, we must include a string for this , 
made up of a reverse video SH 1FT N followed by one 
reverse video space. In order to move the cursor down 
I a nd left 3 we use B4$ follo wed by a space (there is no 
B35 primitive in Figure 9. 16). Row 10 is just a C4S 
primitive, a nd row I I is an E4S primitive. Line 130 is 
the R ETU R N sta tement tha t must be used to end all 
subroutines. 

Figure 9.18 Subroutine to disp lay 3-D J. 

100 REI'1 3-D .J 

3 spaces 

Start 

~ 
~ L / 

/ 
/ 
/ 
V -

11 rows / 
/ / 
/ l-
V / 1 
/ A 

% V V 1 
~ 5columns ~ 

Figure 9.17 Sketch of 3-D J. 

Row No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

To make sure that this subroutine draws the J 
prope rly, add the sta tements shown in F igure 9. 18 to 
the statements in Figu re 9. 15 . Also add the statement 
1000 END. Now when you R UN this program it will 
look as tho ugh nothing ha ppened. However, all of the 
strings in lines 20-70 will have been defined. You ca n 
now execute the sta tement GOSUB 100 in the 
immetiiaJe mod e. and you should gel the result shown 
in Figure 9. 19. 

Figure 9.19 Testing the subroutine shown in Figure 
9.18. 

110 PF:INT SPC (3).:D2$ .: : FOR 1=1 TO 8 : F'RHH B2$;C1:f.: : tlEXT 
12£1 PRIt~T B5$,: "TIll! j D2$ j B2$; Cl$j B2$,: Rl $,: II :V · ~"; :E:41:; " II ,: C4$ ; B5J:) E4$; 
130 RETURN 

READ''' . 
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Making an F 

The sketch of a 3-D F is shown in Figure 9.20a. By 
comparing this sketch with the row primitives shown 
in Figure 9.16 you can generate the table shown in 
Figure 9.20b. This table is then included in the PRINT 
statements shown in Figure 9.21, where the cursor 
movement strings B5$, B4$, and B2$ have been 
inserted in the appropriate places. 

Add the subroutine shown in Figure 9.21 to the 
program, and then verify that it will draw an F as 
shown in Figure 9.22. 

Making an E 

The sketch of a 3-D E is shown in Figure 9.23. Since 
the E is just an F with a bottom bar added to it , you can 
make an E by first making an F (say GOSUB 200) and 

Figure 9.20 (a) Sketch of a 3-D F. (b) Primitives used to 
form the 3-D F. 

(a) Row No. 

/ 
/ 

" ' " ." 
17 17 
." 

17 

" F/ D 

(b) 

17 

1/ 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

Row No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

String 
D5$ 
C4$ 
E4$ 
C1$ 
A1$;F3$ 
C3$ 
E3$ 
C1$ 
C1$ 
C1$ 
E1$ 

Figure 9.21 Subroutine to display 3·D F. 

200 REt-1 3 - D F 

then adding a bottom bar. The sub routine to do this is 
shown in Figure 9.24. 

After displaying the Fusing GOSUB 200, the 
cursor will be just to the right of the last row in the F. 
By moving the cursor up two lines and left one 
position, the bottom bar of the E can be drawn using 
the str ings F4S, C3S, and E3S as shown in Figure 9.24. 

Now add the subroutine shown in Figure 9.24 to the 
program, and then ve rify that it will draw an E as 
shown in Figure 9.25. 

Displaying the Name JEFF 

Now that we have subroutines that will display the 
letters J, F, and E, we can combine them to form the 
name JEFF. We will need to move the cursor to a 
particular location on the scree n and then call the 
appropriate letter subrout ine. We will therefore need 

Figure 9.22 Testing (h e subroutine shown in Figure 
9.21. 

Figure 9.23 A 3-D E is a 3-D F plus a bottom bar. 

210 PRINT D5$; B5$; C4$; B5$ .: E4$ ; B5$ .: CU ; B2$; AI$ ; F3$; B4$; C3$ .: Jj4$, E:3$ ; B4$ ; 
220 FOR 1=1 TO 3 ' PRHlT CU ;B2$.: ' NE:' :T'P": INT EU ; 
230 RETUR~I 

READ',' • 
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Figure 9.24 Subroutine to display 3·0 E. 

300 REt'l 3-D E 
3 10 GOSUB 200 : F'R I HT" ~I" ; F 4$ ; B4$; C~::f ; N :f .: E3$ ; 
320 RETUR~I 

RERD '~ . 

our "Move to X,Y" subroutineshown in Figure 9.6. A 
listing of this subroutine is shown in Figure 9.26. Add 
this subroutine to the program. 

Line 1000 now contains the END statement. We 
must change this so that it is the beginning of the main 
program that will display the name JEFF. (Remember 
that line 90 in Figure 9. 15 contains the statement 
GOTO 1000,) We will display the four letters J , E, F, 
a nd F with their upper left-hand corners at the 
following screen positions: 

Figure 9.25 Testing the subroutine shown in Figure 
9.24. 

J X= I Y=8 (X=6 for Commodore 64) 

E X=6 Y= 8 (X = 14 " ") 

F X= I I Y= 8 (X=22 " ") 

F X= 16 Y=8 (X= 30 " ") 

The mai n program to display these four letters is 
shown in Figu re 9. 27 . Line I 005 clears the screen. Line 
10 10 displays J at X= I, Y=8. Line 1020 displays Eat 
X;::6. Y=8. Note that since the value of Y has not 
changed we need not specify its value again . Line 1030 
displays F at X= I I, Y=8 . and line 1040 displays 
another Fat X= 16, Y=8. Line 1050 will prevent the 
REA DY message from being displayed by looping on 
itself endlessly until the STOP key is pressed . 

Add the ma in progra m shown in Figure 9.27 to the 
rest of the progra m. a nd type R UN. The result should 
be as shown in Figure 9.28. 
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Figure 9.26 Subroutine "Move to X,Y". 

50(1 REt'l t'lOVE TO ;,:,'~ OH SCREHI 
510 PRIHT";:!"; : IF '~=0 THEH 530 
520 FOR 1=1 TO 'T' : PR nIT : NE>;T 
5 ::::13 PRItH TRB on; : RETUi<:N 

READ'T'. 

Figure 9.27 Main program that displays the 3-D name 
JEFF. 

1130'" F:Et'l i'lAHI F'ROGRRt'lTO DRAI; .JEFF 
1605 PR I NT 11:']11 
1 £110 X= 1 : '~=:3 : GO:3UB 5~m : !JOSUB 1013 
1 \:120 1~=6: GO:;UB 500: GO~;UB 3lJ0 
103€1 :-=:= 11 : GOSUB 500 : CiOSUB 2 00 
1040 X=16 :GOSUB 500 :GOSUB 200 
10513 GOTO 11350 

READY. 

Figure 9.28 Result or executing program listed in 
Figures 9,25, 9.18, 9.21 , 9.24, 9.26, and 9.27: (al VIC 20 
(bl Commodore 64. 

EXERCISE 9-2 
Modify the name program 10 display the word PET as 
shown in Figure 9.29. You will need to add sub­
routines to display a P a nd a T. Hint: A P can easily be 
made from a n F. (PET was a Commodore computer 
preceding the VIC 20 and Commodore 64.) 

(al 

(bl 



Figure 9.29 Display this word in Exercise 9-2. 

EXERCISE 9-3 
Modify the name program so that it will display your 
name, nickname, or another word containing four or 
fewer letters. 

EXERCISE 9-4 
A baseball player hits a ball wit h an initial velocity V 
(in feet per seco nd) at an angle of A degrees to the 
ground, as shown in Figure 9.30. The height H (in feet) 
of the ball above the ground is given in terms of the 
distance X (in feet) from home plate by the equation 

v 

A 

Figure 9.30 Diagram for Exercise 9-4. 

- 16.1 X, 
H = --;-;;-=..;-;-- + X ta n A 

V2 cos2A 

x 

Write a program that will (I) accept the values of V 
and A typed from the keyboard (2) com pute H for 
one-foot increments in X until the ball hits the ground , 
and (3) plot the trajectory of the ball on the screen. 
Run the program for values of V = 40 feet per second 
and A = 45 degrees. 

Caution: The functions COStA) and TAN(A) must 
have A expressed in radians. Rememberthat 1800 = IT 

radians. 
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MAKI G 
LEARNING AB 

You know two ways to assign a va lue to a memory cell 
name. One is to use a n assignment sta tement such as 
A=3; the o ther is to use an INPUT statement suc h as 
INPUT A. In the second case the value is entered 
through the keyboard. 

In this chapter you will learn anot her method of 
assigning values to memory ce ll names . The va lues to 
be assigned are sto red in the program in DATA 
statements. T hey are ass igned to memory cell names 
by using a READ statement. Another method of 
entering da ta through the keyboa rd will be described 
in Chapter II . 

In this chapte r you will learn to: 

I. use the READ. DATA, and RESTORE state­
ments 

2. make horizontal bar graphs 

3. ma ke vertical ba r graphs containing multiple 
bars 

4. sca le a nd label bar graphs. 

THE READ, DATA, 
AND RESTORE STATEMENTS 

The DAT A statement must be used in the de/erred 
mode. Although the READ and RESTORE state­
ments are normally a lso used in the deferred mode, we 
will illustra te their use by stori ng data in a DATA 
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s: 

statement (in the deferred mode) and then using the 
READ and RESTORE statements in the immediate 
mode. 

Type in the sta teme nt 10 DATA 5,10 and then type: 

READ A 

?A 

READ A 

?A 

READ A 

as shown in Figure 10.1 . The first t ime yo u type READ 
A, the first data va lue in the DATA statement (5) is 
stored in A. The seco nd time you type READ A, the 
second data value in the DATA statement ( 10) is 
stored in A. Th e third time you type READ A an error 
message. ?OUT OF DATA ERROR, is displayed, 
because there are no more data va lues in the DATA 
statement. 

When a progra m is executed, a pointer points to the 
first da ta va lue in the DATA statement. (Two or morc 
DA T A statements in a program are treated as a single 
long DATA sta tement. ) As data va lues are "used up" 
by bei ng read in READ statements, the pointer moves 
along to the next unused data va lue. If the pointer gets 
to the end of the data val ues in the DATA statement, 
and a nother READ statement is executed , then the 
?O UT OF DATA ERROR message wi ll be displayed. 



8 DATA 
ERDA 

5,18 

ERDY • 
. A 
5 

EADY. 
UD A 

UDY • 
• A 
1.8 

EADY. 
ERD II 

.OUT Of 
UDY. 

DIITII ERROR 

Figure 10.1 The READ statement reads successive 
va lues from a DATA statement. 

The pointer can be reset at a ny t ime to the first 
data va lue in the DATA statement by us ing the state· 
ment RESTORE. Also. more than one va lue can be 
read with a single READ state ment. In order to see 
this , type in the fo ll owi ng sta tements as shown in 
Figure 10.2: 

10 DATA 5, 10, 15,20 

READ A,H,C 

? A,B,C 
RESTORE 

READ H,C 

? A,B,C 

Figure 10.2 The RESTORE stateme nt moves the pointer 
to the firs t data value in the DATA statement. 

8 DATA 5(:1.8,1.5,28 
[AD A, B, 

EADY • 
. A,B,& 
5 i8 i5 

EADY. 
ESTORE 

EftDY. 
EftD B,& 
EftDY. 

_ ft"B.C 
:; 

EftDY. 

ill 

Note tha t in this case the fi rst READ statement sto res 
th e val ues 5. 10. and J 5 in A, B, and C. respec tive ly. 
The RESTORE statement the n moves the poin ter 
back to the fi rst data val ue (5). Therefo re. the next 
REA 0 stateme nt will store the va lues 5 a nd lOin Band 

C, respectively. Note that the value of A remains 
unchanged a nd is sti ll equal to 5. 

Now add the second DATA statement 20 DATA 
25,30,35. This will automatically restore the pointer to 
the first data value (5) in line 10. Type the following 
statements as shown in Figure 10.3: 

READ A,H,C 

? A,H,C 

READ A,H,C 

? A,B,C 

READ A,H 

Figure 10.3 The re must be data va lues fo r all var iab le 
names in a READ stateme nt. 

DATA statements may occur anywhere In a 
program. Two or mo re DATA statements are effec­
t ively combined into one long DA TA statement in the 
order in which they occur in the program. In the last 
READ statemen t in Figure 10.3, there is no value for 
B, a nd therefore the ?OUT OF DATA ERROR 
message is displayed . 

Strings ca n be included in a DATA statement. In 
this case the corresponding var ia b le name in the 
READ stateme nt must be a string va riable. For 
exa mple, change the DATA statement in line 20 to 20 
D AT A ACE. " LOGO+" a nd then type 

READ A,H,C,D,AS,HS 

? A,B,C,D,AS,BS 

as shown in Figurc lOA. Note that the string ACE in 
thc DATA statement does not ha ve to be enclosed 
bet wee n quotation marks. However, graphic char­
acte rs a nd str ings conta ining blanks , co mmas , a nd 
colons must be enclosed between quotation marks. 

Note a lso t hat the numerica l va riables A and Bare 
completely d ifferent memory ce lls from the string 
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varia bles AS a nd BS. The Co mmod o re 64/ VIC 20 will 
not ge t these mi xed up. 

The R EA D a nd DAT A sta tements a re pa rt icu la rly 
useful when you have a list of data whose va lues d o not 
cha nge in the progra m and which a re read by the sa me 
RE A D statement. Examples of using these statements 
wi ll be given in the fo llowing sect ions. 

Figure 10.4 String va riables ca n be used in a READ 
stateme nt to read strings in a DATA statement. 

HORIZONTAL BAR GRAPHS 

Bar graphs are very usefu l fo r providing a q uick visua l 
picture of the re la tive sizes of va ri o us qua ntities. The 
simplest kind of ba r gra ph tha t yo u can d raw on th e 
Commod o re 64 / VIC 20 is a ho rizont a l line whose 
length is pro portio na l to a pa rticula r q ua nt ity. 

As a n exa mple, suppose you wa nt to compa re 
graphically the four va lues 12, 2 1, 5, a nd 17. Yo u ca n 
plot four lines with lengths 12, 2 1, 5, and 17 using the 
program shown in Figure 10.5. 

Figure 10.5 Program to plo t four lines of le ngth 12, 21, 
5, and 17. 
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In this p rogra m line 20 is a D AT A sta tement that 
contai ns the length s of the four ba rs to be plotted . Line 
30 defin es the g ra ph ic cha racter that will be used to 
draw the lines a nd stores this character in the string 
va ria ble GS. Different types of ba rs can be plotted by 
using diffe rent graphic cha racte rs. Lines 50-70 fo rm a 
FO R .. . N EXT loo p that is executed o nce fo r each ba r 
to be plo tted . 

Wi th in this loo p, line 60 reads the nex t length from 
the values given in the DA T A sta tement a nd sto res this 
length in the memory cell L. A bar of lengt h L is t hen 
plotted using the subroutine in line 400. Th is sub­
rou t ine prin ts L cop ies of the gra phic symbo l stored in 
GSto fo rm the ba r. The first PRI NT statement at the 
end of the line 400 causes the cursor to be moved to the 
beginn ing of the next li ne. The seco nd PR INT 
sta tement ca uses a line to be skipped. 

Note tha t the EN 0 sta tement in line 90 is necessary 
to prevent the program from executing line 400 agai n. 
(Th is would prod uce the e rror message ?RETUR N 
WITH OUT COSUB ERROR IN 400.) 

The bas ic ideas shown in Figure 10. 5 can be used to 
produce useful ba r gra phs of real data , as illust rated in 
the next section. 

Population of the New England S tates 

The popu lations of the six New Engla nd states a re 
shown in Tab le 10. 1. The progra m given in Figure 10 .5 
has been modified as sho wn in F igure 10 .6 to plo t six 
ba rs corresponding to the data in Ta ble 10. 1 

TABLE 10.1 Po pulation 
of the New England 
States 

State 

M E 
NH 
VT 
MA 
CT 
RI 

Populat ion 

1,124,660 
920,610 
511,456 

5,737,037 
3,107,576 

947,154 

Lines 100- 150 a re six DATA sta tements conta in ing 
the info rmation in Table 10.1 . Note that each D ATA 
statement co ntai ns a string (the name of the s ta te) 
and a numerical va lue (the state's populat io n). For each 
pass th rough the FOR ... NE XT loo p (lines 50-80), 
line 60 sto res the next sta te name in SS a nd its popu­
lat ion in P. 

Each graphic symbol d efi ned in line 30 will 
represent a certain number of people. In order to 
dete rmine how many people th is should be, you must 
choose a value tha t will insure that the longest bar will 
fit on the screen. T he sta te name plus a space will use 



Figure 10.6 Progra m to produce a bar graph of the 
data in Table 10.1. 

1 <] RHI POPULAT 101-1 BAt;: GRRPH 
2 ~3 H=6 
30 G$:::lIm" 
4 '3 PR I NT" :1!!l'] PeWULRTI m'l OF" 
45 PRHIT " flE~, ENGLAI·ID ~nRTE:3 '" PRIIH' PIi:I IH 
50 FOR ,]= 1 TO fI 
60 READ Sf .. P 
7(:1 L:::;P/2001Z100+ . 5 : GO ~3UB 400 
80 flD(TJ 
90 EflD 
100 DATA ME . 11 24660 
II" DATA f1H ,920610 
120 DATA '·/T , 511456 
13£1 DATA t'lR) 573703? 
1413 DATA CT,3107576 
150 DATA RI,947154 
4'30 PRHITS:L" "; : FOR 1= 1 TO L' Pf;~ HIT Got; : I·IEXT : PRJlH: PRHIT : ":ETURN 

":EAD'r . 

th ree columns of a scree n line. Therefore. thc longest 
possible ba r is ninetee n spaces long on the VIC 20 a nd 
thirty-seven spaces long on the Commodore 64. The 
highest population is t hat of Ma ssachuse tt s, 
5.737 ,037 . Therefore, each gra phic symbo l must 
represent more than 5,737,037 / 19 = 30 1949 people in 
the case of the VIC 20 and more th a n 5,73 7,037 /3 7 = 
155055 in the case of the Commodore 64. We will 
therefo re choose each graphic symbol to represe nt a 
popu la tion of 400 ,000 in the case of the VIC 20 a nd 
200,000 in the case of the Co mmodore 64. The latter 
value is used (in line 70) in Figure 10.6. VIC users 
should cha nge it to 400,000. 

Given a popu la t ion P, li ne 70 ca lculates the number 
of graphic symbo ls to be plotted. This is the length of 
the bar, L. In the equation 

L = P/ 200000 + 0. 5 

(for the Commodo re 64) the 0.5 will round to the 
nearest 200,000 people, because the above equation is 
equiva lent to the equat ion 

L= P + 100000 
200000 

Note that the number of symbols plotted by line 400 of 
the subroutine will be equal to the intege r part of L. 
The analogous eq ua tion for the VIC 20 rounds to the 
nearest 400,000 people. 

The subroutine in line 400 has bee n modified to 
prin t the state na me, stored in SS , to the left of each 
bar. Line 40 clea rs the screen , moves the cursor down 
two lines, prin ts the title of the gra ph , and then sk ips 
two lines. The res ult of running this program on the 
Commodore 64 is shown in Figure 10.7. 

Figure 10.7 Result of run ning the program shown in 
fi gu re 10.6 

Adding a Scale 

Although the bar graph shown in Figure 10.7 
illustrates the relat ive sizes of the six state populations, 
it does not provide the actual va lues of these 
populations. We can correct this by adding a scale to 
the bottom of the g raph. 

Si nce each graphic symbol represents a population 
of 400,000 in the case of the VIC 20, then five squares 
represe nt two mill ion people . A subroutine that prints 
such a sca le is shown in F igure 10.8a. In the case ofthe 
Commodo re 64, fi ve sq uares represent only one 
mi ll ion people. A subroutine that prints such a sca le is 
shown in Figure 10.8b. The latter scale shows the 
numbers 0, 1.2,3,4.5. and 6 (millions) whereas the sca le 
for the VIC 20 shows only 0,2,4 , and 6. These 
subro utines are called in line 85 of the revised main 
program. T he mai n program for the Commodore 64 is 
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shown in Figure 10.9. On the VIC 20, change the 
200000 in line 70 to 400 000. The result of executing 
these new programs is shown in Figure 10.10. 

Splitting the Difference 

It is possible to make these population bar graphs a 
little more accurate by using the left graphic symbol on 
the - key to represent half of the symbol in G$, in this 
case. 200,000 people on the VIC 20and 100,000 peo ple 
on the Commodore 64. This key can then be used at 
the end of a bar to make the length of the bar 
proportiona l to the population to wit hin the nea rest 
200,000 people on the VIC 20 and 100,000 people o n 
the Commodore 64. The relat io nship between the 
previo us p rogram and the new one in the case of the 
Commodore 64 is shown in Figure 10. 11. 

In order to add this new feat ure, we wi ll elim inate 
the O.S in the equation on line 70 of the program in 

Figure 10.8 Subroutine to disp lay scale: (a) VIC 20 and 
(b) Commodore 64. 

lal 613£' REI'1 RDD SCALE 

Figure 10.9 . We will then plot a nu mber of full squa res 
equa l to the integer part of L. The fractional part of L 
will determine whether to plo t another full square, a 
half-sq uare . o r no sq ua re a l all, acco rding to the 
following scheme: 

FraCliona l Part of L 

less Ihan 0.25 
between 0.25 and 0.75 
greate r than 0.75 

Plot 

no squa re 
half -square 
full square 

We ca n accomplish this by modifying the subroutine 
that draws the ba r, as shown in Figure 10.12. T he 
modified main program for the Commodo re 64 is 
shown in Figure 10. 13. VIC 20 users shou ld use 
400,000 in line 70. 

In Figure 10. 12, line 4 10 plots L full squares (L is 
calculated in line 70 in Figure 10. 13). The fracti o nal 
part of L is calculated in line 420 in Figure 10. 12. You 
should convince yourself (t ry some examples) that th is 

6113 PRINT " " ; : FOR 1=1 TO 4 : PR INT" 1 " ; : NEKT :PRINT 
620 PRHW' " ;: FOR 1=0 TO :3 : PRIHT2*1 ; " " ;: flEXT : PF:n n : PRHH 
630 PRINT TF,B(2 ) ; " I'll LLIONS OF PEOPLE" 
6410 RETURN 

READ'r . 

Ibl 613<' REI1 RDD SCRLE 
610 PRINT " " ; : FOR 1=1 TO 7 : PRINT" 1 " ; : NEKT : PRINT 
620 PR I NT" " ; : FOR I =10 TO 6 : PR I NT! ; " " .: : NE~~T : PR I NT : PR I NT 
6313 PR I NT TRE: (:3) ; "I'll LLI Ofl::: OF PEOPLE " 

READY , 

Figure 10.9 Revised main program that calls 
subroutine to add a scale. 

Ie REI'I F'OPULAT! [lH BRR m;:APH 
20 r~=6 
30 G$=lI ri H 

40 PR I NT" :W'l POPULRT! 011 OF " 
45 F'RHlT " NEI'~ EHGLRND STRTE,;::" : PR HJT: PRHn 
50 FOR ,]=1 TO N 
60 READ S$ , P 
70 L=P/200(1i-Z1(H . 5 : GOSUB 4£1(1 
80 NE~':T J 
85 [<I)SUB 600: REI'1 ADD :3CRLE 
913 EflD 
11313 DRTA I'lL 112466<3 
11>3 DATA flH , 921361>3 
1213 DRTR '.,'T .' 511456 
130 DATA t'lA } 5737037 
148 DATA CTI 3 107 576 
150 DATR RI , 947154 
4013 PRIIHS$ ; " " .: : FCl F: 1=1 TO L :PRINT G:f .: : t·lE;·,:T · F'RH1T : FH IH T: RE fURt·l 

RERD'T' • 
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I') 

Ib) 

POPI-=IL0 T I (:·t··1 ()F 
NEW EN~LHND STATES 

;2 4 6. 

IONS OF PEOPLE 

POPULATION or 
NEW ENGLAND STATES 

HE :::::;':::::::('ft.: 
NH :::::::::::::::::::: 

UT :::::::::::: 

I1A ::::::::::::::::::::::"»XX::XX~~ 

C T :::::::::::;.:~:;.::*:~'X$XX:~ 

R I ::::::=:::::::::.* 

HILLIO"S or PEOPLE 
READY. 

Figure 10.10 Resu lt of running the program shown in 
figure 10.9: la) VIC 20 and (b) Commodore 64. 

equation works. If E is grea ter than 75 (corresponding 
to a fract ional pa rt of L greater than 0.75). then a n 
ext ra full sq uare is plotted by line 430. If E is greate r 
than 25 but less than 75 . a ha lf-square is plotted in line 
440. Line 450 returns the cursor if appropriate. 
skips a line. a nd returns rrom the subrout ine. 

Figure 10.11 The accuracy of a bar can somet imes be 
increased by addi ng a half-square at the end . 

o 200000 
Population I I 

Previous program II 
plots these IF of 

1 square squares 

New program II II will plot these 
IF of squares ; 1; 

II 

Figure 10.12 Modified subroutine to draw a bar with a 
half-square at the end of the bar. 

400 REM DRAi·1 BAF~ 1,1 ITH HALF -SG!UARE 
410 F'RIHT :3$; " " ;: FOR 1=1 TO L : PRIHT Cit; : NE~~T 
420 E=L* 100-INT ( L)*100 
4313 IF E>75 THEN PRINT "ill"; : GOTO 450 
440 IF E>25 THE"1 PRINT "! " ; 
450 PRINT: PRINT : RETUR~1 

READ''' . 

The result of running this new program (for the 
Commodore 64) in Figures 10. 12and 10. 13 is shown in 
Figure 10.14. If you compare this result carefully with 
the bar graph in Figure 10.10. you will note that the 
bars for a ll sta tes now end with half-squares. 

VERTICAL BAR GRAPHS 

You can a lso draw vertica l bars by using the "Move to 
X.Y" subroutine. This subroutine is shown in Figure 
10. 15 (line 500). together with a subrout ine that plots a 
vert ical bar from Y I to Y2 (line 400) . In line 410 if 

Figure 10.13 The 0.5 has been dropped in the 
ca lculation of L in line 70. 

10 REt'l POPULATI m1 BAR GRAF'H 
20 N=6 
30 G$=It ?f~ " 
4(1 PR un" :m~l POPULATI ON OF" 
45 PF:IHT" NEt< E~1GLA~m 2: nnE:3" : PF:an : PRINT 
50 FOR .1=1 TO "1 
60 READ S$, P 
70 L=P/200000:GOSUB 400 
80 NE~-:T J 
85 GOSUB 600: RE t'1 ADD SCALE 
90 EHD 
100 DATA t'1E , 112466~1 
11(1 DATA HH,92061£1 
120 DATA VTJ511456 
130 DF'iTA t·lR .. 5737~337 
140 DATA 0..3107576 
150 DATA RI ,947 154 

READ''' . 

400000 600000 

I I 

II 
2 squares 3 squares 

II II 
2 2; 3 
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Figure 10.14 Result of running program given in 
fi gures 10.1 2 and 10.13. 

Y3=- I, then the bar will be plotted from bottom to 
top, and Y2 s hould be less than Y I. If Y3= I then the 
ba r will be p lotted from top to bottom, and Y2 sho uld 
be greater than Y I. The grap hic cha racter used to form 
the bar is sto red in the st ring va riable B$ and is printed 
in line 420. 

Figure 10.15 Subroutine to plot a vertical bar from Y1 
to Y2. 

400 REI'l PLOT BAR FROI'l 'f! TO '1'2 
410 FOR ~-~1 TO Y2 STEP V3 
420 G03UB 5~10 : PR lIH B$ 
430 '~EXT ''>: RETURH 
500 REI'l l'lOVE TO iV,> m~ SCREEt; 
510 PRIHT ""I" .:: IF ','-0 THH~ 5":0 
520 FOR I-I TO 'r': PRHIT : ,~E>n 
53£1 PR HH TAB CO; : RETURt ~ 

READ'T'. 

In ord er to tes t th is subroutine type in lines 400-530 
shown in F igure 10.15. T hen d ear the screen and type 
the fo llowing statements in the immediate mode: 

YI = IS: Y2=S: Y=-I: X=IS: B$= "LOGO+": 
GOSUB 400 

The result sho uld be as shown in Figure 10. 16. 

Plotting a Vert ical Bar of Length V 

We will now develop a genera l subroutine that will 
plot a vertica l ba r wi th a length propo rtional to the 
value V. The value of V ca n be e ither positive or 
negative. For a negative va lue of V the bar should be 
plotted in the downward direction, In order to increase 
the accuracy of the bar lengths, we will a llow half-
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Figure 10.16 Test of subroutine shown in Figure 10.15. 

squares to be plotted , as described in the secti on on 
"splitting the difference." 

The half-squa re character that is used can be 
di ffere nt for positi ve and negative bars. Fo r exa mple, 
if the bar is made with reve rse vid eo space (BS), then a 
positive ha lf-squa re would be provided by the graphic 
symbol LOGO I. The negative half-square would be 
the reve rse video of this sa me sy mbo l as shown in 
Figure 10.17. 

This subrou tine wi ll be used to plot the appropria te 
bar, given the follow ing values: 

V= va lue to be plotted 

BS=full-sq uare grap hic cha racter 

82$= posit ive half-sq uare graphic character 

B3$= negat ive ha lf-sq uare grap hic character 

Figure 10.17 "Half-squa re" characters are differe nt for 
positive (82$) and nega live (83$) bars. 

~~ • .- l OGO I symbol = B2$ 

~--B$ 

~-R ,eve"e video lOGO J symbol = B3$ 

Figure 10. 18 shows the ra nges of values for which 
various combinatio ns of squares will be plotted. The 
botto m of row 20 o n the screen wi ll define the "'zero" 
va lue o f V. From Figure 10.1 8 you see that a value of V 
between 0.25 and 0.75 will result in a half-square 
character being printed in row Y=20. 

Si milarly, a va lue of V between - 1. 25 and -1.75 
wi ll resu lt in a full squa re character B$ being printed in 
row Y=2 1 and a ha lf-square cha racter B3$ be ing 
pri nted in row Y=22. 



v 
} 2 Plot 2 squares 8$+ 8$ 

Y= 19 } Plot 1 i squares BS+ B2$ 

} Plot 1 square as 

Y= 20 INT(V)~O } Plot i square 82$ 

0 } Plot no squares 

Y=2 1 INT(V)~- 1 } Plot i square 93$ 

- 1 } Plot I square BS 

Y= 22 } Plot 1 i squares BS+ B3S 

- 2 } Plot 2 squares BS+ BS 

Figure 10.18 Screen layout for plott ing vertica l bar 
with length proportional to the value V. 

Whe n plan ing a bar. the subrou tine show n in 
Figure 10. 15 can be used to plo t the port io n o r the ba r 
made up o rthdu ll-square B$ cha racter. The end or the 
ba r ca n then be plott ed wi th a rull-squa re, hai r-sq ua re, 
or no square. dependi ng on the value of V, as shown in 
Fi gure 10. 18. An algorith m to plOl th is bar is given in 
pseudocode in Figure 10. 19. The case or V< O wi ll be 
considered in a sepa rate subrouti ne. lr the integer part 
of V. V L is equal to ze ro, then the val ue of V is between 
o and 1. In this case we simp ly want to plot the end of 
the ba r wit hou t plott ing the BS bar at all. O therwise, 
we will plot a BS ba r or length V I, ro ll owed by the end 
or the bar. 

The algo rithm to plot the end or a posi tive bar is 
given in pseudocode in Figu re 10.20. The idea here is 
the same as described in the "splitt ing the dirrere nee" 
section above. The fract ional pa rt of V on a scale of 
0-100 is given by E. 

BAS IC subroutines ror implementi ng the algo­
ri thms in Figures 10. 19 and 10.20 a re give n in Figure 
10.2 1. Lines 800-870 implement the algo ri thm in 
Figure 10. 19, a nd lines 900-950 implement the a lgo­
rithm in Figure 10.20. In line 830 the val ue o r Y2 is set 
equal to Y I + 1=2 1 berore calli ng the subroutine in line 
900. In line 920 or this subrou tine the cursor is moved 

Figure 10.19 Algo ri thm to plot a bar of length 
proportional to the va lue V. 

YI = 20 

VI = integer part of V 

if V< O 

then consider case of V< O 

else if VI= O 
then plot end of positive bar 
else plo t B$ bar of length VI 

plot end of pos itive ba r 

Figure 10.20 Algorithm to plo t th e positive e nd of 
the bar. 

E= V* IOO-VI * IOO 

Move cursor to position above top of bar 

if E> 75 

then print full square 

else if E> 25 
then print ha lf- squa re 

to a val ue or Y= Y2- 1=20, which is the location to be 
plotted ir V I= O. In line 840, Y2 is eq uated to 21-V I 
a nd Y3 is equated to - I. T his wi ll result in a BS ba r of 
length V I being plo tted r rom bottom to to p by the 
subro uti nc at line 400. 

The a lgo rith m ro r co nsideri ng the case o r V<O is 
give n in Figure 10.22, a nd the a lgorithm to plo t the 
negati ve cnd of a bar is given in Figure 10.23 . 
Remember that V I= INT( V) will be eq ua l to - I ror 
va lues o r V between 0 a nd - I. 

Figure 10.21 Subroutine to plot ba r of length V (line 
BOO) and subroutine to plo t positive e nd of bar (lin e 
900). 

8[10 RHI PLOT ',,IALUE ',,I US I fiG <:$ .. <:2$ .. B3$ 
81B Yl=20 :VI=I NT(V ) 
82(1 IF ',,1 ( 0 THEfi GO'3UB 10013 : RETUF.:ft 
83'3 I F V I =0 THEft '~2= '~ 1 + 1 : G08UB 9("3 : RETURft 
840 '1'2=2 1-',/ I : 'T'~: =-l 

850 CiOSUB 400 : REI·l PLOT B$ BAR 
860 GOSUB 900: REI'I PLOT + EHD OF ~BAR 
f :70 RETU.:I·t 
900 RHI PLOT + Efm OF BAR 
910 E=',,I* W0 -',,I H 10(1 
920 'r'=Y2-1: GO:;UB 500 
930 IF D 75 THEH PR I HT B$ : GO TCI 9 0',(1 
940 IF 025 THEI·! PRIftT B2$ 
95"3 RETURt·t 

F:EAD '~ • 

Figure 10.22 Algorithm to consider case of V< O. 

Yl = 21 

if VI = - 1 

then plot end of negative bar 

else plot B$ ba r of length VI - I 
plot end of negative bar 

Figure 10.23 Algo rithm to plot negative e nd of bar. 

E= IV* I001-I(VI + 1 )* 100 1 

Move curSOr to position below bottom of bar 

if E> 75 

then print full square 

e lse if E> 25 
then print half-square 
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BASIC subroutines for implementing these algo­
rithms are given in Figure 10.24. Lines 1000-1060 
implement the algorithm in Figure 10.22, and lines 
1100-1150 implement the algorithm in Figure 10.23. 

Figure 10.24 Subroutine to consider the case of V<O 
(line 1000) and subroutine to plot negative end of bar 
(line 1100). 

1600 REI'1 CA'3E OF '-1(0 
1010 '''1=21 
1020 I F 'I I =-1 THEN ','2=Y 1-i : GO'3UE: 110[1: RETURH 
1030 Y2=19-VI : ',3=1 
1040 GOSUB 400: REt-1 PLOT B$ BAR 
1050 GOSUB 1100: REI1 PLOT - END OF BAR 
1060 RETURfl 
1100 REI1 PLOT - Et~D OF BRR 
1110 E=AIS(V*100)-AIS«VI+I)*100) 
1120 '''=','2+ 1 : GOSUI 500 
1130 IF E)75 THEN PRINT B$:OOTO 1150 
1140 IF E)25 THEN PRINT 13$ 
1150 RETURfl 

READ''', 

In ordes to test these subroutines, type in the 
statements shown in Figures 10.21 and 10.24. Then 
clear the screen and type the following two lines in the 
immediate mode. You should obtain the result shown 
in Figure 10.25. 

B$="RVS space OFF", B2$="LOGO I": 
B3$="RVS LOGO I OFF" 

V=+3.0: X=10: GOSUB 800 

The line beginning with V=+3.0 is "live" on the 
screen. This means that if you edit this line by changing 
the values of V and X, then when you press RETURN 
the new statement will be executed, and a new bar will 
be plotted. Edit this line to plot the following bars: 

V=+0.6: X=lI: GOSUB 800 

V=-0.6: X=12: GOSUB 800 

Figure 10.25 Testing subroutines given in Figures 10.21 
and 10.24. 

V=+1.3: X=I3: GOSUB 800 

V=-1.3: X=14: GOSUB 800 

You should obtain the bars shown in Figure 10.26. 
Note that the last bar caused the top line to scroll off 
the screen, Try some other values. 

This technique of using the immediate mode of 
execution to test subroutines is a good method, 
because you can make lots of tests without disturbing 
the program that you have stored in the computer. 

We will now use these subroutines to plot a 
"multiple" bar graph that will display multi-year 
economic data. 

Multiple Bar Graph for Economic Data 

In this section we will develop a program to plot a 
"multiple" bar graph of the economic data given in 
Table 10.2. 

For each year we will plot four bars, one for each 
economic factor. Each of these four bars will use a 

TABLE 10.2 Economic Data adapted from data on p. 67 of the 
March 10, 1980 issue of TI ME Magazine 

Inflation % 
change 
in c.P.1. 
Unemployment 
% of 
civilian labor 
force 

Growth % 
cha nge in 
rea l G.N.P. 
Personal 
income % 
change 
per capita 
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1976 1977 1978 1979 1980 
4.7 6.8 9.0 13.3 18.2 

7.8 7.0 6.0 5.8 6.2 

4.8 5.8 4.9 0.8 1.7 

2.8 4.5 3.4 - 0.8 - 0.5 

Ian . change 
at compound 

annual rate 
Jan . 

Projected 
1st Q. 

Projected 
1st Q. 



Figure 10.26 Further tests of subroutine given in 
figures 10.21 and 10.24. 

different color. The colors used are given in Table 10.3. 
Note that only "personal income" has negative va lues. 
The effect of using the same symbol for BS and B2S is 
to round to the next higher whole number when the 
fractional value exceeds 0.25. 

TABLE 10.3 Colors Used in 
Economy Bar Graph 

Data 
Inflation 
Unemployment 
Growth 
Personal Income 

Color 

yellow 
green 
purple 
cyan 

It is fa irly easy to see that the twenty-two character 
width of the VIC 20 screcn will accommodate a 
vertical bar graph for only four of the five yea rs of data 
given in Table 10.2. However, if we deve lop a program 
for creat ing a fu ll bar grap h on the Commodore 64, it 

figure 10.27 Main program for plott ing economy bar 
graph on the Commodore 64. 

10 REt'1 THE ECONOI'1't' 
II PRItH":J" 

turns out only a rew minor changes in the program can 
create a very simi lar display on the VIC 20 with the 
1980 data deleted. Therefore, we will direct attention 
subsequently on the Commodore 64 program and then 
modify it for the VIC 20 at the end . 

The main program for plotting this bar graph on the 
Commodore 64 is shown in Figure 10.27. Line II 
clears the screen. Line 15 defines thefour color squares 
given in Table 10.3. Line 16 defines the needed color 
half-square graph ic symbols. Lines 20-60 are DATA 
statements containing the data given in Table 10.2. 
Note that each DATA statement contains the data for 
one year, starting with 1976. 

The value of X is initialized to zero in line 65. This is 
the column number in which the first bar will be 
plotted. The FOR ... NEXT loop in lines 70-90 is 
executed five times (once for each year). Each time 
through this loop, four bars are plotted, corre­
sponding to the data for one year. This is done by a 
subroutine that starts at li ne 200. Line 100 calls a 
subroutine at line 600 that prints the heading and sca le 
fort he graph. Line 150 branches on itself to prevent the 
READY message from being displayed. 

The subroutine to plot the next four bars of the 
graph is shown in Figure 10.28. The READ statement 
in line 210 reads the next four values of inflation, 
unemployment, growth, and income, and stores these 
va lues in the memory cells I, U, G, and M. The 
inflation bar is plotted by lines 230-240, using the 
subroutine shown at line 800 of Figure 10.21. Note 
that the value of V has been assigned the inflation 
value I, B$ has been assigned the inflation full­
character II S. and B2$ has been assigned the inflation 
ha lf-character 12$. Line 250 increments the co lumn 
number by one so that the next bar will be plotted in 
the adjacent column. Lines 260-270 plot the unemploy­
ment bar. Lines 280-300 move to the next column and 
plot the growth bar. Lines 310-330 plot the income bar 
in the next column. Note that B3$ had to be defined in 

15 I 1$=lIlil~ !!" : Ul$="ii~~ !!" : (i1 $;;;lIai ~~ !!" : t'11:f.=" ... a !!" 
16 12$=" r.;.11 : U2:f.=" Iii .. " : 02$="." : t'12$=" trrr...." : t'13$=" 1irL~" 
20 DATR 4.7.7.8.4.8.2.8 
30 DATR 6.8,7 )5.8,4.5 
40 DRTR 9.6,4 .9. 3 .4 
50 DATR 13 .3.5.8 ,£1.8 ,-.8 
60 DATA 18.2 , 6.2)1. 7) -.5 
65 X;0 
70 FOR J;1 TO 5 
80 GOSUB 200: REt-I PLOT 4 BFtRS 
90 t·tEXTJ 
100 GOSUB 600: REt-I PR I NT HERD! NG .~ ,,:CALE 
15£1 GOTO 150 

READ'f. 
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line 320, because some of the income data is negative. 
Line 340 increases the co lumn number X by 5. This 
will leave a four-column space between each group of 
four bars. 

Figure 10.28 Subroutine to pl ot the next fou r bars on 
the graph. 

200 REI'l PLOT HEXT 4 BAR::; 
210 READ I ,U, G, M 
230 V=I :BI=ll ':B2S=12' 
240 GOSUB 800:REM PLOT TOTAL BAR 
250 X== X+1 
260 \I =U: B$=U 1$: B2$=1j2$ 
270 GOSUB 800 
2813 :>< =::-;;+1 
290 V=G: B'=G 1$ : B2$=G2$ 
300 GOSUB 800 
310 X=X+1 
320 \1 =11: B$=m $ : B2$=~12$ : B3$=1'1:3$ 
330 GO:=;UB 800 
340 >~=i<+5 
350 RETURH 

READ',. • 

The su broutine to display the yea rs a t the boltom of 
the graph, a head ing in the upper left corner, and a 
scale along the right side is shown in Figure 10.29. 
Lines 610-620 print the five years under the appro­
priate bar graphs. Lines 630-680 print the ti t le of the 
graph and the legend to ex plain the four graphic 
symbols. Lines 690-730 print the sca le along the righ t 
side of the gra ph. 

The entire progra m for the Co mmodore 64 to 
plot the economy bar graph is given by the sta tements 
in Figures 10.27, 10.28, 10.15, 10.29, 10.21, and 
10.24. The result of running this progra m is shown in 
Figure 10.30. 

Although this progra m is relatively long, you can 
see that by breaking the program into functional 

Figure 10.29 Subroutine to display head ing and scale. 

600 REi'l D I SPLAT' '''ERRS, HERD HlCi, At·m ':;CALE 
61121 X=0 : '(;:::22: GOSIJB 500 
620 PRINT "1976 1977 1978 1979 
630 PR I1H" ~!!JIITHE ECOHOt'l ',. " 
640 PRIm 
650 PRIIH 11$ ; 11$; " .. mFLAT WW 
660 PR IIH U 1$; U 1$; " .. UttEI1PLO'mEtH" 
670 PF:IHT 13 1$; GU; " ... CiROVHH m GttF'" 
680 PR I NT t'11 $; I'll $; ".. PEF: ::;Dt~RL mCOI'lE" 
69'1 ~-<=36: '(= 1 : GOSUB 5013: PR I r~T II ~~ II ; 

700 '(=5 : CiU;UB 500: PR I t·n II _15 11 
.; 

710 ',.= 10 : IJOSUB 5013: PR I HT " _10" .; 
720 'T"'== 15 : GOSUB 500 : PR I t~T II ___ 5" .; 
730 1-(::::213 : GOSUB :~00: PRI~n"_0" 

740 RETUI':tt 

READ'" , 
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modules you can more easily keep track of what is 
goi ng on. This will also make it eas ier for you to 
modify this program to suit your own needs. 

T o modify the program for use on the VI C 20, it is 
necessary to drop fo ur bars represent ing one yea r of 
data. We chose to drop the data for 1980. In this case. 
line 60 of the program co nta ining the data for 1980 
becomes unnecessary. I n line 70, we change 5 to 4 so as 
to ptot only four groups of bars. By cha ngi ng 5 to 2 in 
line 340, we reduce the spac ing between groups offour 
bars to a single column. T o reduce the spacing the 
sa me fort he titles under the bars, we cha nge line 620 to 
read : 620 PRI NT" 1976 1977 1978 1979"; . The final 
semicolon is necessary to preve nt an undesired 
scro lling of the screen . Fi na lly, by cha nging X=36 to 
X= 18 in line 690, we move the scale over to touch the 
final gro up of vertica l bars. In Figure 10.3 1, we show 
the resulting bar gra ph of eco nomic data prod uced by 
the VIC 20. 

Figure 10.30 Bar graph of economic data given in 
Table 10.2 on the Commodore 64. 

1980" 
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Figure 10.31 Bar graph of economic data given in 
Table 10.2 on the VIC 20. 

EXERCISE 10-1 
The following table shows the amou nt of gasoline 
required to fill the gas tank of a certain station wagon: 

Speedometer Reading 

93769.3 
94034.6 
94249.1 
94376.6 
94558.0 
94778.2 
95037.0 
95258.0 
95499.3 
95732.7 
95941.2 

Gallons to Fill Tank 

15.5 
15.2 
14.8 
9.0 

10.5 
12.8 
14.9 
14.7 
15.3 
20.3 
15.0 

Write and run a program that will: 

a. store this data in DATA statements, 

b. compute the gas mileage in miles per ga llon for 
each fi ll -up, and plot the results as a bar graph, 

c. compute and print out the average miles per 
gallon for all fill-up s shown in the table. 

EXERCISE 10-2 
Each entry in the following table gives a nation, its 
popUlation, and its area (in square miles): 

Nation 

Australia 
Canada 
China 
India 
Japan 
Soviet Union 
United Kingdom 
United States 

Population 

14,620,000 
23,940,000 

1,027,000,000 
667,326,000 
116,780,000 
266,670,000 
56,235,500 

226,504,825 

Write and run a program that will: 

a. store this data in DATA statements, 

Area 

2,965,368 
3,851,809 
3,691,502 
1,178,995 

143,689 
8,649,489 

94,500 
3,615,122 

b. compute the population density for each nation 
in people per square mile, and 

c. plot the results as a bar graph. 
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LEARNING TO ET WH 
AN AL TE NA IVE 

OU WANT: 
NPUT 

The only method you now know for entering da ta 
from the keyboard is to use the INPUT statement. One 
potential disadvantage of using the IN PUT statement 
is that the data is not accepted by the Commodore 
64 j VIC 20 until you press the R ETURN key. 
Sometimes you would like the Commodore 641 V IC 20 
to accept a single character from the keyboa rd as soon 
as its key is pressed. The GET statement will do this. 
This statement is particularly useful for interactive 
games or other programs in which you need an 
immediate response to the pressing of a key. 

In this chapter you wi ll learn how to: 

1. use the GET statement 

2. wri te a progra m that wi ll allow you to draw 
sketches interactively on the screen 
3. write a program tha t will allow you to move a 
fight er plane around the sc reen and fire pha se rs 
from the plane's wi ngs. 

THE GET STATEMENT 

The GET statement is used to store a single character 
typed on the keyboard in a string va riable such as AS. 
The form of the GET sta tement is GET AS where AS 
ca n be any string va riable. In orderto understand how 
the GET statement works you need to know what 
ha ppens when you press a key. 
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Ten memory locatio ns in the computer's RA M 
(read-write memory) have been set aside to form a 
keyboard input buffer. This buffer temporarily sto res 
each character that you type. When you press a key, 
the co rresponding character (actually a numerica l 
code representing the character) is stored in the first 
memory location of the keyboard buffer. If a BAS IC 
program then encounters the statement GET AS the 
character sto red in the keyboard buffer (corre­
spond ing to the key you pressed) will be moved into 
memory ce ll AS. If the statement is execu ted without a 
key be ing pressed. the buffer is empty, and the string 
var iable AS is assigned to the /lull string give n by" ·' 

Beca use the Commodore 64 / VIC 20 will not know 
when yo u are going to press a key, and therefore when 
to execute a GET statement. you must program a 
special loop whenever you want to GET a characte r 
from the keyboa rd. T his loop can be wrillen as 
fo llows: 

10 GET A$: IF A$="" THEN 10 

In this statement, when GET AS is executed, the next 
character in the keyboard buffer is stored in AS. If the 
keyboard buffe r is empty (that is, if you have not 
pressed a key), then AS will be assigned the null string 
..... If th is is the case, line 10 will just branch to itself 
a nd execute the GET stateme nt again. Th is loop wi ll 



continue until you press a key which will store a 
character in the keyboard buffer. At this point the 
statement following line 10 wi ll be executed. 

In order to test the GET statement type in line 10 
above foll owed by the line 20? AS;: GOTO 10. If yo u 
run this two-line program, the Commodore 64/ VIC 20 
should print on the screen any character that you type, 
as shown in Figure 11.1. 

Run this program and try lots of keys. Note that 
you ca n print any character, including the graphic 
symbols. Also note that the RETURN, reverse video, 
color, and cursor keys wo rk in the normal way. 

In the program shown in Figure 1l.1, each 
character you type is stored in the first location of the 
keyboard buffer. This is because the program is 
executed so rapidly that as soon as you press a key, the 
GET statement is immediately executed again and will 
read the character and therefore empty the buffer. 
Only if you can type in more than one character before 
the GET statement is executed a second time will these 
additional characters be stored in the keyboard buffer. 
You will have an opportunity to observe this effect in 
the plane program later in this chapter. 

Figure 11,1 This progra m GETs a cha racter from the 
keyboard buffe r and displays it at the next screen 
location. 

10 GET AS , If AS= .... THEN 10 
20 ? AS. ' GOTO 10 
RUN 
THI S PROGRAM WILL PRINT ANY CHARACTER 
THAT YOU TYPE. HOTE THAT PRINTING THE 
RET URH KEY CAUSES THE CURSOR TO MOVE TO 
TH E BEGI HHIHG Of THE NEXT LINE ; THE 
CUR SOR IS INV ISIBLE BECAUSE WE ARE ONLY 
EXECUTING THE PROGRAM SHOWN ABOVE. AND 
WE DID NOT PROG RAM IN A CURSOR' 
TO STOP THE PROGRA M. JUST PRESS THE 
STOP KEY LIKE THIS , 
BR EAr I H 10 
READ'I. 

Figure 11.2 Move graphic symbol left. right. up. or 
down using keys A, D, W. and X. 

Key 8 D 
Key 4 Key 6 ----GJ 

Key 2 8 

~ 
G 

r 

DRAWING PICTURES INTERACTIVELY 

In order to draw a picture interactively, we will write a 
program that will cause a graphic symbol to be moved 
left , right , up, or down by typing A, 0, W, and X, 
respectively, as shown in Figure 1l.2. 

A program to accomplish this is shown in Figure 
11.3. Lines 500-530 contain the "Move to X,Y" 
subroutine described in Chapte~9. Line 5 clears the 
screen. Lines 10-20 move the cursorto location X= 10, 
Y= 10 and print the graphic character LOGO+. Line 
30 is the GET loop just described. This statement will 
loop on itself until a key is pressed. When a key is 
pressed, lines 40-70 check to see if the key was an A, 0, 
W, or X. If it was A, the value of X is decremented by 
one, and the program branches to line 20, which will 
move the cursor one space left and print a new graphic 
character. Line 30 will then wait for another key to be 
pressed. Note that moving left corresponds to decre­
menting X, and moving right corresponds to incre­
menting X. Moving up corresponds to decrementing Y 
while moving down corresponds to incrementing Y. If 
the key pressed is not A, 0, W, or X, then line 95 will 

Figure 11.3 Program for drawing pictures interactively 
on the screen. 
2 REI'! INTERRCTl'y'E DRRWIHG 
~ 

'-' PR It'4T II:J'I 
1>3 X=10 : Y=10 : B$=" m" 
213 GO:;UB 51210 : PRall' B$ 
3£1 GET R$ : IF R$;:;"" THErJ 3~j 

40 IF A$::;;:IIA 11 THEN :~~=X-l :GOTO 2£1 
5~3 IF R$:::::IlD li THErJ :'~=X+ 1 : GOTO 20 
6£' IF R$= II~'J" THEN ','~Y- l : GOTO 20 
70 IF A$=IIX II THEN 'T'=Y+ 1 : GOTO 2~1 
95 [;OTO 30 
513£1 RE I'1 I'IOVE TO X~ 't 
51£1 PR Un"~"; : IF Y=0 THErJ 5 30 
520 FOR 1=1 TO ',' : PR I rrr : NE:~T 
5313 PRIHT TRB 00; : RETURtJ 

READ',' . 

0 
8-
[2] 
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Figure 11.4 Sample run of program shown in Figure 
11 .3. 

branch back to line 30 and wait for another key to be 
pressed. 

Type in this program and run it. A sample run is 
shown in Figure 11 .4. 

Making Diagonal Lines 

As an exercise you should try to modify the program 
shown in Figure 11 .3 to make it draw diagona l lines 
using keys Z, C, Q, and E, as shown in Figure 11.5. 

Figure 11.5 Move graphic symbol diagona ll y using 
keys Z, C, Q, and E. 

Key 8 
Key 9 

Key 4 Key 6 

Key 1 
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Figure 11.6 Modification of program shown in Figure 
11 .3 to a llow drawing of d iagona l lines. 

2 REt'l IHTERRCTI',E DRRl-Wm 
5 PRIt-lTlt:J1I 
10 X~10' '''=10 ' B$=" )!'" 
20 GOSUB 500' F'R I HT B$ 
3£1 GET A$: IF A$= II II THEt·~ 3(1 
40 IF A$= II AII THEt~ :X:~~~-1: (;OTO 20 
50 IF A$;:::IID" THEH ?~ ;:::>::+1 : GOTO 2E.::1 
60 IF A$="W' THEH '1'='1'-1 ' GOTO 2'3 
70 IF R$="X" THEH '1'='1'+1 ' CiOTO 2(1 
80 IF A$="Z" THEH X=i':- I' '1'='1'+1 ' GOTO 20 
90 IF A$="CIt THEt~ ~~=>~+1: Y='r+l: GOTO 20 
100 IF R$="Q" THEel )(=)(-1 ' 'r=Y-l' GOTO 2(1 
110 IF R$="E " THEH X=i(+1 "r=Y-l : GOTO 20 
190 GOTD 30 
500 REI1 l'IO"lE TO :>(, Y 
510 PRan " >:!"; : IF '1'=0 THEti 530 
520 FD!': 1=1 TO '1': PR nn ' f~ E>n 
530 PR HH TAB (X); : RETURti 

READY. 

The listing of a program that wi ll a ll ow drawing of 
d iagonal lines is shown in Figure 11.6. Lines 80-110 
ha ve been added to check for the press ing of keys Z, C , 
Q, or E. For example. if key Z is pressed , you want to 
move the cursor left I and down I. Th is is accom­
plished by decre menting X by I (X= X-I) and 
increment ing Y by I (Y=Y+ I) as shown in line 80. By 
branching to line 20 the cursor is moved to this new 



Figure 11.7 Sample run of program shown in figure 
11.6. 

location, and a new graphic symbol is p lotted. Note 
that line 95 in Figure 11.3 had to be deleted and a 
new GOTO 30 sta temen t was added as line 190 in 
Figure 11.6. 

A sa mple run of the program given in Figure 11.6 is 
shown in Figure 11 .7. 

Watching the Edge of the Screen 

When you run the program shown in Figure 11 .6 , you 
will find that if you draw the p ictu re off the left edge of 
the screen, you will o btain the error message shown in 
Figure 11.8. Each time you move the curso r left , you 
subtract one from X. The va lue o f X will be zero at the 
left edge of the screen. If you try to move one more 
position to the left, the va lue of X will become - I . But 
the argument X in TAB(X) in line 530 must be in the 
range 0-255. T herefore, when you make X=- I, yo u 
obtain the erro r message ?ILLEGAL QUANTITY 
ERROR IN 530. 

Figure 11.8 Error message produced because X 
became negative in TABIX ). 

Other stra nge phenomena will occur if you go off 
the top, bottom, or right edge of the screen. You 
shou ld lry this. I n order La preve nt these phenomena 
from occurring, you can modify the "Move to X,Y" 
subrout ine by adding lines 502-508 shown in Figure 
11.9. Figure 11.9(a) shows the modification for the 
VIC 20 a nd Figure 11 .9(b) shows it for the Commo­
dore 64. Line 502 will replace a ny negative value of Y 
with the value of ze ro. This will prevent the picture 
from t rying to go off the top of the screen. Line 506 will 
do the sa me for the va lue of X. Th is w ill prevent the 
error message shown in Figure 11.8 from occurring. 
Line 504 will keep the picture from scroll ing when you 
try to move it offthe bottom of the screen. Line 508 in 
Figure I I .9(a) restricts the picture to a maximum of2 I 
col umns, appropriate for the VIC 20 . L ine 508 in 
Figure I I .9(b) res tricts the picture toa maximum of39 
co lumns, a ppropria te for the Commodore 64. (Chang­
ing the max imum number of colum ns to 22 on the VIC 
20 or40 on the Commodore 64 will cause the picture to 

scroll when the cursor is at the bottom right position of 
the screen.) 

Figure 11.9 Mod ification Ilines 502-508) of p rogram 
shown in figure 11.3 to keep picture on the screen . 
la) V IC 20. Ib) Commodore 64. 

2 REt'1 I HTERACTl './E DRA~,m1Ci 101 
5 PRIHT":Ju 
10 X=10: 11':;;:10 : B$:;u ~~ " 

28 GOSUB 5~'0: F'RINT B:. 
:38 GET A$: IF A$="" THEN .j'J 
40 I F A$=" A" THEH ,;=;(-1: GOTO 20 
50 IF A$="D" THEH X=;(+I : GOTO 28 
60 IF A$=" loJ" THEN '(=1'-1 : GOTO 20 
70 IF A$=" X" THEN ','='(+1 : GOTO 20 
80 I F A$: "Z" THEN X=X-l :Y=Y+l :GOTO 20 
90 IF A$=" C" THEri >:=:~+1: '(=',;+1: GOTO 28 
100 IF R$="Q" THEN X=X-l : '(='(-1 : GOTO 28 
11 0 IF R$="E " THEN X=;~+I :" ,=,,.-1 : GOTO 28 
198 GOTO 38 
500 REt1 t'10VE TO X, 'I 
582 IF '''(0 THEN ~'=0 
504 IF '()21 THEI; 1'=21 
586 IF ;':(0 THEN X=0 
508 IF X)20 THEN X=20 
510 PR nn " ;:3" ; : IF '1=0 THH j 53<, 
520 FOR 1=1 TO 'I' : PRHH : I;EXT 
530 PRUH TAB(X);: RETURN 

READ'I . 

---------------- Ibl 
2 REt'1 nnEF.:ACTI '·/E DI<:mJI HG 
5 PRItH":,)JI 
10 X=10: ITI:;;:10: B$=I1 ~ 1I 

28 GOSUB 500 : PRUH B$ 
~:0 GET A*·: IF A$= " " THEH 38 
40 IF A$="A" THEN ;';= :~-I: GOTO 28 
58 IF A$= "D " THEN X=I(+I : GOTO 20 
60 I F R$="W THE fj '(='(-1 : GOTO 28 
70 IF A$=";:" THEN '(='1+ I : GOTO 20 
80 IF A$:;;: II Z II THEN X::;:;>::-l: 11':;;:11'+ 1 : 130 TO 20 
90 I F At="C" THEH :~=>;:+I :',=','+1 : GOTO 20 

99 



(bl 100 IF 1'1$="0" THEN :'~=X-l :',,='''-1 : GOTO 2~1 
110 IF A$="E" THErl X=><+I: '''=1'-1 : GOTO 20 
190 GOTO 30 
500 REI'1 I'IOVE TO X, '" 
502 IF '«0 THEN ','=0 
504 IF Y) 23 THEN 't'=23 
506 IF X(0 THEN X=~1 
508 IF X)38 THEN X=38 
510 PRUIT"i:l" ; : IF '''=0 THErI 5:3(1 
520 FOR 1=1 TO 1' : PRHn:NE>~T 
530 PR I NT TAB C' :) ; : RETU":N 

READ'''. 

A sample run of the program given in Figure I 1,9 is 
shown in Figure 11.10. Note that the picture is never 
allowed to go off the sc reen. You should add lines 
501-508 to your program and try drawing pictures 
near the edge of the screen. 

Figure 11.10 The program shown in Figure 11.9 will 
keep the picture on the screen. 

Making a Blinking Cursor 

One disadvantage of the program given in Figure 11 .9 
is that if yo u backtrack along a line you ha ve already 
drawn. you cannot easily tell where you are. This 
deficiency can be corrected by adding a blinking 
cursor to the program. This can be done by substi­
tuting for line 30 the following three lines: 

25 FOR 1= 1 TO 50: NEXT 

30 GET AS: IF AS<>""THEN 40 

35 GOSUB 500: PRINT"": FOR 1= 1 TO 50: NEXT: 
,POTO 20 

The resulting main program is shown in Figure 11 . 11. 
Note that in line 30 AS is again compared to the null 

st ring .... , and the program will branch to line 40 if AS 
is no l equal to the null string (tha t is. ir a key has bee n 
pressed). If a key has not been pressed, then line 35 will 
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be executed. This line first determines where the cursor 
is (using GOSUB 500) and then prints a blank at that 
position. The FOR .. . NEXT loop FOR 1=1 TO 50: 
NEXT is used as a delay. That is, it uses up the amount 
of time needed to go through this loop fifty times. If 
you want a longer delay time (corresponding to a 
slower blinking cursor), change the 50 to a larger 
number. For a shorter delay, change the 50 to a smaller 
number. Afterthis delay, during which a blank is being 
displayed at the cursor position, the program branches 
to line 20, where the graphic symbol B$ is again 
disp layed at the cursor position. Line 25 is another 
delay loop which is used to keep the symbol B$ 
displayed for a short time. Line 30 then GETs another 
valuefor A$ and, if a key has not been pressed, line 35 
will display another blank at the cursor position. This 
loop (lines 20-35) will produce the effect of a blinking 
cursor. 

Figure 11.11 Lines 20·35 produce a blinking cursor. 

2 REI1 I NTERACTI \IE DRAIH NG 
5 PRIHT":J" 
10 }<=10 : Y=10: B$= :'~?u 

20 GOSUB 5'30: F'R ItH B$ 
25 FOR I = 1 TO 50 : t,E~':T 
30 GET Af: IF A$O"" THEN 40 
35 GO:3UB 500: PR 1 NT I, " : FOR I:::: 1 TO 5(1 : r~E>n : GOTO 20 
40 IF A$="A " THEN X=:': - 1: GOTO 20 
5~3 IF A$= IIIi " THEN ><=::<+1 : GOTO 2121 
6>3 IF A$="iol" THErl ','=1'-1: GOTO 2'3 
710 IF A$=" ~,: " THErI '''='1'+ 1 : GOTO 20 
<'0 IF A$="Z " THHI :':=(;-1 : '''='''+1 : OOTO 20 
90 IF A$="C" THEN :,=~';+1: '''='1'+1: GOTO 20 
1'30 IF A$="O" THEN ;<=)\-1 :1'='''- 1 :GOTO 20 
110 IF A,t.="E" THEN /<: =X+l :'''='1'-1 "30TO 20 
190 GOTO 30 

READ1'. 

Make this change and run the modified program. 
You may be able to observe that the cursor blinks a 
little faster at the top of the screen than at the bottom 
of the screen . This is because the time spent in the 
subroutine "Move to X,Y" (line 500) depends on the 
value of Y. Larger values of Y, corresponding to the 
lower part of the scree n, wi ll cause a longer time to be 
spent in subroutine 500 when it is called in lines 20 and 
35 . Thus, the statement GOSUB 500 is like a delay that 
depends on the value of Y. By adding the fixed delay 
given by FOR 1= 1 TO 50: NEXT the dependence of 
the blinking rate on the screen position can be 
minimized. It will be exaggerated if you change the 50 
in the FOR ... NEXT delay loop to a smaller number. 
(Try changing it to I.) If you change the 50 in the 
FOR .. . NEXT loops in lines 25 and 35 to 99, the 
blinking rate will be reduced and there should be less 
of a difference in the rate between the top and bottom 
of the screen. Try it. 



Changing a Graphic Symbol 

More varied pictures cou ld be drawn if you could 
interactively change the graphic symbol that is printed 
in the program in Figure 11 .11. S uppose, for examp le. 
that when you press the key G (for graphic symbo l), 
the cursor s tops blinking and the next key you press 
will be the new graphic symbol. This modification can 
be added to the program in Figure 11.1 1 by d eleti ng 
line 190 and add ing the fo llowing four lines: 

120 IF A$<>"G" THEN 30 

130 GET AS: IF AS="" THEN 130 

136 BS=A$ 

138 GOTO 20 

The revised main program listing is shown in Figure 
11.12. Line 120 checks to sec if lhe key pressed was G. 
If it was not G, the program branches back to line 30 
and waits foranother key to be pressed. If it was G, line 
130 will be executed. T his is just the standard GET 
loop that waits for a key to be pressed. The next key 
pressed will be the new graphic symbol. It is assigned 
to BS in line 136. The program then branches back to 

line 20 and displays this new symbol. 
Make these changes and run th is new program. A 

sample run is shown in Figure 11. 13. You may notice 
in running this program that the reverse video key 
appears not to work. That is, yo u cannot ehange BS to 
a reverse video character. This is because pressing the 
RVS key after pressing G will assign R VS to AS a nd 
therefore to BS in line 136. The reverse video will then 
be turned on when B$ is next printed in line 20. 
However, the reverse video is turned afrby a ca rriage 
return. Thus, since the PRI NT statement in line 20 

Figure 11 .12 Lines 120-140 will cha nge the graphic 
symbol if key G is pressed. 

2 REi'l ItHERRCTI\'E DRRl,HlG 
5 PRlrnu:J'1 
10 X=10: '1=10 : B$="t;" 
20 GO,,;UB 500: PR lHT B:f 
25 FOR 1=1 TO 50 :NEXT 
30 GET Fi$ : IF R$O"" THEH 40 

does not end with a sem icolo n, the execution of this 
PR INT statement will immed iately turn off the reve rse 
video. Even if this PR INT statement ended with a 
sem ico lon, the reverse video would be turned offby all 
of the PRINT statements in sub ro uti ne 500. 

Figure 11.13 Sample run of program shown in Figure 
11.12 illustrating cha nged graphic symbols. 

In order to add the reverse video capabi lity to the 
progra m in Figure 11 . 12, it is necessa ry to turn on (a nd 
off) the reverse video each time BS is printed by line 20. 
This can be done by add ing the fo llowing li nes: 

20 GOSUB 500: IF RV=O THEN PRINT 
BS:GOTO 25 

21 PRINT "RVS" + B$ + " OFF" 

132 IF A$ = "RVS" THEN RV= I:GOTO 138 

134 IF A$ = "OFF" THEN RV= O:GOTO 138 

35 GOSUB 500: PRINT" " : FOR 1=1 TO 50 : fJEin : GOTO 20 
410 IF R$=" R" THEH X=X-l: GOTO 2'3 
50 IF A$="D" THEH ):=1<:+1: 130TO 20 
6£1 IF A$=" W THEt~ '1='1-1 : GOTO 20 
7£1 IF A$= II >~ II THEN Y='r'+ 1 : GetTO 2(1 
80 IF A$="Z" THEN :~=:~- ! : '1= '''+1 : CiOTO 28 
90 IF A$="C" THEH X=X+l : '.'=','+1 : GO TO 213 
1100 IF R$="Q" THEN X=X-1: '1='1-1: GOTO 20 
110 IF R$="E" THEfJ X=:~+I : ','= '1-1: GOTO 20 
120 IF R$O "G" THEN 30 
130 GET R$: IF R$="" THEfJ 130 
136 B$=R$ 
138 GOTO 20 

RERD'I. 
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Figure 11 .14 Li nes 10-21 and 132-138 will al low the 
graphic symbol to be changed to a reverse video 
character. 

2 REM INTERACTIVE DRAWING 
5 PR I ~nll:J" 

11.3 :X::::10: ',(= 10: B$=" ?~ " 
20 GOSUB 500 : IF RV=f.) THEfl PR nn B$: GO TO 25 
21 PRlt-n "~"+B$+"~" 
25 FOR I-I TO 50 : NEXT 
:30 GET A$ : IF A$G" " THEtl 40 
35 GOSUB 500 : PRI t-n " II: FOR 1=1 TO 50: t-~D<T : GOTD 20 
40 IF A$= "A" THEN X=X- l :GOTO 20 
50 IF A$::;:IIDII THEt-~ i~ ::;;:~-<+l : GOTO 20 
60 IF A$="l·J" THEt~ '1'='1'-1 : GOTO 20 
70 IF A:t-" ,,:" THEfl 'r=Y+l: GOTO 2~1 
80 IF R$:: IlZ tl THEt·~ ?(=:~-1 : 'r;:::'r+l : GOTO 20 
90 IF A:t=" C" THEtl ,(=ii+l : '1'='1'+1 : GOTO 20 
100 I F A$="Q" THEN ii=X- l: '1'=1'-1: GOTO 210 
110 IF A$="E" THEN ii=X+l: '1'=','-1 : GOTO 20 
12'0 IF R$() Il[i" THErl 30 
130 GET A$: IF A$=UH THHl 1:30 
132 IF R$="~II THEN R"I=1 : GOTO 138 
134 IF A$::: II !!'. THEN R'o/=0 : CiOTO 13:3 
136 B$=A$ 
138 GOTO 20 

READ'r, 

The resulti ng program is shown in Figure 11.14. If the 
key pressed after press ing G is the RVS key, line 132 
will se t the reverse video nag RV to I. If the key 
pressed after pressing G is the OFF key, line 134 will 
set the nag RV to 0. Anytime a new graphic symbol is 
typed after pressing G. line 136 will change B$ to the 
symbol AS entered. Now, in line 20, after setting the 
cursor, a check is made as to whether the reverse video 
f1agRVisOo r I. l f itisO. BS is printedasusua l.lfR V 
is I then " R VS" + BS + "OFF" is pri nted by 21. Thus, 
the character printed is reverse video. 

Figure 11 .15 Sample run of program shown in Figure 
11.14 illustrating changed reverse video graphic 
symbols. 
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Make the cha nges shown in Figure 11.14 and run 
the new program. A sample run is shown in Figure 
11.1 5. 

FIGHTER PLANE WITH PHASERS 

In the interact ive drawing program just described . all 
plotted points remain on the screen. Sometimes it is 
desirable to move a point (or points) around the 
screen. I n this case old points must be erased as new 
points are plotted. 

As a n example of doing this, suppose you want to 
draw the plane shown in Figure 11.16 and then move it 
around the screen using the A, D, W, a nd X keys . To 
do this you will need to be able to draw the plane at a ny 
location X, Y and also be able to erase the plane at any 

Figure 11.16 Geometry of plane to be drawn on 
screen. 

x 

y 

Y+ 1 

Y+ 3 -

X-2 X+ 2 
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locat ion. Subroutines for doing this are shown in 
Figure 11.17a. 

T he subroutines in Figures 11.1 7b a nd 11.17c are 
O Uf usual uMove to X,V" subrout ines with the screen 
limits cha nged to keep the wings a nd ta il fro m going 
off the screen. Line 110 in Figure 11.1 7a draws the 
pla ne a t X,Y a nd line 160 erases the pla ne at X,Y. In 
order to test these subroutines, type in the sta tements 
shown in F igure 11.1 7, a nd then clear the screen and 
type these sta tements in the immedia te mode: X= 15 
(10 on the VIC 20): Y=5: GOSUB 100. 

Yo u should obta in the result shown in Figure 11. 18. 
In o rder to test the eras ing subroutine, move the cu rsor 
to the top of the screen a nd ed it the sta tements in 
Figure 11 . 18 by cha nging GOSUB 100 to GOSUB 150. 
When you press R ETU RN the p lane should disa p­
pea r. T ry it. 

Main P rogram with S tubs 

T he next step is to wri te a main program tha t will move 
the plane left , right. up. and down whe n you p ress keys 
A, D, W, and X, respective ly. In addi tio n, we want to 
fire a phase r from the left wing when key L is pressed 
a nd from the right wing when key R is pressed . Even 

Figure 11.17 (aJ Subrouti nes to draw and e rase the 
plane . (bJ "Move to X,Y" subrouti ne for the VIC 20. 
(c) "Move to X,V" subroutine for the Commodore 64. 

1'1 1130 REt1 DRA1·J PLAt'IE 

Figure 11 .18 Testing subrouti ne to d raw plane. 

tho ugh we have not lea rned how to d o this ye t . we ca n 
write the comp lete main p rogram as shown in Figure 
11.1 9. Line 10 clea rs the screen a nd sets the initial 
plane loca tio n. Line 20 draws the p lane at this initial 
X,Y loca t ion. Line 30 is the standard GET loop that 
wa its for a key to be pressed. Lines 40-70 check to see if 
the key pressed is a A. D. W. or X. If it is any of these 
keys. the pla ne is erased and then redrawn at the 
a pprop ria te new positi o n. 

110 GOSUB 600; PR I NT" l!.<t!lIIH&mm"1.IIII'RiillfHW" ; F: ETU~:tl 
158 REt'1 ERASE PLAt·IE 
160 GOSUB 600; PF:HlT" ~.11111 :~.II :~1I1 ; RETUR~I 

READ',' . 

Ibl 600 RHI t·1I)"E TO ~,.' 'T' 
6132 IF 'T'(13 THEN 'T'~O 
684 IF 'D 18 THEN 'T'~ 1~:: 
60.6 IF >«2 THEr~ ~<;::2 
60:3 IF ;<> 18 THEN ~"\::::: 18 
61£' PRnn";:j"; ; IF 'T' ~£' THE~I 630 
620 FOR 1~1 TO 'T' ; PRnlT ; HE~·;T 
630 PR I t~T TAB (X) ; : RETURH 

READ'T' . 

fej 6013 REM I"IO\'E TO )~., 'T' 
602 IF ','<)3 THEt'l Y~0 
604 IF '1 )20 THEH '1=213 
61216 IF ;«2 THEN ;:'::=2 
6'218 IF >036 THEH X=36 
610 PRIm"::!"; ; IF 'I~0 THEN 630 
620 FOR I ~ 1 TOY ; PR INT ; HE)~T 

630 PR HIT TAB 00; ; RETURt, 

READ'T' . 
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Lines 80-90 check to see if the key pressed is an Lor 
an R. If it is an L then the program branches to the 
subrout ine at line 200; if it is an R then the program 
branches to the subroutine at line 300. When they are 
written, these subroutines will fire the phase rs. For 
now, just type 

200 RETURN 

300 RETURN 

These are called stubs. and we will add phase r-firing 
subroutines here later. You know that you want to call 
these subroutines when you press keys Land R. 
Therefore. you ca n complete the ma in program as 
shown in Figure 11 . 19 without having written the 
phase r-firing su broutines at lines 200 a nd 300. Of 
course. if yo u run the program and press key L (o r R) 
noth ing will happen. because the program will 
immedia tely RETURN a nd then go back to line 30. 
However. keys A. D. W. and X should behave 
properly. Type in the main program shown in Figure 
11.19 a nd run it. Does it behave as yo u ex pected? 

Phaser Subroutines 

Now that the main program is working. yo u can 
concentrate on writing the phaser subroutines. There 
are many different ways to make phasers. One 
possibilit y is shown in Figure 11 .20. Lines 200-250 fire 
the left phaser. Lines 300-350 fire the right phase r. T he 
subroutine in lines 400-440 erases ei ther phaser. 

Lines -500-530 con tai n ye t a nother copy of the 
"Move (Q"sub rout ine. Howeve r. this time we make it 
" M ove to U .V", We can't use the existing "M ove to 
X. y" Sli broutine beea use ( I) using it to fire phasc rs wi II 
require us to alter X and Y from the plane coordinates 
and (2) the existing subroutine contains statements in 
lines 602-608 that won't a llow X and Y to reach the 
edges of the screen. I n the case of the phasers. we have 
to be able to fire phase rs right up to the edges of the 

Figure 11.19 Main program for controlling a fighter 
plane wi th phasers. 

5 REt1 F lGHTER FUtl·IE ~'JI TH PHASERS 
10 PF:Hn ":J" : X=10: 'T'= } 0 
20 GOSUB f/00: G08IJB 8;00 
:30 GET A$: IF A$="" THEI'l 30 
40 IF A$="A" THEN GOSUJ:: 150 :X=;';-1 : GOSUB 
50 IF A$="II" THEN GOSUB 15(' : ;':=X+l : GOSUB 
60 IF A$=" VI" THEN GOSUB 150 : 'T'='T'- 1 : C;D~:UB 
7'1 IF A$=" X" THEN GOSUB 150 : Y='r'+ 1 : GOSUB 
~:0 IF A$="L" THEI'l GiJSUB 200 : GOTO 30 
30 IF A$="P" THEN GOSUB 300 :(;OTO 30 

35~3D 
READY. 
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screen. Hence, we introduce U and V as new coor­
dinate variables for that purpose and a new copy of 
the "Move to" subroutine just for them. 

The FOR ... NEXT loop in lines 220-240 plots a 
string of dots from the tip of the left wing to the top of 
the scree n. Line 250 then erases this string (using the 
subroutine at line 400) . This is one phaser firing. The 
program then RETURNs to the main program (in line 
80) and checks for a nother key-pressing. The loop in 
lines 320-340 plots a similar st ring of circles from the 
tip of the right wing to the top of the screen, and line 
350 erases this string. The strings of dots and circles are 
erased by plotting a string of blanks over them, using 
the loop in lines 410-430 . 

Add the subroutines shown in Figure 11.20 to the 
rest of the progra m (give n in Figures 11.19 and 11.17), 
a nd run the program. Pressing keys Land R should 
produce the phasers shown in Figure 11.21. 

Figure 11.20 Subroutines for firing phasers. 

200 REI'i F I RE LEFT PHR:3ER 
210 11- '·'-2 
220 FOR '.,1 =', TO (} ~:TEP - 1 I .J/ I 3 
236 GOE;UB 56Ei: PRIt~T II w'!- ,1I,.Jf(f! o.:J i\\ 
240 ~~E;<T 1}~J 0 
256 GO::;UB 4[1121: RETURN 
300 F:Ef'i FIRE RIGHT PHA~:ER 
3H3 U= 1~+2 
320 FOR V:;'t' TO 121 :3TEP - 1 
:;:3l3 
3413 
350 
41313 
4113 
4213 
43'1 
441) 
5~3~3 
51L) 
520 
530 

GOSUB 50~i: PRINT"O" 
flEi<T 
GO~:U;:: 400: RETURfl 
Ral EF:A:,:E PHASER 
FOR './:;·r: TO 8 STEP - 1 
GO::tlB 500 : PR I NT!1 !1 

HEi<T 
F:ETURli 
;;~Et'1 t'iCI"/E TO U.,~,1 
PR I t~T "!:~" j : IF ',/=0 THE l'~ 5:::: ~3 
FOR 1=1 TO V:PR INT : NEXT 
PRUlT TAB(U);: F:ETURN 

READ'i . 

101j :GOTO 3~3 \l 11210 : GOTO 30 
100 :GOTO 30 \....or 
100:(;OTO 30 
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Figure 11.21 la) Phaser produced by pressing key L. 
Ib) Phaser produced by pressing key R. 

Keyboard Buffer 

Run the "plane with phasers" program , a nd press key 
L foll owed quickly by key R. The left phaser should be 
fired, a nd then the right phase r should be fired. 
Although the left phaser had not fini shed firing when 
you pressed the R the Commodore 64/ VIC 20 
remembers that the R has been pressed a nd fi res the 
right phaser after fini shing the left phaser firin g. 

Press the keys L, R, L, R in o rder quickly. Observe 
that the Commodore 64/ VIC 20 remembers all fo ur 
key pressings . 

Press the key combination L, R quick ly/ive times (a 
tota l of ten key presses). Note that the Commodore 
64/ VIC 20 remembers a ll of these a nd fires a tota l of 
ten phasers. 

Now press the key combination L, R quick ly six 
times (a tota l of twelve key presses). Do this fast 
enough that all twelve keys a re pressed before the left 

phaser has fin ished its/irsl firing. You ca n move the 
pla ne to the bottom pa n of the sc reen to give yourse lf 
more time. If you press bo th keys six times before the 
left phaser has fi nished its firs t fi ring, yo u will find tha t 
the Com modo re 64 / VIC 20 appears to have forgo tten 
your last key press. 

The reason for this apparent ly stra nge behavior has 
to do with the keyboa rd buffer tha t was described a t 
the begin ni ng of th is chapte r. T his bu ffer co ntai ns ten 
memory locations which are used to tempora ri ly stOre 
the characters correspo nd ing to the pressed keys unt il 
the GET sta tement can remove them fro m the buffer. 
When we enter L. R six t imes very rapidly (while the 
firs t firi ng is occurring in response to the firs t L) the re 
a re I I key presses to store before a G ET occurs. T hus. 
the last R key press is lost. 

EXE RC ISE II-I 
Modi fy the progra m shown in Figure 7.4 by substi­
tut ing a PRI NT sta tement a nd a GET state ment fo r 
line number 120. The modified program should 
co nti nue as soon as the user presses key Y. 

EXER C ISE 11-2 
Mod ify the interactive d rawing progra m of Figure 
11 .14 so that the cursor may be cha nged in color from 
the keyboa rd . 

EXER C ISE 11-3 
Modify the phaser-firing subrout incs shown in Figure 
11.20 so that only a single "bullet" is fired from each 
wmg. 

EXER C ISE 11-4 
Write a program that will move a gra phic symbol left , 
right , up , o r down using keys A. 0 , W, and X as shown 
in F igure 11.2. Howeve r, instead of moving the 
gra phic symbol only one space fo r each key pressed , let 
the gra phic symbol continue to move in the same 
direction, traci ng out a line, until another key is 
pressed to cha nge its direction. 

EXERC ISE 11-5 
Modify the program in Exercise 11 -4 so that the 
graphic symbol moves across the screen wi thout 
tracing out a line. T he gra phic symbol should cha nge 
direct io n when you press keys A, 0, W, a nd X. 

EXERC ISE 11-6 
Modify the progra m with the "pla ne a nd phasers" so 
the pla ne is pu rple, t he left phaser is ye llow, and the 
right phase r is green. 
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LEARNI 

You have lea rned that numerica l values a re stored in 
memory cells with na mes li ke A a nd B3. Sim ila rly, 
st rings a re stored in memory cells wi th names like A$ 
a nd B3$. Sometimes it is des irable to ident ify a 
collection of memory cells by one name. Such a 
collection of memory cells is ca lled a n array. a nd the 
individual memory cells within the arra y a re identified 
by mea ns of subscripts. 

In this cha pter you will learn: 

J. how to represent arrays in BAS IC 

2. the diffe rence between one-d imensional and 
multi-dimensional arrays 
3. how to use the DIM sta tement 

4. how to use a rrays when plotting ba r graphs 

5. how to so rt data sto red in a one-dimensio nal 
array 

6. how to use the ON .. . GOSU B statement 
7. how to write a n interactive program to display 
three-d imensional Ictters. 

ARRA YS 

You will often encounter data that arc related in some 
way. Fo r exa mple, Table 10. 1 in Chapter 10 lists the 
six New England states and their po pulatio ns. In the 
program in Figure 10.6 we read each state name into 
the memo ry ce ll S$ and each po pulation figure into the 
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memo ry ce ll P. O nly one state name a nd o ne 
population figure we re in these memory cells a t a ny 
one time. We printed the state na me a nd plotted a ba r 
with a length proport ionai lo the populati on. Then we 
read another sta te name a nd po pulation figure into S5 
and P. 

Some programs. howeve r. would req uire that all of 
the Sta te names a nd popula ti ons be sto red in different 
memory cells at the same time. We would therefore 
need twelve memory cells, six for the state names and 
six fort he populations. It is convenient 1O store all the 
state names in an array called SS and all the 
popu lati ons in an array ca lled P. The individual 
memory cells within the array are dis tinguished by 
a subscript I. An individua l element within the array 
is sometimes ca lled a subscrip ted variable for exam­
ple. P( I) or S5(1). The a rrays SS and P a rc shown in 
Figure 12. 1. 

'ate that in BAS IC, subscripts are enclosed in 
parentheses. The va riab le name P(2), for example. is 
the name of the memo ry cell that contai ns the va lue 
5 11 456. You ca n use these subscripted var ia bles in the 
same way as simple variable names. For exa mple, type 
these statements as shown in Figu re 12.2: 

5S(2)="VT" 

?5$(2) 

1'(2)=511456 

'1 1'(2) 



Figure 12.1 (a) The six subscr ipted variables S$(I), 1=0,5 
contain the state names. (b) The six subscripted 
va riables P(I), 1=0,5 contain the sta te population 
fi gures 

5$(0) ME P(O) 993663 

5$(1 ) INH P( 1 ) 737681 

5$(2) IVT P(2) 444732 
f--

5$(3) MA P(3) 5689170 

5$(4) 0 P(4) 3032217 

5$(5) Ri ' P(5) 949723 
-

(0) (b) 

Figure 12.2 Subscripted var iables can be used just like 
simple va riables. 

Although the memory cells SS(2) and P(2) are 
cleme nts of an a rra y. individually they can be treated 
like any other memory ce ll names. 

Having a memory ce ll name contain a subsc ript. 
however. can be very useful. For exam ple. type the 
following two sta teme nts as shown in Figure 12.3: 

FOR 1=0 TO 10: A(I)=2*I : NEXT 

FOR 1=0 TO 10: ?A(I);: NEXT 

The first statement fi ll s each of the eleven memory ce lls 
A( I). 1=0 . 10 wit h the val ue 2* 1. The second stateme nt 
prints these eleven va lues. 

Try changing the fi rst sta tement to FOR 1=0 TO I I : 
A(I)=2 *1 : NEXT. You will obtain the erro r message 
?BAD SUBSCRIPT ERROR . The reaso n for this 
e rror will be exp la ined in the next sect ion. 

The DIM Statement 

Wheneve r a BASIC program first encounters a 
su bscripted varia ble. such as A(3). it automatically 
assigns e leve n memo ry locatio ns to the array. These 
memory locat ions are ass igned the names A(O)-A( I 0) . 

Figure 12.3 Filling the array A(I) with the va lue 2"1. 

If you try to use the name A( II ), as in the example j ust 
given, you get the error message ?BAD SUBSCRIPT 
ERROR because this name is not reserved in the 
computer. 

If yo u want to use an array with more than eleven 
memory cells. you must explicitly define the array with 
a DIM (for D IMension) stateme nt. For example, to 
assign six teen memory cells to the array B you would 
type DIM B(I5). You could then use the sixteen 
memory ce ll s B(O)-B( 15). The constant 15 in this DI M 
statement defines the upper subscript li mit of the 
a rray. (The upper limit can also be a variable or an 
ex pression.) The lowe r subsc ript limit is always 
assumed to be zero. 

You ca n define more than one array with a sin­
gle DIM sta tement. For exa mple. you can write 
DIM B(15),A(3),C(24) to define three arrays con­
taining sixteen. fo ur. and twenty-five memory cells, 
respectively. 

Altho ugh it is not necessary to usea DIM statement 
when the array co ntains e leven or fewer memory cells, 
it is usua lly a good idea to use o ne. The DIM statement 
gives you a convenient place to define what the array 
means (by following the DI M statement with a REM 
stateme nt). In add ition. if you need fewer than e leven 
memory cells in an array, the DI M statement wi ll save 
memory by reserving only the number you define. This 
saving is bigger than it may appear, because the 
Commodore 64/ VIC 20 uses five bytes of memory for 
each numerica l memory cell. 

There is another way to save a conside ra ble amou nt 
of memory when using a large array that conta ins only 
imegers(whole numbers). If you add a perce nt sign, %, 
to a n a rray name, the Commodore 64/ V IC 20 will 
consider all a rray c lements to be integers a nd will use 
only lH10 bytes of memory (rather than five) to sto re 
each integer element. For example DIM C%(99) 
would defin e an integer array conta ining 100 elements 
and wou ld save 300 b ytes of memory whe n executing 
the program. You would, of course, use the sub-
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scripted va riable C%(I) in the progra m . Rese rving 
more memory locat io ns than you use in the program 
will not ca use problems; it will simply use extra 
memory. 

The D IM statement may occur a nywhere in the 
program, but it must occur beJore you refer to the 
correspond ing subscripted variab le. An array can be 
dimensioned on ly once in a program. If you try to 
dimension it more than once you will obtain the erro r 
message ?REDIM'D AR R AY ERROR . Remember 
tha t if a subscripted variable such as A(3) is encou n­
tered beJore a DIM sta tement has been executed , the 
Commodore 64/ VI C 20 wi ll au tomatically d imension 
the array equivalent to DIM A( IO). If it then 
encounters a DIM statement for A, the above error 
message will be displayed. 

For examp le, try typing FOR 1=0 TO II: A(I)=2*1: 
NEXT. If you have not dimensioned the array A, you 
will obtain the e rror message ?BAD SUBSCRIPT 
ERROR as shown in Figure 12.4. The problem , of 
course, is that you tried to refer to A( II ), a nd the 
Commodore 64/ V IC 20 has automatically dimen­
sioned the array as A( I 0). But if you try to co rrect this 
by typing DIM A(II) you wi ll obtain the error 
message ?REDIM'D ARRA Y ERROR as shown in 
Figure 12.4 , because the a rray is alread y dimensioned . 
To correct this , type CLR as shown in Figure 12.4. 
This clears, or reinitia lizes, the sys tem va riables a nd 
has the effect of wiping out a ny dimensioning 
information. You can then type the fo ll owing state­
ments without errors, as shown in Figure 12.4: 

DIM A( II) 

FOR 1=0 TO II: A(I)=2*1: NEXT 

FOR 1=0 TO 11: ?A(I);: NEXT 

Figure 12.4 Examples of using the DIM and CLR 
statements. 

FOR 1=8 TO 11 , A(I)=2*1, NEXT 
?BA~ SUBSCRIPT ERROR 
REA~Y. 
DIM A(U) 

?REDIM'D ARRAY ERROR 
READY . 
ClR 

READY. 
DIll A(11) 

EADY. 
FOR 1=8 TO 11 , A(I)=2*1, NEXT 

READY . 
FOR 1=0 TO 11 , ?A(I);, NEXT 

II 2 4 6 8 18 12 14 16 18 28 
2 

REA DY. 
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The max imum number of e leme nts in an array will 
be limited by the amo unt of memory in your Commo­
d ore 64 / VIC 20. If the total amount of memory used 
by your program , var iab les. and arrays exceeds the 
amount of memory in yo ur Commodore 64/ V IC 20, 
you wi ll obtain the e rror message ?OUT OF MEM­
ORY ERROR. 

Any time you wa nt to know how many bytes offree 
memory you have left, type ?FRE(I). (Numbers ove r 
32768. which a re poss ible on the Com modore 64, 
a ppea r a s negative values. To get the co rresponding 
positi ve va lue, add 65536.) For exam ple, Figure 12.5 
shows that a n a rray conta ining 100 elements uses 507 
bytes of memory (five fo r each o f the 100 elements 
in the array and seve n for a n a rray header). Befo re 
the D IM A(99) sta tement , there a re 65536-26627= 
38909 bytes fre e a nd after there are 65536- 27 134= 
38402 bytes free so 38909-38402=507 bytes have been 
used up . 

Figure 12.5 The statement ?FRE(1 ) wil l print the 
number of free bytes of memory left. 

M ulti-dimensional Arrays 

An ar ray that contains a single subsc ript is called a 
one-dimensional array. An a rray that contains more 
than o ne subscript is called a multi-dimensional array. 
For example, the 01 M statement DIM A(2,3) defines 
a two-dimensio nal array conta ining twelve elements. 
It ca n be thought of as a two-d imensional matrix 
con tai ning three rows a nd four columns as shown in 
Figure 12.6. In the a rray A( I,J), the first subscript , I, is 
the row number a nd the second subscript , J , is the 
colum n number. Thus, for example, in Figure 12.6 the 
value of A( I ,2) is 8 and the value of A(2,1) is 12. 

A three dimensio na l a rray containing a total of 
7X9X3 = 189 elements ca n be defined by the DIM 
statement DIM F(6,8,2). Examples of using two- and 
three-dimensiona l arrays in a program wi ll be given in 



Chapters 13 a nd 14. In the remainder of this cha pter 
we wi ll write some programs using one-dimensional 
arrays. 

Figure 12.6 The array AI I,I) conta ining twe lve 
elements. 

J 

o 2 3 

o 11 7 0 13 

3 15 8 4 

2 5 12 9 1 

BAR GRAPHS USING ARRAYS 

The program shown in Figure 10.5 plots four bars of 
lengths 12 , 2 1, 5, a nd 17. Review that program a nd 
make sure you understand how it works. Line 400 
plo ts a ba r oflengt h L us ing the graphic symbol GS. In 
this section we wi ll mod ify this program to plo t ba rs of 
the same lengths, using a different g raphic symbol fo r 
each bar. 

The modified program and its executio n afC shown 
in Figure 12.7. Line 15 is a new DATA sta temen t tha t 
conta ins the fo ur graphic symbo ls that will be used fo r 
the four bars. Line 25 is the D IM statement 25 DIM 
GS(4),L(4). This statement defines an array GS( I) tha t 
will contai n the fo ur gra phic symbols and a n array L(I) 
that wi ll conta in the fo ur lengt hs. Alth o ugh this D IM 
stateme nt dcfinesJive elements for each array, we will 
use only the elements GS( I)-G S(4) a nd L(I)-L(4) and 
igno re GS(O) and L(O). 

Figure 12.7 Bar grap h exam ple using arrays. 

Line 30 reads the four g rap hic sym bols in the 
DATA statement on line 15 into the four subscripted 
variables GS( I )-G$(4). Line 40 reads the four values 
12,2 1,5, and 17 from line 20 in to the fou r subscripted 
var iables L( I )-L( 4) respecti ve ly. 

T he loop defined by lines 50-70 plots the four ba rs. 
Each t ime through the loop, a new length L(J ) and a 
new gra phic sym bol GS(J ) areassigned to Land GS to 
be plaited by line 400. Note how the subscript J is 
incremented from I to 4 by successive passes thro ugh 
the loop. Also note that the subscrip ted va riables L(J) 
a nd GS(J ) and the simple variab les Land GS are not 
confused by the Com modore 64/ VIC 20 and are 
treated as sepa rate memory cells. 

The four bars in Figure 12.7 ca n be p laited adjacent 
to each other by elim inating one of the PR INT 
sta tements in li ne 400, as shown in Figure 12.8. 

Suppose you would like to plot the ba rs shown in 
Figure 12.8 in o rder of increasing length - that is, the 
shortest bar first, the next-la-shortest seco nd, and so 
o n. Yo u can do this if yo u rearrange the array L(I) so 
that the elements are in increasing, o r ascending. 
o rder. One sim ple method of sorting a n array In 

asce nding o rder will now be described. 

Figure 12.8 Ploll in g the bars adjacent to each other. 

Sorting an Array in Ascending Order 

Ma ny algorithms have been devised for so rting a n 
array of elements in ascending o rder. Some are more 
effic ient than ot hers, that is, they are executed fas ter. 
Some (not necessa rily the same o nes) a re easier to 
understand than others. The method of so rting the 
arra y L illust rated in Figure 12.9 is fa irly easy to 
understand (but not very efficient). 

The method begins by comparing the first element 
in the a rray (1= I) with all succeeding elements. 
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Figure 12.9 Sorting an array by moving the smallest 
succeeding value to location I, 1=1 to N - 1 (N = 
number of elements in array) . 

1=1 1=2 1=3 

L(l ) 
12J 

5 5 5 

L(2) 25 
25J 12J 

7 

L(3) 5 12 25 25 J 
L(4) 7 7 7 12 

Whenever a succeeding element is found to be smaller 
than the first element, it is interchanged with the first 
element. Thus, after the first element (whose value 
may have changed a few times) is compa red with all 
succeeding values, we will have moved the smallesl 
value to the first position in the array. 

If we repeat this procedure starting with the second 
element (1=2), then after comparing the second 
element with all succeeding elements a nd inter­
changing the values if a ny succeeding element is 
smaller than the second one, the next-to-smallest value 
will be in the second position in the array. 

This process continues until we have compared the 
next-to-last e lement with the last element in the array. 
At this point the array is sorted in ascending order as 
shown in Figure 12.9. The algor ithm fo r this proce­
dure is shown in pseudocode in Figure 12. 10. Compa re 
Figures 12.9 a nd 12. 10 and ma ke sure you understa nd 
how this sorting algorithm works. 

The algorithm shown in Figure 12.10 loo ks fairly 
easy to write in BASIC. The only problem is how to 
interchange the contents of L(I) and L(J ). Note that 
the two statements 

L(I)=L(J) 

L(J)= L(I) 

will not work because the origina l value in L(I) will be 
destroyed when the value of L(J) is put in L(I) in the 
first statement. This means that the second sta tement 
will really be assigning the value in L(J) to itself, and 
L(I) and L(J ) will have the same value. It requires Ihree 

figure 12.10 Pseudocode representation of sorting 
algorithm shown in Figure 12.9. 

for 1=1 TO N-1 

nextl 
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for J = I+ 1 TO N 

nextJ 

if L(I) < = L(J) 
then do nothing 
else interchange L(I) and L(J) 

Array 
sorted 

5 

7 

12 

25 

sta tements to intercha nge the values of L(I) a nd L(J ), 
as shown in Figure 12. 11. 

Figure 12.11 Three statements are required to 
interchange L(1) and 0). 

L(I)=L(J)}Wili n OI interchange L(I) and L(J) 
L(J)= L(I) 

T=L(I) } 
L(J)= L(J) IV ill intercha nge L(I ) a nd L(J ) 

L(J)=T 

The va lue in L(I) must be stored temporaril y in 
another memory cell T before the value in L(J) is put in 
L( I). Then the value in T (fo rmerly in L(I» can be put 
in L(J ). 

The so rting algorith m shown in Fig ure 12. 10 is 
wrillen as a BASI C subro utine in Figure 12. 12. Line 
2040 intercha nges the va lues in L( I) a nd L(J) . Add this 
subroutine to the program shown in Figure 12.8. 

Figure 12.12 BASI C subroutine to sort a rray L(I) 
containing N elements in ascending order. 

2000 REt·, SORT L ( I ) 
212110 FOR 1=1 TO H-l 
2020 FOI<: .1=1+1 TO rl 
2030 IF L( [) (=UJ ) THEH 212150 
2040 T=L (I ) : L ( I ) =L C.1 ): L ( J ) =T 
2050 1·IEi<T.1 : rlEXTI 
2060 RETURrl 

REAII'1' • 

Then add the sta tement 4S N= 4: GOSUB 2000: 
REM SORT L(I) to the ma in progra m as shown in 
Figure 12.13. The result o f running this program is 
also shown in Figure 12. 13. Line 45 sets the number o f 
elements in the array L t0 4 and then sorts this array by 
calling the subroutine shown in Figure 12. 12. 

If you compare Figure 12. 13 with Figure 12.8 you 
will no tice that the fo ur g ra phic symbols arc plo lted in 
the sa me rela tive orde r. Tha t is, they did no t get sorted 
as the data did. H owever, it probably makes more 



18 REM BAR GRAPH EXAMPLE 
5 DATA .. ~" ",",IIO","1a !" 
8 DATA 12,~1/5,17 
5 DIM G$(4) L(4) 
o fOR 1=1 T6 4:REftD G$(I):"EXT 

48 fOR 1=1 TO 4:REftD L(I):"EXT 
45 N=4:GOSUB 2000:REM SORT L(I) 
o fOR J=1 TO 4 o L=L(J):G$=6$(J):60SUB 400 
o NEXTJ 
o ENI> 

400 fOR 1=1 TO L:PRI"T 6$;:"EXT:PRINT:R 
TURN 

EADY. 
UN . ~-: . 

.... i ....... 
OOOOOOOOOOOOODOOO 

READY. 

Figure 12.13 Plott ing bar graph s in ascending order 
using the subroutine in Figure 12.11. 

sense to associate a particu la r grap hic sym bol with a 
particu lar data va lue (such as inOat ion. growth. etc.) 
so that if the data is rearranged (sorled). the 
corresponding graphic symbols will also be rear­
ranged. We can do this by adding the statement 2045 
TS= GS(I): GS(I)= GS(J): GS(J)=TS 10 the subro utine 
given in Figure 12.12 as shown in Figure 12.14. Th is 
statement will cause G$( I) and G$(J) to be illler­
changed each time L(I) and L(J) are interchanged. 
This wi ll ca use a given data va lue to "keep" it s 
parlicular gra phic symbol a s shown in Figure 12.15. 

Figure 12.14 So rting subrout ine that interchanges 
G$(I ) and G$(I) each time L( I) and L(I) are 
interchanged. 

20013 REt-1 SOF:T l( n 
2010 FOF.: 1=1 TO H-l 
202., FOR .J= I + 1 TD H 
2030 IF LCI )(=L ( J ) THEN 2050 
2040 T=L ( 1 ) :L C1)=L CJ ): L CJ)=T 
2045 U=G;I:(l): G$( 0·=13$ ( . .1> : G$<'J) =1'$ 
2050 NEXTJ : NEXT1 
2060 F.:ETURrl 

READ'r . 

Sorting an Array in Descending Order 

The subroutine in Figure 12.14 can eas ily be modified 
to son the array L( I) in descending order rather than 
ascending ord er by changing line 2030 10 2030 IF 
L(I»=L(J) THEN 2050 as shown in Figu re 12. 16. 
Running the main program with this subroutine wi ll 
produce the result shown in Figure 12.17. 

THE ON .. . GOSUB STATEMENT 

Sometimes it is co nvenient to be a b le to branch to one 
of severa l possible subroutines. depending upon the 

Figure 12.15 Ploning ba r graphs using the subroutine 
in Figure 12.14. 

Figure 12.16 Subroutine to sort array L( I) contain ing N 
elemen ts in descending order. 

20£10 REt'1 :30F.:T L( I ;' 
2010 FOR 1=1 TO N-1 
2020 FOR J=1+l TO N 
2030 IF L ( I ) )=L ( J ) THE~{ 2~151j 
2040 T=L.< I ) : L( I ) =L(.J;' : L(.J) =T 
2£145 T$=G$ ( I) :C;$ ( I)=G:t (] ) : O$(J)=T:f 
2050 rlEi'.T J : rIE:~T I 
206£1 RETURrl 

F:ERDY. 

Figure 12.17 Plott ing bar graphs in descending order 
using the subrou tine in Figure 12.16. 

value of some index var iable I. This can be done by 
using the ON ... GOSUB statement. As an example, 
if the statement 30 ON I GOSUB 100,200,300 is 
executed. then if 1= I. the program branches to the 
subrouti ne at line 100; if 1=2. the program branches 
to the sub routine at line 200; if 1= 3, the pro-
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gram branches to the subroutine at line 300; if I is any 
other value ( it must be between 0 and 255). then no 
branch occurs and the stat ement fo ll owing on the 

O N ... GOSUB sta tement is executed . Each subroutine 
must end wit h a R ETURN sta tement. When one of 
these RETURN sta tements is executed. the program 
will branch back to the statement following the 
ON ... GOSUB statement. 

The index I in the ON ... GOSUB statement just 
shown can be any variable or ex pression with a value 
in the range 0-255 . There ca n be any numbe r of 
subroutine line numbers following GOS U B. as lo ng as 
the entire sta tement fit s o n four scree n lines o n the VIC 
20 or two screen lines on t he Commodore 64. The 
ON ... GOSU B statement branches to the subroutine at 
the line number whose posit ion followin g the word 
GOSUB correspo nds to the value of the index I. The 
use of the ON ... GOSUB sta tement is illust ra ted in the 
next exam ple. 

Displaying 3-0 Letters 

In C hapter 9 you learned how to make 3-D letters. The 
main program shown in Figure 9.27 displays the 3-D 
name J EFF. It uses the grap hic primitives shown in 
Figure 9. 15 a nd the subroutines shown in F igures 9 .1 8. 
9.2 1. 9.24.a nd 9.26. For the program in th is section we 
wi ll a dd the two subrout ines shown in Figures 12. 18 
and 12. 19 for disp laying a 3-D P and a 3-D T. 
respect ive ly (see Exercise 9-2). 

We will rewrite the mai n program starting at line 
1000 to do the following: 

1. Display the message ENTER J, F, E, P, OR T:, 

2. Display the 3-D letter corresponding to the key 
pressed. 

3. Display the message DO YOU WISH TO 
ENTER ANOTHER LETTER? a nd repeat steps 
1- 3 if key Y is pressed . 

figure 12.18 Subroutine to display 3-D P. 

600 REt·, 3-D P 

The bas ic strategy of the program will be to use 
the ON ... GOSUB statement. T he su broutines to 
display the 3-D letters are located at the fo ll owing 
line numbers: 

Line Number 

100 
200 
300 
600 
700 

SubroU[;ne 

Display 3-D J 
Display 3-D F 
Display 3-D E 
Display 3-D P 
Display 3-D T 

Shown in 
Figure 

9.18 
9.21 
9.24 

12.18 
12.19 

T he refo re . the sta tement ON I GOSUB 100,200 ,300, 
600,700 will cause a J , F, E, P, o r T to be disp layed 
depending upon whether I is eq ual to 1.2.3,4, or 5. We 
need so me way of making the va lue o f I ( 1-5) 
corres pond to the key pressed (J , F , E, P, o r T) whose 
va lue is stored in a string va riable AS. 

To acco mplish th is we wi ll store all possib le letters 
in a n a rray BS( I) usi ng the two sta teme nts: 

1020 DATA J , F, E, P, T 

1030 FOR 1=1 TO 5: READ 8S(I): NEXT 

This will resu lt in the a rray shown in Figu re 12.20. 
Note that the value of the subscript I is the va lue 
needed in the ON ... GOSU B stateme nt to cause 
a bra nch to the proper subroutine (for examp le, 1=4 
co rres po nds to P and will cause a branch to line 600). 

The next prob lem is how to determine which index 
val ue I corresponds to the le lter stored in A$ (the key 
pressed). This can be done by comparing AS wi th 85(1) 
as I increases from I to 5. When a match occurs, the 

Figure 12.20 The va lue of the subscript 1 iden tifies a 
par ti cular le tte r. 

8$(1) 

8$(2) 

8$(3) 

8$(4) 

8$(5) 

8$(1) 

J 

F 

E 

p 

T 

1 

2 

3 

4 

5 

610 GOSUB 200: PR nn ". 1 II II II ,.J:< !!"; B2$ ; : GOSUB 220 
620 RETURrt 

READ· ... 

Figure 12.19 Subrout ine to disp lay 3-D T. 

700 REt·, E-D T 
710 PRINT D5$ ; B5$; C4$.: B5$; E4$; B4$ .: 
720 FOR 1=1 TO 7 :PRINT AU ; C1$ ; B2$; "11" .: : NEXT: PRINT Al$; E1$; 
730 RETURN 

READ· ... 
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value of I is the one to use in the ON ... GOSUB state­
ment. In pseudocode the match can be found as follows: 

1= 1 

do unli/ AS=BS(I) or 1> 5 
1=1+1 

enddo 

In other words we simply increme nt I by one until 
there isa match between AS and BS(I) or until we have 
go ne through the entire list without a match. (This 
would occur if yo u pressed a key other than J . F. E, P, 
or T.) This algorithm ca n be written in BASIC as 
fo ll ows: 

1050 1= I 

1060 IF AS=BS(I) OR 1>5 THEN 1075 

10701=1+1: GOTO 1060 

1075 -------

Note that for this algorithm to work. the array B$(I) 
must be dimensioned to at least B5(6) because I wi ll 
equal 6 if no match is found. 

The entire main program for displaying a 3-D letter 
is shown in Figure 12.2 1. Line 1005 clears the screen. 
Line 10 I 0 dimensio ns the a rray BS(I). Lines 1020-1030 
fill the ar ray BS(!) as shown in Figure 12.20. Line 1040 
displays the message ENTER J, F, E, P, OR T:. Line 
1045 branches to a subroutine at line 800 that will 
produce a blinking cursor and wait for a letter to be 
entered. This subroutine uses the GET statement and 
is shown in Figure 12.22. Compa re Figure 12.22 with 
lines 20-35 in Figure 11 .11. The use of the subroutine 
in Figure 12.22 instead of the IN PUT statement in 
Figure 12.21 will make it unnecessary to press the 
RETU RN key after pressing the letter to be displayed. 

Figure 12.21 Main program to display 3-D letters. 

1130121 REI1 LETTER DISF'LAY PF:OCiRAPI 
1005 PRINT":,]" 
1010 DHl B$(6) 
112120 DATA J,F,E,P,T 
1121313 FOR 1=1 TO 5 : READ B$(I ):NEXT 
1134121 PR IIH "ENTER J, F , E, p, OR T:" 
1045 GOSUB 80121: REI'1 GET R$ 
105121 1=1 
11368 IF A$=B$(I) OR 1)5 THEN 11375 
11217121 1= I+l :GOTO 112168 
1075 PRINT : PRHn 
112188 ON I GOSUB 113121,2121121,300,6121121,70121 
112185 PRHn : PRHn"~" 
Hi90 PR I NT "DO YOU VII SH TO ENTER ANOTHER 
112195 GOSUB 800: RErl GET A$ 
11121121 IF A$= "'~" THEN PRINT : GOTO 11214121 
1213121 E~ID 

READ·~. 

Figure 12.22 Subrouti ne to GET A$ from a blinking 
cursor. 

8121(;1 RErl GET A$ FROI'1 ELI NK Hm CURSOR 
8 113 PRHn "~ !!!III"; : FOR 1=1 TO 213121: flEXT 
82121 GET A$ : IF A$(( .,,' THE~l 84121 
83121 PRIIH" .. ";: FOR 1=1 TO 21210 : NE:~T : GOTO 81121 
840 : PR Hn A$; "II" ; : RETURN 

F~EAD'~ • 

Lines 1050-1070 in Figure 12.21 determine the value 
of I corresponding to the key pressed . Line 1075 moves 
the cursor to the beginning of the next line and then 
skips a line. Line 1080 is the ON",GOSUB statement 
that will branch to the appropriate subroutine to 
disp lay the 3-D letter. After the 3-D letter has been 
displayed. or if a key other than J. F. E. p. or T has 
been pressed (resulting in a value of 1=6 in line 1080). 
line 1085 will be executed. Line 1085 moves the cursor 
to the beginning of the next line and down four lines. 
(The cursor goes to different locations for the different 
3-D letters.) Line 1090 prints the message DO YOU 
WISH TO ENTER ANOTHER LETTER? and line 
1095 waits for a key to be pressed by ca lling the 
blinking cursor subroutine at line 800. If key Y is 
pressed, line 1100 will cause the program to branch 
back to line 1040. The PR INT statement in line 1100 is 
required so that the message in line 1040 will begin at 
the beginning ofthe next line. (Otherwise, it will begin 
at the location of the blinking cursor where the Y had 
been printed in line 840.) If any key o ther than Y is 
pressed in line 1095. the program ends at line 1200. 

You can enter this program by typing in the 
statements shown in Figures 9.15, 9,18 , 9.21. 9.24, 
9.26, 12.18. 12.19. 12.22. and 12.21. A sample run of 
the program is shown in Figure 12.23 , 

LETTER? " . 
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Figure 12.23 Sample run of 3-D letter display program. 

EXERCISE 12-1 
Write a program that: 

a. stores the names and populations of the six New 
England states in the arrays S$(I) and P(I) as shown 
in Figure 12.1 

b. plots a bar graph of the populations using a 
different graphic symbol for each state 

c. sorts the populations in ascending order 

d. plots a second bar graph (after pressing key S) 
with the populations in ascending order. 

EXERCISE 12-2 
Write a program that: 

a . stores N test scores in DATA statements, with 
the value of N stored as the first entry of the first 
data statement 

b. reads the test scores into an array S( I) 

c. computes and prints out the average of the N test 
scores. 

EXERCISE 12-3 
If A V is the average of the N test scores stored in the 
array S(I), then the standard deviation is defined as 

N 
SO = J J.­

N 
1: (S(I) - A V)' 
1=1 

N 

where the notation L 
1= 1 

mea ns the sum from 1= 1 

to N. Modify the program in Exercise 12-210compute 
and prim out the standard deviation of the test scores. 
Run the program for the following test scores: 
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Test Scores 
75 36 60 92 80 72 68 48 
65 82 88 72 76 85 72 98 
48 57 73 66 76 88 73 82 
44 90 70 56 81 75 87 90 

EXERCISE 12-4 
The weights of a group of males and females are shown 
below. Write a program that will compute and print 
out the averages and standard deviations of the two 
groups of weights. Modify the program to compute 
and print the average and standard deviation of all 
weights (both male and female) (see Exercise 12-3). 

Male Female 

200 138 103 
185 205 105 
185 159 112 
125 230 102 
140 150 160 
195 140 120 
190 170 11 5 
155 145 130 
185 169 140 
140 215 118 

EXERCISE 12-5 
A person makes the following monthly deposits in a 
savings account paying 5% interest. compounded 
monthly. 

Month 2 3 4 5 6 7 8 9 10 II 12 

Deposit 

(dollars) 25 20 30 15 25 40 20 30 35 35 35 25 

The identica l pattern of deposits is repeated for a 
second and a third year. Write a program that will 
compute the amount of money the person has 
deposited and the total amount in the account at the 
end of 6, 12, 18, 24,30, and 36 months. Read in the 
monthly deposits as an array 0(1). (Note: If R is the 
annual interest rate, and it is compounded monthly, 
then each month the added interest is equal to R/ 12 
times the amount in the account.) 

EXERC ISE 12-6 
The polynomial: 

P(x) = al X4 + a 2x 3 + a 3x 2 + ~x + as 

ca n be written in the following nested form: 

P(x) = as + x(a, + x(a, + x(a, + x(a,»))) 



If the coefficients a, a re stored as subscripted variables 
A(I), then the polynomial P can be evaluated, using 
the nested form, by the algorithm: 

P = A(I) 

Jor 1=2 to 5 
P = A(I) + X • P 

next I 

Write a program that will use a similar nesting 
algorithm to evaluate the polynomial 

P(x) = 3x' + 4x' - 2x' + 5x - 7 

for values of x between -2 and + 2 in steps of 0.2. Print 
out a table of x and P(x). Make your program general 
so that the coefficients a re stored in DATA statements 
and the program can handle a polynomial of any 
order. 
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$$$W 
LEARN 

RIG 

You have learned earlier in th is book that memory 
cells wi th names like AS and C3S contain strings. The 
dollar sign , S, is used in BASIC to identify string­
related names . CBM BASIC has a number of special 
functions that make it easy for you to manipulate 
strings. Learning how to use these functions will 
permit you to write many interesting programs. In th is 
chapter you will learn: 

1. to use the string functions LEFTS, RIG HTS, 
MIDS, and LEN 

2. to use the numeric / string functions STR$ and 
VAL 

3. to use the ASC II code functions ASC and 
CHRS 

4. how to display dollars and cents on the screen 

5. how to write a program to shuffle and display a 
deck of playing cards 

6. how to write a program to deal a hand of playi ng 
cards. 

THE STRING FUNCTIONS LEFTS, 
RIGHTS, MIDS, AND LEN 

The string func tions LEFTS, R IGHTS,a nd MIDSare 
used to extract some portion of a string. The function 
LEN is used to determine the length of a string. 
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LEFT$ 

The function LEFTS(AS,I) is a string that contains the 
left-most I characters of the string AS. For example, if 
AS;"ABCDE", then LEFTS(AS,2) will be the string 
"AB". To verify this, type these statements, as shown 
in Figure 13. 1: 

AS; "ABCDE" 

?LEFTS(AS,2) 

RIGHTS 

The function RIGHTS(AS,I) is a string that con­
tains the right-most I characters of the string AS. 
For example, if AS;"A BCDE". then RIGHTS(AS,2) 
will be the str ing "DE". To verify thi s type 
?RIGHTS(AS,2) as shown in Figure 13.1. 

MIDS 

The fu nct ion MIDS(AS,I,J) is a string tha t contains 
the J cha racters of AS that start at position I (t he first 
character of AS is posi tion I). For example. if 
AS;"ABCDE", then MID$(AS,3,2) will be the string 
"CD". To verify this. type ?MIDS(AS,3,2) as shown in ' 
Figure 13. 1. 



The function MIDS can also be written with only 
two arguments. I n this case MIDS(AS,I) is a str ing that 
co ntains the characters of AS starting at position I and 
continu ing to the end of the stri ng A$. Forexample, if 
A$="ABCDE". then MID$(AS,2) will be the string 
"BCDE". To ver ify this, type ?MIDS(AS,2) as shown 
in Figure 13. 1. Note carefu lly the difference between 
MIDS(AS,2) and RIGHTS(AS,2). The fonner is a 
string containing the right-most cha racters starting at 
position 2 of AS, whi le the latter is a string containi ng 
the right-most two characters of AS. 

Figure 13.1 Examples of using the string functions 
LEFT$, RIGHT$, MID$, and LEN. 

LEN 

The function LEN(AS) is equal to the length of the 
string AS. It is a numerical value, not a string. For 
example, lf AS="ABCDE", then the value o f LEN(A$) 
is 5. To verify this , type ?LEN(A$) as shown in Fig­
ure 13. 1. 

THE NUMERIC/STRING FUNCTIONS 
VAL AND STRS 

It is important to understand the difference between 
a numerical value such as 456 and the st ring "456 ". It 
is like the diffe re nce between BOSTON and 
"BOSTON". BOSTON is a city in Massachusetts; 
" BOSTON" is a six-letter word that is the name of the 
city. Similarly, 456 is a number that you ca n add to 

other numbers. "456" is j ust the three characters 4,5, 
and 6. Sometimes you will need to convert a string like 
"456" to its corresponding numerical va lue 456. The 
function VAL will do this. You may also need to 
convert a numerica l value such as 456 to its corre­
sponding string "456". The funct io n STR$ will do this. 

VAL 

T he func tion VAL(A$) is eq ual to the numerical 
eq ui valent of the str ing A$. If A$ does not have a 
numerica l eq uiva lent, then V AL(AS) is eq ual to zero. 

As an example of using the V A L function , clear the 
screen and type these statements, as shown in Fig­
ure 13.2. 

A$="456" 

?AS 

?V AL(AS) 

Note that? AS prints the string 456 starting in column 
0, while ?V AL(A$) prints the number 456 with the 
usual leading bla nk . 

$="4 6" 

EADY , 
_AS 
56 

READY. 
_UAL<AS) 
456 

EADY. 
_ UAL< AS)+ 18 
466 

EADY. 
_ASH8 

_TYPE "I SnATCH ERROR 
EADY. 

_UAL<""") 
8 

EADY. 

Figure 13.2 Examples of using the numeric/string 
funct ion VAL. 

In order to clarify the difference between VAL(A$) 
a nd AS, type these statements, as shown in Figure 
13.2: 

?V AL(AS)+ 10 

?AHIO 

Note that the number VAL(AS) ca n be added to 10, 
whereas trying to add the string AS to the number 10 
will produce the error message ?TYPE MISMATCH 
ERROR. Finally, type?V AL("K") as shown in Figure 
13.2. This shows that the value of the function VAL is 
ze ro if the string does not have a numerical eq uivalent. 

STRS 

The function STR$(A) is the equivalent of the 
numerical value A. As an example of using the STRS 
function , clear the screen and type these statements, as 
shown in Figure 13.3: 
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A=456 

?A 

?STRS(A) 

Note tha t both print stateme nts print the number 456 
with the leadi ng blan k. This means that the string 
STR$(A) actua lly contains the leading blank; it is the 
string" 456". To veri fy this type ?LEN(STRS(A)) as 
shown in Figure 13.3. This shows tha t STR$(A) rea lly 
does contain fou r characters (blank. 4, 5, and 6). 

A;4S6 
READY . 
. A 
456 

[RDY . 
. STRS(R) 
456 

EflDY . 
. lEN(STRS(R» 
4 

ERDY. 
_"$II+STR$(ft)+II.B8" 

456.88 

EflDY . 
. "S"+"IDS(STRS(R) 2)+".88" 
456.88 ' 

RERDY. 

Figure 13.3 Exa mples of using the numeric/ string 
fu nction STR$. 

S tri ngs ca n be put together (concatenated) to 
form lo n ge r s tri ngs. Fo r exam pl e . t ype 
?"$"+STRS(A)+".OO" as shown in Figure 13.3. The 
strings "S". " 456". and ".00" fo rm the string 
"$ 456.00". 

Suppose you wanted the total string to look like 
"S456.00" without a blank between the dollar sign and 
the firs t digit. You want to incl ude all but the first 
character in the stri ng STR$(A). Try typ ing 
?"S"+MIDS(STRS(A),2)+".OO" as shown in Figu re 
13.3. Do you see how it works? Remember that 
MIDS(STRS(A),2) is the string co nta ining all of the 
characters in STRS(A) afte r the first (that is, s tarting 
a t positio n 2). We will again look at how to disp lay 
dollars and cents later in this cha pter. 

T he functions STRS and VAL are rec iproca l 
fun ct ions beca use they sa tisfy the following re lations: 

st ring = STR$(VAL(string)) 

value = V A L(STRS(va lue)) 

Ve rify this by typing the fo ll owing statements. as 
shown in Figure 13.4: 

?STRS(V Al("246")) 

?V AL(STRS(246)) 
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Figure 13.4 STR$ and VAL are reciprocal functions. 

THE ASCII CODE FUNCTIONS ASC 
AND CHRS 

ASC II stands for "American Standard Code for 
In fo rmation Interchange. " In this standard code a 
certai n number is associated with each character 
(letter. dig it. or special character). This code is used 
extensively thro ughout the computer indust ry fo r 
send ing information from one computer to another 
and for sending data between terminals and com­
puters. The Commodore 64/ VIC 20 has specia l 
graphic symbo ls as we ll as special cursor and color 
keys that are not pa rt of the ASC II sta nda rd . 
Therefore. the Commodore 64/ VIC 20 uses an 
enha nced ASCII code to represent all of its characters 
and special functions. The Commodo re 64/ VIC 20 
function ASC can be used to find the ASC II number 
associa ted with any character. a nd the function C H RS 
can be used to find the character associated wi th any 
ASC II number. 

ASC 

The function ASqAS) is equal to the ASC II code of 
the first character in the st ring AS. To find some 
ASC II codes, clear the screen and type these state­
ments, as shown in Figure 13.5: 

?ASq"A") 
? ASq"S H I FT s'') 
?ASq"ABC") 
? ASq" HOM E") 
? ASq"7") 

Letters, graphic sym bols. digits. and specia l fu nction 
keys a ll have ASCII numbers. Note that the ASC II 



Figure 13.5 Examp les of ASC II codes of some 
characters. 

number for a digit is different from the dig it itse lf (for 
example, 55 is the ASC II code for 7). Also note that 
the funct ion ASq"ABC") is the ASCII code of the 
first cha racter, A, in the st ring "ABC". 

If you want to see what some other ASC II numbers 
are, try typing this two-line program: 

30 GET A$: IF AS= "" THEN 30 

40 ?AS ; ASC(A$); SPC(2);: GOTO 30 

This program will print any character you type 
fo llowed by its ASCII code. A sample run is shown in 
Figure 13.6. The ASC II codes for all of the characte rs 
are given in Appendix B. 

Figure 13.6 Program to find the ASCII codes of each 
key pressed. 

CHRS 

If you know the ASCII code of a characte r you can 
generate the string of that character using the function 
CHR$(A) where A is the ASCII code of the character. 

Using the results in Figure 13.5 , try typing the 
following statements, as shown in Figure 13.7: 

?CHRS(65) 

?CHRS(21I) 

?CHRS(55) 

Now type ?CHR$(I9). The cu rso r moves HOME. a 
line is skipped (because the PRI NT statement does not 
end with a sem icolon), and then the R EADY message 
is printed. Thus. the function C H R$ can be used in a 
program to produce cursor movements eq uivalent to 

including cursor keystrokes withi n a string. The 
ASC II codes and CH R$ function s associated with the 
various cursor movements. co lor keys. and reverse 
video functions a re given in Appendix B. 

Figure 13.7 Examples of printing cha racters using their 
ASCI I codes. 

PRINTING DOLLARS AND CENTS 

Lots of practical programs involve money and require 
you to display do llars and ce nts o n the screen. This is 
not so easy as it may seem. First of a ll , if yo u compute 
some monetary value such as interest on a savings 
account , you wi ll want to round to the nearest cent. 
You can do this by adding 0.005 to the value and then 
displaying only two places after the decimal point. In 
order to try this, type these state ments, as shown in 
Figure 13.8: 

A=208.4978 

AI=A+.005 

?AI 

?INT(AI*IOO)/IOO 

Note that a lthough this method rounded the amount 
to the nearest cem, the Commodore 64/ VIC 20 does 
not display trailing zeros. Therefore, fift y cents (.50) is 
printed 'as .5. 
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Figure 13.8 Rounding a monetary value to the nearest 
cent. 

One way to print the .5 as .50 is to convert the 
dollars and cents separately to their string equivalents 
and then display these strings. To investigate this 
possibility, lype these statements, as shown in Fig­
ure 13.9: 

A2=I NT(AI) 

?A2 

A2$=MIO$(STR$(A2),2) 

?A2$ 

Note that A2 is the dolla r value and A2S is the string 
representat ion of this value , with the lead ing blank 
eliminated. 

Figure 13.9 A2$ is a string representation of th e dollar 
amount. 

In ord er to obtain a string representation of the 
cents va lue, type these statements , as shown in Figure 
13.10: 

A3=AI-A2 

?A3 
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A3$= MID$(STR$(A3),3,2) 

?A3$ 

Note that the cents value A3 is found by subtracting 
the dollar value from the total rounded amount. A 
string representing the cents amount consists of the 
third and fourth characters in the string STRS(A3) 
(the first character is a blank). 

3=AI-A2 
£RDY . 

. A3 
.582799988 

EADY. 
~3S="IDS(STRS(A3).3.2) 

'READY . 
. A3S 
8 

READY. 
_ .. $II;A2$- ..... -A3$ 
288.58' • 

READY. 

Figure 13.10 A3$ is a string representation of the cents 
amount. 

The total dollars and cents can be displayed by 
typing ?"$";A2$;".";A3$ which will display 

$208.50 

as shown at the bottom of Figure 13. 10. 
The statements shown in Figures 13.8, 13.9, and 

13.lOcan be combined to form the subroutine shown in 
Figure 13.11. This subroutine should print the value of 
A in the form $XX. YY. Forthe first value of A shown 
in Figure 13.11 the subroutine works well. However, 
for a value of A= 159.996 the subroutine prints 
5160 .. 9. The problem can be found by looking at the 
values of A I and A3 as shown in Figure 13.11. If the 
fract ional part of A I (the cents value, A3) is less than 
0.0 I then A3 will be stored in scientific notation. Now 
the third and fourth characters in STR$(A3) are ".9" 
rather than "00". The subroutine shown in Figure 
13.11 can be fixed by adding the statement 925 IF 
A3<.OI THEN A3S="OO": GOTO 940 as shown in 
Figure 13.12. Note that this modified subroutine 
prints the correct dollars and cents values for all of the 
examples shown. 

The last example shown in Figure 13.12 rounds 
999999.999 to 51000000.00. When writing a check for 
this va lue (or any value over SI,OOO.OO) it would look 
better and make the value easier to read if you included 
commas in the dollar amount. 



LIST 
966 REM PRINT A AS SXX.YY 
918 Al=A+.885:A2=INT(Al):A3=Al-A2 
920 A2$=MIDS(STR$(A2),2) 
939 A3$=MID$(STR$(A3) 3 2) 
946 PRINT .. $ .. ;A2$; ..... ;1t3~; 
958 RfTURII 
READY . 
A=288. 4978:60SUB 988 
5288.58 
READY. 
A=159 .996:60SUB 988 
168 .. 9 

READY . 
?Al 
168.661 

READY. 
?A3 
9.99987125E-84 

REAllY. 

Figure 13.11 This subroutine for disp laying dollars and 
cents will not work fo r cents va lues less than 0.01. 

I 1S T 

l~jllO PIN PRINT A AS SXX.YY 
I'." AlcA •. 085 : A2=IIIT(Al) : A3 =AI - A2 
,,, ,. ,12$c MIDS<STRS<A2) 2) 
, ! f A3<'01 THEil A3!="OO" : GOT a 940 

83S= MIDS(STRS(A3) 3 2) 
',I rpI "T"$";A2S;".";A3~; 

V[TUR II 
Or' • 

-,;8.49 78 : GOSUB 988 
~ .'fw. 50 
.'1 t'H'l' . 
A-159 .996 :GOSUB 988 
:·160.00 
READY. 
A=999999.999:GOSUB 980 

1000000.08 
READY. 
1 

Figure 13.12 Modif ied subro utine that d isplays correct 
dollars and cents values. 

Adding Commas to the Dollar Amount 

Suppose that you want to add commas to the value 

$ , 2357829 .~ 
A2S A3$ 

First of all , the largest dollar value that our subroutine 
can handle is 999999999 because the Commodore 
64/ VIC 20 will sto re any value higher than this in 
scientific notation. The Commodo re 64/ VIC 20 does 
not keep more tha n nine d igits of precision w hen 
sto ring numbers; therefore, to get the correct ce nts 
value you should limit the dollar va lues to 9999999. 

With th is limi t, we need to inse rt two commas, at 
most. We will divide the str ing A2$ into the three 
substrings A4S, ASS, and A6S as follo ws: 

$ cl" 357" 829 .. 49 . 
A6$ A5$ A4$ A3$ 

That is , if L= LEN(A2$), then: 

(
A2$ 

A4$= MID$(A2S,L-2,3) 

A5S= (LEFTS(A2S,L- 3) 
MIDS(A2S,L- 5,3) 

A6$= LEFTS(A2S,L-6) 

(L<=3) 
(L>3) 

(L<=6) 
(L>6) 

(L>6) 

The algori th m fo r adding the com mas will then be: 

if L< = 3 

then print SA4S.A3S 

else if L<=6 

then print $AS$,A4$ .A3$ 

else print SA6S,A5S,A4$.A3S 

Figure 13.13 shows how this algorithm can be added to 
the subro utine shown in Figure 13. 12. Lines 940-975 
implement the algorithm described above. Two exam­
ples of using this subroutine a re a lso shown in Fig­
ure 13.13. 

Figure 13.13 Subroutine that includes commas when 
displaying dollars and cents. 

900 REM PRINT A AS $ XX,XXX.YY 
910 A1=A+.005:A2=INT(Al):A3=Al-A2 
920 A2S =MIDS(STR$(AZ) 2) 
925 IF A3(0.Ol THEil A~S="OO" : GOTO 940 
930 A3S= MIDS(STRS(A3),3,2) 
940 L=LE N(A2S) 
945 PR INT"S'" 
950 IF L(= 3 tHEII A4$=A2S : GOTO 975 
955 If L(= & THEil A5$=LEFTS(A2$ ,l - 3):GOTO 
'~E ry 

360'A6$=LEFT$(A2$,L-S):PRIIIT A6S; ",": 
965 A5S="ID$(A2$,L-S,3) 
967 PRI IIT A5$'" ••. 
978 A4$=MID$(1t2~ (-2 3) 
975 PRINT A4$;··.6;A3~; 
988 RETURN 
READY . 
A=999999.999:GOSUB 908 
$1{ IlIl8, 080.88 
REnOY. 
A=32541.&58:GOSUB 988 
$32

6
541 . 66 

REA Y. 

PLA YING CARDS 

As anothe r examp le of using string functions, we will 
now develop some subroutines that will be useful in 
card game programs. The first thing to decide is how to 

represent a deck of cards within the computer. It is 
conven ient to assoc iate a number between I and 52 
with each ca rd in t he deck. We will use the numbering 
system shown in Figure 13.14. For example . the seve n 
of hearts is number 33 and the jack of diamond s is 
number 24. 
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The value of a card (ace through king) has a value 
number V, and each suit has a suit number S, as 
defined in Figure 13.1 4. 

Figure 13.14 Each ca rd in the deck is associated with a 
number between 1 and 52. 

A 
2 
3 
4 
5 
6 
7 
8 
9 
T 
J 
Q 

K 
Suit 5 
No. 

Club Diamond 

1 14 
2 15 
3 16 
4 17 
5 18 
6 19 
7 20 
8 21 
9 22 

10 23 
11 24 
12 25 
13 26 

2 

Va lue 
Heart Spade No. V 

27 40 1 
28 41 2 
29 42 3 
30 43 4 
31 44 5 
32 45 6 
33 46 7 
34 47 8 
35 48 9 
36 49 10 
37 50 11 
38 51 12 
39 52 13 

3 4 

It is usually easier to usea card number. C. as much 
as possible to di stinguis h card s and then to use C to 

find the va lue and suit of the ca rd when needed. Given 
a card number C. the co rrespo nding suit number S is 
given by S= INT«C- I)/ 13)+ I. Verify th is by trying 
some examples from Figure 13. 14. For example , if 
C=26 (king of diamonds): 

S= INT(25/ 13)+ I 

= 1+ 1=2 

Once you know S, the value number V can be 
determined from the eq uation V=C-(S- I)*I3. 
For exam plc , if C=26, th e n S=2 and 
V=26-(2- I)* 13= 13. 

It is co nvenient to store all of the card numbe rs in an 
array C%(I) (we wi ll use an intege r a rray to save 
memo ry) . This array ca n be initialized with these 
statements: 

D IM C%(52) 

FO R 1= I TO 52: C%(I)= I: NEXT 

Thus. for example. C%(47)= 47 and rcpresents the 
eight of spades. 

Suppose you want to disp lay the nineteenth card in 
the deck. The ca rd number is C%( 19)= 19. The sui t 
number is 

s = I NT«C%( 19)- I}/ 13)+ I 

= INT( 18/ 13)+ I 

= 2 

and the va lue number IS : 
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V=C%( 19)-(S- I)*13 

= 19- 1*13 

=6 

Therefo re, as defined in 13.14, the card is the six of 
diamonds. To display this value, define the two strings 
V$ and S$ shown in Figure 13.15. Note that the 
positi on of each va lue character in V$ corresponds to 
the ap propriate value number V in Figure 13.14. 
Therefore, the single value character V I $ corre­
sponding to the value number V is given by 
VIS= MID$(V$,V,I). Similarly, the position of each 
suit's graphic symbol in S$ corresponds to the 
appropriate suit number S in Figure 13.14. Therefore, 
the single suit character S I $ corresponding to the suit 
number S is given by SIS= MIDS(SS,S,I). 

Figure 13.15 Definition of th e val ue stri ng V$ and the 
suit string S$. 

These ideas are incorporated in the two subroutines 
shown in Figu re 13 . 16. The subrouti ne given by lines 
3000-3050 sets up the deck by dimensioning and 
initiali zing C%(I) and defi ning V$ and SS. This 
subrout ine should be called once at the beginn ing of 
any program involving playing cards. 

The subroutine in lines 3100-3150 in Figure 13. 16 
will find the va lue stri ng V I $ and the suit string S I $ of 
the ca rd located at position P in the array C%, that is, 
the card with number C%(P). Lines 3110-3 120 define 
the suit number S and va lue number V using the 
formulas give n above. Lines 3 130-3140 find the single­
character strings V I $ and S IS. 

In o rd er to test these subro utines, type these 
statements, as shown in Figure 13.1 7: 

GOSUB 3000 

P=33: GOSUB 3100: ?VI$;SIS 

1'=52: GOS UB 3100: ?VI$;SIS 



Note that card number 33 is the seve n o f hearts, a nd 
card number 52 is the king of spad es, as shown in 
Figure 13.1 4. 

Figure 13.16 Subroutines to set up the deck (line 3000) 
and pick a card at location P (line 3100). 

3013£1 REt'l PLA', mG CARD SETUP 
30113 Dm C%( 52) 
3020 FOR 1=1 TO 52 : C"~ ( D= I : l'lEXT 
3030 V$::: "A23456789TJQK II 

3040 S$=II+ •• f ll 

3050 RETURfl 
3100 REt'! PICK CARD AT LOCATIOH P 
3110 S=IflT « C%(P ) -I)/13l+1 
3120 V=C% ( Pl - ( S-l l *13 
3130 Vl$=MID$(V$,V , l) 
3140 SIS=MID$(SI,S,I) 
31513 RETURfl 

READ', . 

OSUB 3000 

EADY. 
=33:GOSUB 3108,?Ul$;Sl$ • 
EADY. 
=52:GOSUB 3188:?Ul$; Sl$ 
+ 

READY. 

Figure 13.17 Testing the subroutines given in Figure 
13,16, 

You can display the entire deck by addi ng the ma in 
program shown in Figure 13.18. Line 20 sets up the 
deck, a nd line 25 skips a line and initia lizes the 
tabu lat io n variable N. The FOR ... NEXT loop in lines 
30-60 increments P from I to 52, finds V I $ a nd S I $ for 
the card at position P (line 40) , and prints these va lue 
and suit characters a t tab N (line 50). Line 55 increases 
the tabulation variable N by 6 to form a new column 
and, if the value is greater than 19 (column 4) , executes 
a PRINT comma nd to reset the cursor to the next line 
and resets N to I. The result of running this program is 
shown in Figure 13. 19. Note that the cards are printed 
in the order shown in Figure 13. 14. In order to print 
them in a random order, you must first shuffle the 
deck. 

Shuffling a Deck of Cards 

To shuffle a deck of cards , all you have to do is to 
scramble the order of the card numbers stored in the 

Figure 13.18 Program to disp lay an e ntire deck of 
cards. 

10 REt'! D I SPLA', DECK 
20 !JOSUB :30013 : REI'! SETUP DECI< 
25 PRHIT : fl=1 
30 FOR P=1 TO 52 
40 GOSUB 310(1' REt'! GET HEXT CARD 
50 PRHH TAB eN); ',/1$ ; SlI; : REI'! DISPLA', CARD 
5~, fl=rl+6: IF fD19 THEH PRHIT :t·l= 1 
60 rIEXTF' 
100 EflD 

READ', . 

A~' 2'l 3~ 4~ 
5" 6" 7~ 8~ 
9i' H H Q~ 
Ki' A+ 2+ 3+ 
4+ 5t 6+ 7+ 
8t 9t It 1+ 
Qt K+ A. 2. 
3. 4. 5. 6. 
7t 8. 9. Tt 
n Qt Kt A+ 
2+ 3t 4t 5+ 
6+ it 8+ 9+ 
Tt 1+ Q+ Kt 

READY. 

Figure 13.19 Result of running program shown in 
Figure 13.18. 

card array C%(I). The following simple a lgorithm will 
do this: 

for 1= I TO 52 
find random number J between I and 52 
interchange C%( I) and C%(J) 

next I 

This algorithm interchanges each element in C%( I) 
with another element selected at random. 

RND( I) is a random number with a value 
greater than 0 and less tha n I ; therefo re , 
J=INT(52*RND(I)+I) will be a random integer 
between I and 52. 

A subroutine that wi ll shuffle the deck while 
di s pla ying a blinking version of the word 
"S HUFFLING" is shown in Figure 13.20. The 
FOR .. . NEXT loop in lines 3220-3280 corresponds to 
the for ... llext loop in the a lgo rithm. Line 3260 
interchanges C%(I) and C%(J). Each time through the 
loop "S H U F F LIN G" is printed in line 3240. The 
cursor is backspaced seventeen positions in line 3270, 
using the cursor string 87$ defined in line 3210. This 
will cause the word "8 H U F F LIN G" to be printed 
at the sa me location each time the loop is executed. 
However, line 3230 turns on the rever~e video every 
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other time through the loo p. The reverse video is 
turned off each time through the loop in line 3270 
(ha lf the time it is already off) . This wi ll produce a 
blinking effect dur ing the shurtling of the deck. Type in 
this subroutine a nd try it. 

Figure 13.20 Subrout ine to shuffle a deck of ca rds. 

3200 REr'l SHUFFLE DECK 
32110 B7$=" •••••••••••••••• 11" 
3220 FOR 1=1 TO 52 
3230 IF 1-ltiHI/2)ili2=0 THErl PRnIT":1" ; 
3240 PF: nIT " S H U F F L I rl G" ; 
3250 .J=INH52i1iRND( 1 )+1) 
3260 T=C~; ( i) :C%(J) =C%(.J) :C/; (.J ) =T 
3270 PRnIT B7$; "!Ill" ; 
3280 tlEXT I : RETURN 

READ',> . 

In o rder to produce a "ra ndom" seed fo r the 
random number generato r (so that you wi ll not dea l 
the sa me hands each time you power up your 
Commodore 64/ VIC 20- see Chapter 4) you should 
add the statement I=RND(- TI) 10 the card set up 
subroutine as shown in line 3015 of Figure 13.2 1. 

Add lines 27 and 28 shown in Figure 13.2210 the 
main program given in Figu re 13.18. This new 
program wi ll shurtle the deck and then display a ll the 
cards. A sample run is shown in Figure 13.23. 

Figure 13.21 Add line 3015 to the card setup 
subroutine when using the random funct ion RND. 

3000 F~Er'l PLA'i1NG CARD SETUP 
312110 DH1 C%(52) 
30 15 I=R,rW(-TD 
3 ~320 FOR 1=1 TO 52: C;.~( 1 ):::1 : t~E >::T 
31213(1 I'I$=- II A234567:39T JOK II 
3040 S$="4.~~" 
~:<150 RETUF.:N 
3100 REr'l PICK CARD AT LOCATI Ofl P 
3110 S=INT«C% (P) -1)!13)+ 1 
3120 V=C%(P ) - ( S-I) '13 
3130 V1$=M IDS ( VS , VJ 1) 
3140 S1$=MIDS (SS}S , 1) 
~:1513 RE TURt·j 

F:ERD''> . 

Figure 13.22 Mai n program to display shuffled deck of 
cards. 
113 RHl D I :3PLA',> DECK 
20 GOSUB 30'30: REr'l SETUP DEU( 
25 PRlt·n: t·t=1 
27 GOSUB 3200 : FHl S:HUFFLE DECK 
28 PF~ItH : PRI m 
30 FOR P=-l TO 52 
40 GOSUB 31<10 : REI'l GET HEn CARD 
5'3 PRUIT TRB<t,>;'·!I $; Sl$.; :F.HI DI::;PLA',' CARD 
55 N=t-l+6 : 1 F rO 19 THEN PR nIT : fl= 1 
60 rIE:~TP 
100 EflD 

READ',>. 
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UN 
• I 

it o. 7~ 6+ 
KY 3';' 7. K+ 
5+ 2+ At 3+ 
n T+ H 9+ 
H R. O~ 8. 
8", M 7+ 5~ 
4", 3. 4. R. 
9", 3. 9+ n 
U 1+ 6. 4t 
9. 2. 6~ 2. 
T. 8+ 8. 6+ 
2~ 0+ H 5. 
4+ J. Q. 5. 

[RDY. 

Figure 13.23 Sample run of program shown in Figure 
13.22. 

Dealing a Hand of Cards 

The program shown in Figure 13.22 ca n easily be 
modified to dea l a ha nd of cards. All you have to do is 
divide the cards among a number of players and limit 
the number of ca rds dea lt to the desired number. 

Let NP= number of players and NC=number of 
cards per hand. 

The first card dealt to each player can be displayed 
on a single line with the statements; 

50 P= I:PRINT 

70 FOR J=I TO NP 

80 GOSUB 3100: REM DEAL NEXT CARD 

90 PRINT VIS;SIS;SPC(2); 

1001'=P+I 

110 NEXTJ 

Note that P points to the next card in the deck, a nd 
subroutine 3100 finds the card a t C%( P). 

To deal NC cards to each player and display them 
on succeeding lines, add these statements, as shown in 
Figure 13.24; 

60 FOR 1=1 TO NC 

120 PRINT 

130 NEX Tl 

In this program lines 30-40 allow the user to type in the 
values NP and NC. Line 50 points to the top card of 
the deck and sk ips a line . Lines 60-1 30 a re the outer 
FOR ... NEXT loop that prints NC rows of cards. Lines 
70- 110 are the inner FOR .. . NEXT loop that deals NP 
ca rd s and displays them on one line. Line 100 points to 
the next card in the deck after each one is dea lt. The 
PR I NT statement in line 120 is necessary to move the 
curso r to the beginning of the next line after each 
round of card s is dealt. Two sa mple runs of this 
program are shown in Figure 13.25. 



Figure 13.24 Program to deal a hand of ca rds. 

10 REM DEAL HRND OF CRRDS 
20 GOSUB 3000: REI1 SETUP DECK 
25 PRINT 
27 GOSUB 3200:REM SHUFFLE DECf( 
28 PRINT : PRItH 
30 mpUT" ENTER flUI'IBER OF PLA·,.ERS .. . ;t·w 
40 INPUT" ENTER NU~lBEF: OF CRRDS PER HAND "; NC 
50 P=I : PRIflT 
60 FOR 1=1 TO Ne 
713 FOR J= 1 TO flP 
813 GOSUB 3100: RE~1 DEAL NEXT CARD 
90 PRINT Vl$;S1$;SPC(2); 
100 P=P+1 
lHi NEXT J 
120 PRINT 
13121 NEXT! 
140 EflD 

READ'''. 

Figure 13.25 Sample runs of program shown ·in Figure 
13.24. 

It would be nice if you could sort each hand by suit. 
This is easier to do than you may think . 

Sorting a Hand by Suit 

Suppose that a ha nd contains the cards shown in 
Figure 13.26a, where the card number for each card is 

also given (see F igure 13. 14). If the card numbers are 
sorted in ascending order, the cards will be sorted in 
ascending o rder by su it , as shown in Figure 13.26b. 
This illustrates the advantage of using card numbers to 

represent playing cards inside the computer. 

Figure 13.26 A hand of cards can be sorted by su it by 
sorting the card numbers in ascending order. 

Card Card No. Card No. Card 

6H 32 2 2C 
4D 17 3 3C 

8D 21 6 6C 

4S 43 17 4D 

3C 3 21 8D 

JS 50 32 6H 

6C 6 35 9H 
9H 35 43 4S 

2C 2 50 JS 
(0) (b) 

I n order to sort a hand , we wi ll need to store the 
card numbers for each card in the hand. \Ve can store 
these in an array. For co nven ience we will use a '\\'0 -

dimensional array, I-I(I.J ). in which each col umn will 
co ntain the card numbers ror a different player. as 
shown in Figure 13.27. To sort a ll ha nds. we will need 
to sort each co lumn in ascending order. 

Figure 13.27 Each co lumn of (he two-dimensional 
array H(I,J) contai ns the card numbers for one player. 

player no. J 

3 , 
" " 

" • ,. 
" " " , , " 
" " 33 

• 50 " " 
The array H(I ,J) must co ntain NC rows (num ber o f 

cards per hand ) and N P colu mns (number of players). 
Since we do not know what these values are until lines 
30-40 in Figure 13.24 a re executed, we will add the 
ro llowing dimension statement at line 45: 45 DI!\t[ 
H(N C,NP). Every time a ca rd is deal t , we need to add 
the card number to the array H( I,.I) by add ing the 
statement 75 H(I,J)= C%(P) as shown in Figu re 13.28. 
Note that this statement is inside the two nested 
FOR ... NEXT loops and that the array H(U) will be 
fil led onc row at a timc. In Figure 13.28 we have added 
lhe one additiona l statement 135 GOSUB 200: REM 
DISPLA Y SORTED HAND where we will put 
eve rything that we do not yet know how to do. 

The subroutine at line 200 will ha ve to son each 
co lumn in 1-1(1,.1) in ascend ing order and then display 
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Figure 13.28 Main program to deal a hand of cards 
and then display the sorted hand . 

10 REM DEAL HAND OF CARDS 
20 GOSUB 301313 : REM SETIJP DECK 
25 PRINT 
27 GOSUB 3200 : REI'l SHUFFLE DEC}; 
28 PRUn : PRUn 
313 INPUT" EtHER NUrlBER OF PUWERS ".: NP 
40 ItlPUT" E~nER rlUI1BER OF CARDS PER HAND " ; NC 
45 DIt-l H( NC , ~lP ) 
50 P=I : PRUn 
613 FOR 1=1 TO NC 
713 FOR .1= I TO ~jp 
75 HC L J ) =C%( P;· 
80 GOSUB 3 100 : RErl DEAL NEXT CARD 
96 PRINT Vl$ ;Sl$ ;SPC ( 2 ); 
100 P=P+I 
1113 NEXTJ 
1213 PF:Un 
130 ~l EXTI 
135 GOSUB 200 : REI'l DI SPLA'r SORTED HAND 
140 ErW 

READ'r. 

the correspo nd ing ca rd s. This subro utine is shown in 
Figu re 13.29. Line 205 prints the word "SORTI NG". 
so tha t if it ta kes a litt le t ime (it witl) the use r witl 
know wha t is go ing o n. Line 2 10 wi tl go 10 a subroutine 
that witl sort each column in H(U ). The nested 
FOR ... NEXT lo ops in lines 220-260 a re simila r to the 
o nes in lines 60- 130 o f Figure 13. 28 tha t d isplayed the 
origi na l hand . T he subroutine a t line 3 100 witl find the 
ca rd a t position P in the a rray C%; tha t is. the card 
with ca rd number C%( P). This was useful in line 80 in 
Figure 13.28 \vhere we were incrementing P each time 
thro ugh the loo p. In Figu re 13.29, howeve r, we d o not 
k now p , but we d o know the ca rd number- it is 
H( U ). Therefore, we would like to use the subroutine 
a t line 3 100 to find the value of the card with card 
num ber H(I,] ). We must ma ke C%(P) co nta in the 
value H( U ). Beca use the a rray element C%(O) is not 
normatly used but is ava ila ble, we witl use this locat io n 
to store H(U ), as shown in line 240 in Figure 13.29 . 
Note that we must set P= O so that the subroutine at 
line 3 100 shown in Figure 13 .2 1 wi tl use C%(O) as the 
equivalent of H( I,]). 

Figure 13.29 Sub ro utine to display the sorted hands of 
ca rds. 

2013 REI1 D I :3PLA'r SORTED HA~m 
205 PR IIH: PRINT ":::ORTING" : PRINT 
2113 GOSUB 21301') : REI'l SORT COLUMN3 OF H 
220 FOR 1=1 TO NC 
230 FO": ..1 = I TO NP 
240 P=0:C%(0)=H( I ,J):GOSUB 3 100 
25a PRHH V1 $; 8 1$; :=;PC(2) j 
260 NEXTJ: Pf<:INT : NE;';TI: RETUF; ~' 

READ'r . 
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We must now sort the columns of H(I,J) in 
ascend ing order. If you study the sorting a lgorithm 
that we developed in the last chapter (see Figure 
12. 10), you witl note that atl we have to do is apply this 
same a lgori thm to each column of H(I,J). The 
resulting a lgorithm is given in Figure 13.30. The 
BAS IC implementa tion of this algorithm is written as 
a subroutine in Figure 13.3 1. 

for J = 1 TO NP 

for 1= 1 TO NC-1 

for K= I+ 1 TO NC 

if H(I.J)< = H(K,J) 
then do nothing 
else interchange H(I ,J) and H(K,J) 

nextK 

nextl 

nextJ 

Figure 13.30 Algorithm fo r sorting each co lumn of 
H(I,/) in ascending orde r. 

Figure 13.31 Subroutine to sort each column of the 
array H(I,/). 

200(' REI'l SORT EACH COLU~IN OF H (~lC .. NF' ) 
213113 FOI': .1=1 TO NP 
2020 FOF; 1 = 1 TO NC-l 
2030 FOR K=I+I TO NC 
2040 I F HCI.J ) C=HC}; .. J) THEN 2060 
2050 T=HCIIJ) :HCIlJ) =H(KJJ): H( KIJ)=T 
21360 ~lE ;':TK: ~lEXTI : ~lEnJ : RETURH 

READ'r . 

We ha ve now written all of the subroutines needed 
to run the p rogra m shown in F igure 13.28. A sample 
run is shown in F igure \3 .32. Note tha t each hand is 
so rted by suit wi th the suits d isplayed in o rde r (clubs. 
dia mond s. hea rts, a nd spades). 

I f you were so ni ng a bridge hand, you would wa nt 
t he ace to be hig h ra ther than low, a nd thus to be 
placed a ft e r the k ing when d isp layi ng each sui t. You 
ca n do this in Exercise 13-4 . 

EXE RC ISE 13-1 
W rite a progra m tha t will accept a string AS and a 
substr ing BS fro m the key board. a nd then search fo r 
the firs t occurrence o f the subst r ing B$ in AS. If a 
ma tch is fo und , the va lue o f P should be set to the 
positio n in AS o f the firs t character o f BS. (P= I 
correspo nd s to the first characte r in AS.) If no match is 
fo und , se t P= O. 



EHTER HUHBER or PLAYERS ? 6 EHTER HUHBER or CARDS PER HAHD ? 7 

K+ A', Q+ Q~ 6~ 2~ 3. Ti' n 9. 6+ S' 9+ 7. Q. 8+ 4. It 
Kt A+ If 4t Jt A. 
9t 2+ J~ 6t 8{O St 
2+ ·H· 6. 2. T+ 7y 
8+ 3~' J+ S'i 4+ At 
SORTING 

2+ A":' H Sll' 6ll' U • 3" J+ Q~ 8~ 7~ 
K+ 4';' Q+ 0+ 4+ A • • H 6. 2. 6+ 5. 
Ot A+ If 9. T+ At 
9t if Q. 4t 4. St 
Kt 2t n 6t J. Tt 
READY. 

Figure 13.32 Sample run of the program shown in 
Figure 13.28. 

EXERCISE 13-2 
Modify the program in Exercise 13-1 to fi nd a ll 
occurrences of BS in AS. Store the loca tions of all 
matches in the array P(I). A va lue of P( I)= O wi ll 
indicate that there are no more matches in the string. 

EXERC ISE 13-3 
Write a program that will replace all occurrences of the 
substring BS in AS with the substring CS. The program 

Exercise 13-6 

PAY TO THE ORDER OF 

JOHN DOE 
1234 '1IC DRIVE 
ROCHESTER. MI 48063 

should accept the str ing AS and the two substrings BS 
a nd CS from the keyboard. 

EXERC ISE 13-4 
Write a program that will shuffle a deck of ca rd s and 
dea l four brid ge hands. (Eac h hand contains 13 cards.) 
The four hands a re to be sorted with the ace as the high 
card in each suit. 

EXERC ISE 13-5 
Some card games req uire the players to cut for the 
dea l. wit h either the high ca rd or low ca rd win ning the 
deal. Write a program that will allow N P players to cut 
fo r the deal and will assign the deal to the player 
cuu ing the highest card. 

EXERCISE 13-6 
Write a program tha t wi ll print a chec k. The program 
should allow the user to type in a na ine. address, date, 
and check amount. Print the check in the form shown 
below. Check to make sure that the amount is in the 
range 0- 9,999,999.00 and print lead ing asterisks in the 
amount box on the check. 

DATE 

12/ 13/ 83 

PAY THIS AMOUNT 

I • .... ·1.250.41 I 
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LEARNIN TO 

As you have learned , the Commodore 64/ VIC 20 
contains a large number of memory locations that 
are used to store the program and data. Some of 
this memory is read / write memory (RAM), some is 
read-only memory (ROM), and some is specia l 
input! output memory that allows communication 
with the outside world. This co mmunica tion includes 
getting data from the keyboard a nd writing and 
reading data to and from a cassette ta pe and disk dr ive. 

When writing a program in BAS IC. you refer to a 
memory cell by its name, such as AS o r C3. You do not 
know exactly which memory locati on within the 
Commodore 64 / VIC 20 contai ns the da ta in C3 . The 
BAS IC interprete r automatica lly takes care of assign­
ing these locations. Howeve r, in o rder to use the full 
power of the Commodore 641 VIC 20, you must 
sometimes read and write data to specific memory 
locations within the computer. I n order to do this with 
ma xi mum flex ibil ity and speed you must write the 
program in assembly language. 

You can , however, read and wri te data to specific 
memory locations wit h BAS IC by using the PEEK 
and POKE statements. In this chapter you will learn 
how: 

1. data is stored in memory locations in the 
Commodore 64 / V 1C 20 
2. to use the PEEK a nd POK E statements 
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3. to co ntro l the border, background , and cha r­
acte r co lors of the screen 

4. to use the alternate cha racter set o f the Com mo­
dore 64/ VIC 20. including so me new gra phic 
symbols 

5. to POK E graphic pictures direct ly on the 
Comm odore 64/ VIC 20 scree n 

6. to co ntro l the so und s produced by the Commo­
do re 64/ VIC 20 

7. to derine your own graph ic characters on the 
Commodore 64 1 VIC 20 

8. to create S prite graphics figures on the Co mmo­
dore 64 

THE PEEK AND POKE STATEMENTS 

The 65 I 016502 microprocessor, the "brain" of the 
Co mmod o re 64/ VIC 20 (see Figure 3. 1). is an 
integra ted circuit chip that co ntains fo rt y pins. It can 
address a to tal of 65,536 memory locati ons (wi th 
add resses between 0-65535), because six teen of the 
fo rt y pins are used to fo rm an add ress. and each of tile 
address pi ns can be either high or 10w( 1 or O) . T hus an 
address might be represe nted by the sixtee n bits 
00 I 10 101 I 100000 I . This binary number is equi va lent 
to the decima/number 1376 1. so this memory location 
would have a n address of 1376 I. Since each of the 



sixteen bi ts in the address can be either a I or a 0, the 
total number of possible addresses is 2" = 65536. A 
VIC 20 ac tually contains co nside ra bly less tha n this 
maximum amount of memory, since it co mes with 
only 5K bytes a nd is ord inari ly expa nded in me mory 
by add ing either 8K, 16K. o r 24K RA M. T he 
Commodore 64 on the other ha nd actually has 65,536 
RAM locations (64K). This is achieved by having 
RAM and ROM share some locations a nd RAM, 
ROM, a nd input / output devices sha re others. At a ny 
time, each shared address is either RAM or ROM or 
possibly a n inpu t/ output device but which it is 
depe nds upon the contents of cen ain other nonshared 
locations wh ich a re a lways RAM or ROM . 

It is sometimes co nve nient to represent binary 
numbers as hexadecimal nu mbers. This is not neces­
sary when using BASIC, because the PEEK a nd 
POKE statements use only decimal numbers. How­
ever. if you want to program in assembly language, 
then the use of hexadecimal numbers is essentia l. 
Although you do not need to know a bo ut them for 
a nything in th is book, a brief d iscussio n of hexa­
decimal numbe rs is give n in Ap pendi x D. 

In add ition to the sixteen add ress pins. the 
6510 / 6502 microprocesso r uses eight pins to t ransmi t 
and receive data. These pins are co nnected to all of the 
memory chips in the Co mmodore 64 / VIC 20. Thus, 
data is moved between memory locat ions in groups of 
eight bits called b l'les. The total numbe r of differen t 
va lues that a data byte ca n have is 2/(= 256. Thus. data 
in a memory locat ion in the Com modore 64 / VIC 20 
ca n ha ve a va lue between 0-255 . Th is relatio nship 
between addresses a nd data is shown in Figure 14. l. In 
this figure memo ry location 32768 contains a da ta 
va lue of 255 (eigh t I $), and memo ry location 32769 
cO lllains a data value of 5. 

You ca n find the data va lue sto red in a particu lar 
mem ory location by using the PEEK statement. You 
can store a pa n icular data value in a given memory 
locatio n (p rovided it conta ins a RAM ce ll ) by usi ng 
the POKE stateme nt. 

Figure 14,1 Each add ress in the range 0-65535 points 
to a memory location containing data in the range 
0-255. 

32768 

./ 32769 
Addross 3276B ./ 

I 1000000000000000 t 32770 

3277 1 

32772 

32773 

32774 

32775 

11111111 
- 255- -

00000 101 - "5 - -
0000 1111 
- 15- -

Oa1a"'255 

Oa1a"'5 

PEEK 

The function PEEK(add,) returns the data value 
stored in the memory location wi th an add ress add,. 
The value of add, must be in the ra nge 0-65535. Try 
printing some va lue of PE EK to see what you get. For 
example, try these sta tements, as shown in F igure 14.2: 

?PEEK(792) 

?PEEK(770) 

(These locations in your Commodore 64/ VIC 20 will 
probably conta in da ta values different from those 
shown in Figure 14.2.) 

Figure 14.2 M emory location 792 contains th e va lue 71 
and memory location 770 contains the value 131. 

Ce rtain memo ry locati o ns have particular mea n­
ings to the Commodore 64/ VIC 20. For example, 
memory location 197 will have a value of 64 if no key is 
be ing pressed . If a key is pressed , then memory 
locatio n 197 will have a value between 0 and 64 
de pend ing upo n the position of the key on the 
keyboard. 

To see how this wo rks , type and run this o ne-l ine 
program: 10? PEEK(197) : GOTO 10, The da ta value 
in location 197 will conti nue to be displa yed a nd scro ll 
off the scree n. P ress severa l keys wh ile the program is 
runni ng a nd watch the numbers cha nge. NOle that 
when you a re not pressing any key, the va lue d isplayed 
is 64. 

Th is fact can be used in programs if you wa nt to 
wa it while a key is bei ng pressed or unti l a key is 
pressed . Fo r exa mp le , the program shown in Figure 
14. 3 wi ll cause a ba ll to bo unce back and fo rth across 
the screen as lo ng as a ny key is pressed. When yo u 
release t he key, the ba ll will stop. Each time a new ba ll 
is printed by lines 10 a nd 20, the subroutine in line 50 is 
ca lled. Line 50 will loop on itself if PEEK( 197)= 64, 
that is, ifno key is bei ng pressed. As soon as you press 
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a key, the program returns from the subroutine and 
prints anot her ball. Study lines 10 and 20 a nd make 
su re you understa nd how the ball moves. Line 10 
moves the ball from left to right, and line 20 moves the 
ball from righ t to left. T ype in this program and run it. 
On the VIC 20, change statement 9 to 9 WIDTH=22. 

2 REM BOUNCING BALL 
5 PRIMT"l.!.I!I!.llli 
9 "'I DTH=:fII 

1
10 rOil I=i TO "'IOTH-ioPRINT" en"; oGOSU 
500HEXT 
,20 rOil 1=1 TO "'IDIH- LPRINT" Illen"; :GO 
'S 500 NEXT 
i30 GOTO 10 
~O Ir PEEK( 197)=64 THEN 50 
:60 IIETURN 
III E A 0 'I . 
,RUN 

i 
e 

Figure 14.3 PEEK(197) will be equa l to 64 if no key is 
being pressed. 

POKE 

Whereas PEEK a llows you to read the data va lue in a 
particula r memory location, the statement POKE 
addr.dala a ll ows you to sto re the va lue "dO lO" in the 
memory locat ion "addr". For example, type these 
statements as shown in Figure 14.4: 

POKE 990,75 

?PEEK(990) 

Note that PEEK(990) verifies that you act ua lly stored 
the value 75 in memory location 990. 

Figure 14.4 POKE 990,75 stores the va lue 75 in 
memory location 990. 
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On a VIC 20 as it comes from the facto ry. the 506 
memory locations 7680-8 185 are specia l loca tions 
ca lled the TV RAM. These 506 locations co ntain the 
specia l codes correspo nding to the 506 characters 
(23 X 22) tha t are displayed on the VIC's video screen. 
(A blank is a character with it s own specia l code.) If 
you have a VIC 20 with a memo ry expa nsio n, then the 
TV RAM is automatically cha nged to the 506 
locat io ns 4096-4601. On the Com modo re 64. the TV 
RAM is co ntained in the 1000 locat io ns from 1024 to 
2023. These 1000 locations contain the specia l codes 
co rres po nding to the 1000 characters (25 X 40) that arc 
displayed on the Commodo re 64's vidco sc ree n. 

O n an unm od ified VIC 20. memory loca tio n 7680 
co rrespo nds to the upper left-ha nd co rne r of the 
screen, a nd the memory addresses increase a long each 
sc reen row. On a VIC 20 wit h a memory ex pansion, 
the situa tion is the sa me except that memory loca tion 
4096 corres po nd s to the upper left-hand co rner of the 
screen. S imi larly. o n a Commodore 64, memo ry 
locat ion 1024 corresponds to the upper left-hand 
corner of the sc reen, a nd the memo ry addresses 
increase along each screen row. 

In each case . if yo u POK E a va lue to one of the 
add resses in the TV RAM , the character co rre­
sponding to this va lue wi ll appear o n the sc ree n. To see 
this, use yo ur cursor contro ls to sc ro ll the sc ree n until a 
Il onblank characte r ca n be seen in the upper left-hand 
co rne r. Then move the curso r to the middle of the 
sc ree n and type whicheve r of the fo ll owing is appro­
priate: 

POKE 7680,83 (i f you have an un mod ified VIC20) 

POKE 4096,83 ( if you havea VIC 20 with a memory 
expa nsion 

POKE 1024,83 (if you have a Commodo re 64) 

You should now see the heart graphic character in the 
upper left-hand corner of the screen. This is because 83 
is t he special code for a heart, a nd yo u POK Ed it into 
the first location o f the TV RAM . We will see how thi s 
technique can be used to draw comp lete pictures later 
in this chapter. 

The reason we began the above by moving a 
nonblank cha rac te r to the upper left-hand corne r of 
the screen is to make certain the heart character would 
appear when we POKEd its specia l code there. If the 
upper le ft-hand co rner had been blank to s ta rt with, 
POK Ei ng the code for a hea rt would not have changed 
anything. This is because the way the Commodore 
64 / VIC 20 makes a screen cell bla nk is to change the 
cha racter color for that cell to be the color of the 
background of the screen. T hus, cha ng ing only the 
code of the character has no effect. To sec this, try 
poki ng a heart cha racte r int o the upper left-hand 
corner when it is initially bla nk . 



On a VIC 20 without a memo ry ex pansion, the 506 
memo ry loca tions 38400-38905 are special loca tions 
called the COLOR RA M. These 506 locations contain 
specia l codes that determ ine the color of the corre­
sponding 506 characters tha t are displayed on the 
V IC 's video screen . Location 38400 corresponds to the 
upper left-hand corner of the sc ree n, and the memory 
add resses increase a long each screen row, O n a VIC 20 
with a memory expansion. the COLOR RA M is 
auto ma t ically moved to the 506 memory locations 
37888-38393. In this case, loca ti o n 37888 co rrespo nd s 
to the upper left- hand corner of the screen . On the 
Commodore 64. the COLOR RA M is co ntained in the 
1000 locations from 55296 to 56295. In this case, 
locatio n 55296 correspo nds to the upper left-hand 
corner of the scree n, and the memo ry addresses 
increase a long each screen row, 

On a VIC 20 , eac h charac te r on the screen wi ll be 
one of e ight co lo rs depending upon the code stored in 
the co rresponding ce ll of the COLOR RAM. The 
colo rs a nd their codes a rc shown in Figure 14.5a. On a 

Figure 14.Sa Co mmodo re Standard Eight-Color Codes. 

Figure 14.Sb Commodore Standard Sixteen-Color 
Codes. 

Comm od o re 64 , each characte r on the scree n will be 
o ne of sixteen colors depending upon the code stored 
in the co rresponding cell of the COLOR RAM. The 
colo rs and their codes for the Commodore 64 are 
shown in Figure 14.5b. 

T he co lo r of a ny characte r on the screen can be 
changed by POKEing the corres ponding location in 
thc COLOR RAM wit h a color code. T o see this, use 
your cursor controls to scro ll the screen until a 
non bla nk characte r can be seen in the upper left-hand 
corner. Then move the cursor to the middle o f the 
screen and type whichever of the follo wing is appro­
priate: 

POKE 38400,5 ( if you have a n unmodified VIC 20) 

POKE37888,5 (if you have a VI C 20witha memory 
expans ion) 

POKE 55296,5 (if you have a Commodore 64) 

The co lor of the character in thc upper left-hand 
co rner of the sc reen should now be green. If you have a 
VIC 20 , repca t this exerc ise and POKE each number 
betwee n 0 to 7 into either loca tion 38400 or 37888, 
whichever is appropria te, and record the results. If you 
have a Commodore 64, POKE each number between 0 
and 15 into locations 55296 and record the results. [n 
each case, you will make t he characte r in the upper 
le ft -ha nd corner turn all possible co lors. 

It is also poss ible to modify both the border and 
background co lors of the screen by POK Eing values 
into appropriate memory locations . In the VIC20 the 
memo ry location 36879 co ntro ls both the border and 
background co lors . In this case. the bo rder color can 
be any of the e ight colors sho wn in Figure 14.5a a nd 
the col o r codes shown there a pply. The background 
color, however, can be any of the sixteen colors shown 
in Figure 14.5b and the color codes sho wn in Figure 
14.5b a pply. T o choose a comb ination of border and 
background colo rs, let BO be the appropriate color 
code 0-7 fo r the border as shown in F igure 14.5a and 
let BK be the appropriate co lor cod e 0-15 for the 
back ground as shown in Figure 14.5b. We choose the 
combina tion of colors with the statement 

POKE 36879,16*BK+BO+8 

To see this, type in the fo ll owing progra m and run it , 
entering appropriate color codes from the keyboard. 

10 INP UT BK,BO 

20 POKE 36879,16*BK+BO+8 

30 GOTO 10 

On the Commodore 64, memory location 53280 
co nt rols the border color and memory location 5328 1 
co ntrols the background co lor of the screen. Either 
color may be any of the sixteen colors shown in Figure 
14.5b and the color codes shown there apply. To see 
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this , type in the fo llowing program and run it, entering 
appropriate color codes from the keyboard. 

10 INPUT BK,BO 

20 POKE 53280,BO:POKE 53281,BK 

30 GOTO 10 

EXERCISE 14- 1 

Write a program for your computer tha t will blank the 
screen and then display in sequence all possib le 
combinations of border and backgro und colors. 
Introduce a suitable v iewi ng dela y us ing a 
FOR ... NEXT loop. 

EXERCISE 14-2 
Write a program for your computer that wi ll fill the 
screen with graphic hea rts and display them with a 
ra ndomly-chosen combination of border, back­
ground, and character co lors (using the same color for 
all the hearts). 

EXERCISE 14-3 
To the program of Exercise 14-2, add a loop that 50 
times will randomly choose a combination of border, 
background , and character colo rs and display them. 

ALTERNATE CHARACTER SET 

When yo u press a letter key, the Co mm odore 64/ V IC 
20 will disp lay a capita l letter. When you press the 
same key while holding the S HIFT key down, the 
Commodo re 64/ V IC 20 wi ll disp lay o ne of the graphic 
symbols. This is the sta ndard cha racter se t that is 
availab le when you power up the Commod o re 64 / 
VIC 20. 

The Commodore 64/ VIC 20 a lso contai ns an 
alternate charac ter set that produces lowercase letters 
instead of graphic symbo ls. You ca n change to this 
alternate character set from the keyboard by pressing 
the LOGO and SH IFT keys together. Press ing the 
LOGO a nd SHIFT keys together again wi ll change 
back to the standa rd character se t. Start with a screen 
containing lots of cha racters and try this. 

You can a lso change to the a lternate character set 
by typing 

POKE 36869,242 ( if you have an unmodified 
VIC 20) 

POKE 36869,194 (if you have a VIC 20 with a 
memory ex pansio n) 

PO K E 53272,23 (if you have a Commodore 64) 

T o return to the standard character se t, type 

POKE 36869,240 (if you have an unmodified 
VIC 20) 
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POKE 36869,192 ( if you have a V IC 20 with a 
memory expansio n) 

POKE 53272,21 (if you have a Commodore 64) 

I n order to illustrate this, clear the screen and if you 
have an unmodified VIC 20 type 

POKE 36869,242 

? "this is lower case" 

and if you have a VIC 20 with a memory expansion, 
type: 

POKE 36869,194 

? "this is lower case" 

If you have a Commodore 64, clear the scree n and 
type: 

POKE 53272,23 

? "this is lower case" 

The result in the case of the Commodore 64 is shown in 
Figu re 14.6. 

Figure 14.6 POKE 53272,23 changes a Commodore 64 
to the alternate chara cter set (lower case) . 

Now, type whicheve r of the follow ing is appro­
priate: 

POKE 36869,240 (if yo u have an unmod ified 
VIC 20) 

POK E 36869,192 (if you have a VIC 20 with a 
memory expansion) 

POKE 53272,21 (if you have a Comm od o re 64) 

Figure 14.7 shows what ha ppens o n the Com modore 
64. No te th at th is changes back to the sta ndard 
cha racter se t. a nd the lowe r case ICHers tha t yo u typed 
are cha nged to upper case, Th is shows that the same 
scree n codes a re interpreted diffe rently depending 
upon whet her the co mputer is in graphics o r lowe r case 



Figure 14.7 POKE 53272,21 changes a Commodore 64 
back to the sta ndard cha racte r set (g raphics). 

characte r mode . The sa me resu lt happens on the 
VIC 20. 

The Commod o re 64 / VIC 20 has two o ther cha r­
aCler sets that you a rc a lread y familiar wit h . T o see 
this. make sure the screen has lots o f characte rs and 
type whichever of the fo llowi ng is appropriate: 

POKE 36869,241 (if you have an unm odified 
VIC 20) 

POKE 36869,193 (if you have a VIC 20 with a 
memory expansion) 

POKE 53272,22 (if you have a Commodo re 64) 

What character se t d o you sec now? You shou ld see the 
sta ndard graph ics characters in reverse video. Nex t. 
type whichever o f the fo llowing is appropria te: 

POKE 36869,243 (i f yo u have an unmod ifi ed 
VI C 20) 

POKE 36869 ,195 ( if you have a VIC 20 with a 
memo ry ex pansion) 

POKE 53272,24 ( if you have a Commodo re 64) 

W hat character se t do you see now? 

New Graphic Sy mbols 

When you usc the a lternate characte r set. the grap hic 
symbols on the specia l charac te r keys and the le ft 
graphic symbo ls o n the lette r keys are s till avai lable. 
Most of them a re the sa me as they were before. but 
so me new o nes have been add ed . The four new gra phic 
symbo ls a re shown in Figure 14.8a nd can be disp layed 
by typing: 

S HIFf rr 

LOGO ' 
S HI Fr £ 

S HI Fr@ 

Try these. Remember you must first enter LOGO and 
SH IFf togethe r or type POKE 36869,242 (POKE 
36869,194 if you have a memory expansion) on the 
VI C 20 o r POKE 53272,23 on the Commodore 64 in 
order to see these. 

figure 14.8 Four new graphic symbols are ava ilable in 
the alternate cha racter se t. 

The ASC II codes fo r these fo ur graphic symbo ls arc 
126. 127. 169. and 186 . The C H R$ function can a lso be 
used to d isplay these (or a ny other) graphic symbo ls, 
as shown in Figure 14 .9. 

Figure 14.9 The funct ion CHR$(A) can be used to 
display a character with ASC II code A. 

The new graphic symbols with ASCII cod es 126, 
127. a nd 169 arc pa rt icular ly useful for making bar 
graphs. We will use these three symbo ls for inOat io n, 
1Inemploy ment. a nd growth in the "economy" bar 
gra ph shown in F igure 10.30 for the Commodore 64 
and Figure 10.3 1 for the VIC 20. We can make this 
cha nge by changing the definitions of the gra phic 
symbo ls in lines 15 and 16 of the prog ram in Figure 
10.27. as shown in Figure 14 . IOa fo r the VIC 20 and 
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figure 14.10a Main program for plotting economy bar 
graph on the VIC 20 using new graphic symbols. 

10 REI'l THE ECmml'l'( 
I I PRHlT":1" 
13 POKE 3£,869 J 242 
15 I I$=CHR$( 126 ) : UI$=CHR$O( 169) : Gl $=CHR$( 127:0 : l'lU=":. !'!" 
16 12$= I 1$ : 112$=toJ1 $ : 1'13$=" :u.!!" 
20 DATA 4 . 7,7 . 8,4 .8 ,2 . 8 
30 DRTR 6 . 8 J7, 5 . 8,4 .5 
40 DATA 9,6,4.9,3 . 4 
50 DRTA 13.3, 5 .8 ,0 .8,-.8 
E·,5 X=0 
70 FOR J=I TO 4 
80 GOSUB 20(1 : REI'1 PLOT 4 BARS 
90 1'~EXT'] 

RERD'f . 

Figure 14.10b Main program for plotting economy bar 
graph on the Commodore 64 using new graph ic 
symbols. 

113 REI'1 THE ECONO~W 
II PRHlT":1" 
13 POKE 53272,23 
15 1 I$=CHR$( 126): Ul$=CHR$ ( 169) : GI$=CHR$( 127:0 : t'11$="" !"!" 
16 12$= 11$: U2$=UI $: G2$=GI$: 1'12$=" II" : 1'13$=" :-.!!" 
20 DRTA 4.7,7 . 8,4 . 8,2 . 8 
30 DATA 6.8,7 ,5 . 8 , 4 . 5 
40 DATA 9,6,4 . 9,3 . 4 
50 DATA 13.3,5.8)0. 8,-.8 
60 DATA 18 . 2,6.2,1.7,- . 5 
65 X=0 
70 FOR . .1=1 TO 5 
80 GOSUl: 200 : REI1 PLOT 4 BRRS 
90 NE):n 
100 GOSUB 600 : REM p~: Hn HEAD 1 NG ,~ ~;CRLE 
150 GOTO 150 

READ't' . 

Figure 14.IOb for the Commodore 64. Note that we 
also had to add the line numbered 13 in each case in 
order to change to the alternate character set. If you 
have a VIC 20 with a memory expansion, change this 
line to read 13 POKE 36869,194. 

We must a lso change lines 650-680 in Figure 10.29 
as shown in Figure 14.11 so as to remove the character 
color symbols in each of these statements. The result of 
running these new programs is shown in Figure 14. I 2 
for the VIC 20 and Figure 14.13 for the Commodore 
64. Note that the letters in the caption are lower case 
even though they are upper case in the program 
listings, Again, this is due to the fact that we have 
changed to the lower case character set and the same 
character codes are interpreted differently in graphics 
and lower case modes. In particular, the screen codes 
for upper case letters in graphics mode become the 
screen codes for lower case letters in lower case mode. 
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Figure 14.11 lin es 650-670 have been changed so as to 
remove the color character symbols. 

6313 PR IHT" ~QoITHE ECm~otW" 
640 PRIHT 
650 PR 1 HT 11 $; 11$;" HlFLRT lOW 
660 PRHn Ul$; Ul$;" Ul'~H1PLOYI'IEm" 
670 PRUn GI$;Gl$O;" GROVnH m Gr~P" 
688 PRun 1'11$; 111$;" PERSOf1AL INCOI'IE" 

RERD't'. 

POKING GRAPHIC PICTURES 

Recall that the Commodore 64 screen has 1000 print 
locations organized as a 25 X 40 grid (see Figure 9.4). 
As you learned earlier. each of these 1000 print 
locations is associated with a particular memory 
address in the Commodore 64's TV RAM . The 



Figure 14.12 Bar graph of economic data on the VIC 
20 using the new graphic symbols. 

Figure 14.13 Bar graph of economi c data on the 
Commodore 64 using the new graphic symbols. 

Figure 14.14 Each print location on the Commodore 
64 screen has a unique memory add ress associated with it. 

memory address contains the code for the character 
displayed at the corresponding screen location. The 
upper left-hand corner of the screen is address 1024, 
and the addresses increase by one along each row as 
shown in Figure 14.14. 

Since each rowan the screen contains forty print 
locations, the difference between the address of one 
screen locat ion and that of the location directly below 
it will be40. By numbering the rows Y from 0 to 24 and 
the columns X from 0 to 39, the address of the screen 
location X,Y can be calculated from the equation 

Address = 1024 + 40 X Y + X 

For example, as shown in Figure 14.1 4, the screen 
location at X=25, Y=5 has the address 

Add ress = 1024 + 40 X 5 + 25 

1024 X 200 + 25 

= 1249 

Recall that the VIC 20 screen has 506 print 
locations organized as a 23 X 22 grid. Each of the 506 
print locations has an associated memory address in 
the VIC 20's TV RAM. This memory address contains 
the code for the character to be displayed at the 
corresponding screen location. The upper left-hand 
corner of the sc reen is address 7680 or 4096 depending 
upon whether or not the VIC 20 has a memory 
expansion . Since each rowan the screen contains 
twenty-two print positions, the difference between the 
address of one screen location and the location directly 
below it is 22. By numbering the rows Y from 0 to 22 
and the co lumns X from 0 to 21, the address of the 
screen location can be calculated from the equation 

Address = 7680 + 22 X Y + X 

fo r an unmodified VIC 20 or 

Address = 4096 + 22 X Y + X 

Address 1024 X=O. /Address 1025 X= 25 .. X= J9 

t 
Address 1063 

Address 1064 Y 0 ~ :-

Y= 5 ------

Address 
__ -------, = 1024+40"Y+X 

= 1024+40"5+25 
= 1024+200+25 
= 1249 

Y=25 ~~ ______________________________________ ~~ 

Add ress 1984 Address 2023 
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if the VIC 20 has a memory expansion. Theseformulas 
and that for the Commodore 64 can be combined to 
read 

Address = BASE + WIDTH X Y + X 

where 

{

7680 for an unmodified VI C 20 

BASE= 4096 for a VI C 20 with a memory ex pa nsion 

1024 for a Commodore 64 

and 

WIDTH = (22 for a VI C 20 
40 for a Commodore 64 

PEEK/ POKE Codes 

If you know the X and Y coordinates of a location 
where you want to print a character, you can calculate 
the address using the above formula a nd then POK E 
the special character code at this address. H owever. 
the special character code you must POKE is not the 
ASCII code, but a different PEEK/ POKE code. T o 
see this, clear the screen and type a heart graphic 
followed by a spade graphic in the upper left-hand 
corner of the screen using the keyboard . Then press 
RETURN and type these statement s, as shown in 
Figure 14.15a. 

BASE=address given above for your computer 

?ASq"SHlFT S") 

?PEEK(BASE) 

POKE BASE+l,83 

The ASCII code for the heart is 211, while the 
PEEK ! POKE code is 83 . POKEing an 83 to location 
BAS E+ I will change the spade gra phic to a second 
heart as shown in Figure 14.15b. 

To find out what the PE EK! POK E codes are for a ll 
of the keys, you can write a program that wi ll print 
whichever key you press at a known screen location 
and then PEEK that address. A program to do thi s is 
shown in Figure 14.16. The values of BAS E and 
W IDTH shown in line 12 a re for a Commodore 64. 
The va lues must be cha nged as described a bove for an 
unmodified VI C 20 or a VIC 20 with a memory 
expansion. 

For the g iven va lues o f X and y, line 40 moves the 
cursor to that screen pos iti on using the usual" M Dve to 
X ,V" subro utine and calculates this scree n address, 
SA. Line 50 is the usua l G ET loop wa it ing fo r a key to 
be pressed . Line 60 pri nts the cha racter that was 
pressed a nd then print s the PE EK! POK E code by 
PEEKing the character that was just displayed. The 
nested FOR ... NEXT loo ps in lines 20-70 will ca use 
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Figure 14.15 The PEEK/ POKE codes are not the sa me 
as the ASCII codes. 

three values to be printed on a V Ie 20 or five values on 
a Co mmodore 64 on eac h or eleven rows before the 
program stops. A sa mple run o f th is program is show n 
in Figure 14.1 7. A co mplete list or all PEE K/ PO KE 
codes is g iven in Appendi x C. 

Figure 14.16 Program to print the PEEK/ POKE code of 
wh ichever key is pressed . 

1I'J REI'1 F'R I NT F'OKE CODE,,: ON :3CPEHI 
12 BA:3E=1024 : l'IDTH=40 
15 PRHlT" :l>l" ; 
20 FOR 'r'= 1 TO 21 :3TEP 2 
30 FOR :~=13 TO l'JIDT H- l t:TEP 8 
40 GOSUB 5l1~1 : :3A=BASE+vJI DTH:+N+:x; 
50 GET At : IF A$="" THEN 5(1 
613 PRltn A$; F'EEn:3A).: 
713 I'ID,:T:,,: : fIE:~T'r' 
8 ~3 GOTO :3[1 
500 REI'1 t·IO'·iE TO ,~,'r' 
~510 PR It4T"i:i"; : IF 'r' ::::~1 THEt~ 5:3~~1 

5213 FOR 1= 1 TO't:PRIHT : NEin 
530 PRI HT :3Pc(X); : RETURt~ 

READ't . 



Figure 14.17 Some PEEK/POKE codes fo und by 
run ning the program of Figure 14.16 (see complete list 
of PEEK/ POKE codes in Append ix C) . 

One d ifference between the ASCII codes and the 
P EE K/ POKE codes involves reverse video char­
ac ters . T he R VS and O F F keys ha ve ASC II codes 18 
a nd 146. respect ively. T herefore. C H RS( 18) and 
CH RS( 146) can be used in a P R INT statement to turn 
the reve rse video on and off. However, a ll reverse 
video cha racters have unique P EE K/ PO KE codes a nd 
can therefore be PO K Ed directly o n the scree n. 
Reve rse video cha racters do not have uniq ue ASC II 
codes and can be PRI NTed using the standard ASC II 
codes o nly aft er the reverse video has been turned on. 

To find the reverse video P EE K/ POKE codes. 
cha nge line 60 in Figure 14. 16 to turn the reverse video 
o n befo re AS is p ri nted a nd off a fte r it is p rinted , as 
shown in Figure 14.18. It tu rns o ut that the reverse 
v ideo PEEK / PO K E cod e is a lways the nor mal 
PEEK / POKE code p lus 128. Th is can be seen in the 
sa mple run of the program shown in Figure 14. 19 . 

Figure 14.1 8 Program to prin t the reverse video 
PEEK/ POKE code o f whicheve r key is pressed. 

10 ~:Et-l F'R nn POKE CODES; OH ::;CREErI 
12 BASE= I '324' WIDTH=40 
15 PR IHT" :J:j"; 
20 FOR ','=1 TO 21 STEP 2 
30 FOR X='3 TO \'HDTH-' j STEP 8 
40 GO:3UB 500' ':;A=BAS;E +\H DTH*Y+:~ 
50 GET A$ ' IF A$="" THEI'I 5~1 
60 PRIHT "~II . ; A$; "!!I" j F'EEf«SA).: 
70 HE,,:Ti< ' flEXrr 
80 GOTO 80 
51313 REI'l MOVE TO X, '" 
510 PRH4T"~" ,; : IF "'1=0 THEt·~ 530 
520 FOI;: 1=1 TO ',' , PR nn ' I·ID,:T 
5313 PF: un SPC <: >:).; 'ROURfl 

RERD','. 

Figure 14.19 Some reverse video PEEK/ POKE codes 
found by runni ng the program of Figure 14.18 (see 
complete list of PEEK/ POKE codes in Append ix C). 

How to POKE a P icture 

In order to PO KE a p ict ure on the screen, you m ust 
PO KE each g rap hic symbol into the appropriate 
sc reen locat ion in the TV RAM and POKE the desired 
color into the corresponding location of the COLOR 
RAM . Su ppose that you want to d raw a recta ngula r 
pic ture tha t 'is H rows h ig h a nd W co lum ns wide, as 
shown in F igure 14.20. The PEEK / POKE codes for 
each eleme nt in the pictu re are stored in a two­
d imensio na l in teger a rray P%(I,J) where I has values 
between 0 a nd H- I a nd J has va lues between 0 
a nd W-1. 

T he upper left-ha nd corner of the picture is to be 
located at posi t ion X,V o n the screen. Therefore, the 
base address BS of this e lement in the picture is given 
by BS = BASE + WIDTH • V + X, where 

{ 

7680 fo r a n unmodified VI C 20 

BASE= 4096 for a VIC 20 with a memory expansion 

1024 for a Commodore 64 

WIDTH ': ( 22 fo r a VIC 20 
40 for a Commodore 64 

The scree n address A orany element in the picture can 
be calcula ted re lat ive to th is base address by using the 
fo rmula A = BS + WIDTH' I + J a s shown in Figure 
14.20. D rawing the picture then invo lves POKEing all 
va lues of P%( I.J ) in to the appropriate screen ad­
d resses. 

However. we st ill need to POKE the correct colors 
fo r the picture. To do so, we notc that each location of 
the TV RAM has an associated location in the 
CO LOR RA M. The code in the fo rmer determi nes the 
characte r d isp layed at the co rrespo nding loca t io n on 
the sc reen and the code in the latter determines its 
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color. Let CBASE be the starting address in the 
CO LOR RAM. That is, let 

1
38400 fo r an unmodified VIC 20 

CBASE = 37888 for a VIC 20 with a memory 
ex pansion 

55296 for a Commodore 64 

If A is a location in the TV RAM a nd B is the 
correspo nding location in the COLOR RAM , we see 
that 

B - C BASE = offset from start of CO LOR RAM 

= offset from start of TV RAM 

= A - BASE 

In other words, B= A + CBASE - BASE. Therefore, 
when we POK E a scree n code into address A of the T V 
RAM , we ca n co ntrol the color of the same screen 
location by POK Eing the desired co lor code into 
location B = A + C BASE - BASE of the CO LOR 
RAM. 

The subroutine of Figure 14.21 POKEs a n H X W 
picture whose scree n codes are stored in an integer 
array P%( I,J) into the TV RAM a nd , at the same time, 
POKES a fixed color number C into every picture 
location in the COLOR RAM. Note that the picture 
can be moved a nywhere o n the screen by changing the 
values of X a nd Y. The va lues shown for BASE and 
C BASE are fo r a Comm odore 64. They must be 
cha nged a s discussed abovefor an unm odified VIC 20 
or a V IC 20 with a memory expansion. The color 
number C= 5 corresponds to green. 

Figure 14.20 The ar ray P%(I,)) contains the PEEK/ POKE 
codes for a picture of width W and he ight H. 

X Bpsll Address BS""BASE+WI DTH fI Y+X 
I 

J"'O J=-W- l 

Y -I=O 

H rows 

I= H- I 

f- W columns ----i 
Screen Address A"' B+WI DTH * I+J 

As a n exa mple of using this subroutine we will 
POKE the ki ng shown in Figure4.23 in Chapte r4. The 
first step is to look up the PEEK / POK E codes for each 
element in the picture from the tables in Ap pendix C. 
Enter these codes int o a matri x in the shape of the 
picture, as shown in Figure 14.22. 

Each row in Figure 14.22 can then be stored in a 
DATA statement a nd read into the array P%( J.J ) as 
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shown in lines 110-1 30 of the program in Figure 14.23. 
The DATA sta tements are shown in Fig. 14.26a. 
Line 140 draws this picture at location X= 10, Y= 5, by 
calling the subroutine shown in Figure 14.21. The re­
sult of running this program is shown in Figure 14.24. 

Figure 14.21 Subroutine that PO KEs an H X W picture 
P%(I,J) at location X,Y. 

4llfJI2I RE I'l POf(E H X I'~ PICTURE P;~ q, .n RT X, 'r 
400o, BR:3E=H)24: I,IDTH=40 : CBR:::E=55296: C=5 
40\t1 BS=BA:3E +,n DTH*'r'+~'~ 
4020 FOI;, I =121 TO H-l 
4030 FOR J=0 TO W-l 
404[1 A=BS+loH DTH;+iI +.J : POf(E A .. Pi; (! .. .n 
412150 B=R+CBASE-BASE : POKE B .. C 
4060 ~jE>n'J : ~jE;':T! : RETURH 

RERD'r' • 

139 160 160 160 t60 160 160 

160 160 223 32 32 223 160 

160 160 231 160 32 160 160 

160 105 32 32 32 12. 160 

160 32 32 32 32 32 160 

160 123 32 32 103 233 160 

160 160 32 231 160 160 160 

160 105 32 32 9S 160 160 

160 160 160 160 160 160 139 

Figure 14.22 The PEEK/ POKE codes for the king. 

Figure 14.23 Main program to POKE a king. 

100 REM POKE R KI NG 
105 PIi:ItH":J" 
1£17 H=;j : I'~=l: DH1 F'%( H-l .. I·~ -I ) 
110 FOR 1=0 TO H-l 
120 FOR .]=13 TO ,~-1 
130 READ P%( lo J ): fjE>:TJ : NEXT! 
140 X=10:Y=5 : GOSUB 4000 
150 Et1D 

Figure 14.24 Result of running the program in Fi gure 
14.23. 



Mult ip le pictures can be stored in a three-dimen­
sional array wit h one picture bc ing stored in each 
plane of the array. as shown in Figure 14.25. The 
P EE K! POK E codes used to draw a king. queen. a nd 
jack are shown in Figurc 14.26. 

The sub routine shown in Figu re 14.2 1 must be 
modified to POK E the va lues in P%( U .K) asshown in 
Figure 14.27. The mai n program shown in Figure 
14.28 reads all or the data in F igure 14.26 a nd then 
d ra ws the jack (K = 2) in line 140 , the quee n ( K= I) in 
line 150.and the king( K= O) in line 160. Line 105 prints 
the message" I'M T HI N KI N G! "becau sc it ta kesa rew 
seconds to read all orthe DAT A sta tements before a ny 
picture is d isplayed. The result of run ning the program 
in Figure 14.28 is shown in Figure 14.29. 

K=O 
KI NG 

J 

K= 2 
JACK 

K= 1 
QUEEN 

Figure 14.25 The three-d imensio nal array P%II,J,K) can 
store a di fferent pictu re for each va lue of K. 

Figure 14.26 la) PEEK/ POK E codes fo r the king stored 
in P%I I,J,O). Ib) PEEK/ PO KE codes fo r the q ueen 
stored in P%II,J,1 ). Ic) PEEK/ POKE codes fo r the jack 
stored in P%(I,J,2). 

la) 200 DATR 139, 160,160, 160 .. 160 .. 160, 160 
210 DATA 1601 1 60~ 223 132) 32 .. 233 .. 160 
220 DATR 160,160,231. 160 .. 32,160 .. 160 
230 DATA 160111.35,32,32.·32.·124) 16(1 
240 DRTA 160 132132, 32 J32 132)160 
250 DRTA 160) 123132.,321183123:31 160 
260 DATR 160) 160,32) 231 ! 160) 16(1 , 160 
270 DATA 160/ 105J32J32 J95 J160J1 60 
280 DRTA 160, 160)160) 160 ,1 60/160,1 39 

RERD'r' . 

(b) 300 DRTA 145, 160, 160, 16t1 J 160 , 16tL 161.3 
3 10 DATR 1613, 160 , 233, 208 .. 160 , 160, 160 
320 DATA 160,105.,221,160,244,160 , 160 
330 DATA 1601:32 ,32,32 .. 32 .. 25 11160 
34121 DRT A 160,32J32,32 , 32J32,160 
350 DRTR 160/252J32 , 32 132,32 / 160 
360 DRTR 160/ 160/246 J229 12 121233J160 
370 DRTR 160..!60 ,231, 21il4..!05 .. 160.160 
380 DATA 160, 160, 160,1613, 160 ,160,1 45 

RERD'T' • 

400 DATR 138/1613 , 160 .- 16(1, 16£1, 160, 160 
4 10 DATA 16121,160 .·22:'::/321 233) 16~j, 160 
420 DATA 1601229 ,246, 2311168 ,160/ 160 
43£1 DATA 160/229 ,32,32, :32 .. 2~3L 1.::£1 
440 DRTR 160) 229J 32J 32, 32, 23L 16(1 
45121 DRTA 160 , 229, 32J 32 .. 32.· 231) 16'21 
46 ~j DRTA 160 .. 160 , 160,229 ,225 J 23 L 160 
470 DATA 160/16121 , 105 .-32 , 95, 160J 160 
480 DRTA 160, 160 , 160,160,160, 160,138 

READ'T' . 

Figure 14.27 Sub ro utine to POKE picture K in the 
array P%I I,J, K). 

4000 REt-! POKE HXW PICTURE p;.; (j , J, K) AT :~, '" 
4005 BASE= 1 (124: ~JIDTH=*3 : CBA~:E=55296: C=5 
40 10 BS=£:RSE+~HDTH*"'+i< 
4020 FOR 1=0 TO H- 1 
4030 FOR J=0 TO W-l 
404'3 A=B2;H H DTHlU +,J : POKE R, P:'; ( j, J , K;-
4050 B=R+CBASE-BASE :POKE B,C 
4£,60 '!Ein.] : "EXT! : RETUR)~ 

READ'T' . 

Figure 14.28 Main program that displays a jack, queen, 
and ki ng. 

100 REI1 POKE t, JACK, OUEEH , & n NG 
105 PRl m ";,]I ' I'! THHIKHIG '" 
107 H=9 : ~,=7 : DIM PX(H-\' ~'I-\' 2 ) 
108 FOR K=0 TO 2 
110 FOR 1=0 TO H-l 
120 FOR J=0 TO ~'I -l 
130 READ P;: (I , J, K) : NEXTJ : HE:,TI : NE;,TK 
140 X=0: 'r'=5: K=2: GO::;UB 400') 
150 X=7: IT=? : K= 1 : 130SUE: 4£100 
160 X= 14 : 'T'=9 :K=0 : GOSUB 4,:>00 
18'3 Et~D 

READ'r' . 

Figure 14.29 Result of running the program in Figure 
14.28. 
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MAKING SOUNDS WITH THE VIC 20 

The effectiveness of your programs can be grea tly 
enhanced by adding sound effects. 80th the VIC 20 
and Commodore 64 can produce a variety of sounds 
through the speaker of the television set used for 
display or an auxilia ry sound system. The sou nds are 
controlled by PEEKing and POKEing addresses in the 
memory. However, the sound systems of the two 
computers are quite different. In fact, the sound 
capability of the Commodore 64 is much more 
sophist icated than that of the VIC 20. Conseq uently, 
we will discuss making sounds on the VI C 20 in this 
section and take up making sounds on the Commo­
dore 64 in the next section. Commodore 64 users can 
skip this section and VIC 20 users can sk ip the next. 

The VIC 20 has four voices, each having ap prox i­
ma tely a three octave range. The waveform of the 
voices 0, I, and 2 is a squa rewave (pulsing on and ofl) 
which produces a woodwind/ organ sound . Vo ice 3 
has a white noise waveform which makes a hiss ing 
sound that is useful for percussion sounds a nd sound 
effects. 

The pitch of voices 0, I, 2, and 3 is determined by 
POKEing a value in the approximate range 130-250 
into addresses 36874, 36875, 36876 , and 36877, 
respective ly, as shown in 14.30. Voices 0, I, and 2 a re 
staggered in pitch with each successive voice being one 
octave higher than the previous one. Thus, they ca n be 
th ought of as tenor, alto, and soprano vo ices, 
respectively. By switching vo ices, it is poss ible to make 
music so unds over a five octave range. Only voice 0 
can prod uce the lowest octave and only vo ice 2 can 
prod uce the highest. 

The vo lume of a ll four vo ices is determ ined by 
POK Eing a value between 0 a nd IS into address 36878. 
For co nvenience, we have assigned the vo ice number4 
to volume in Figure 14.30 eve n though it is not real ly 
another vo ice. 

Figure 14.30 POKE Addresses for Mak ing Sounds on 
the VIC 20. 
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Producing a Tone 

Figure 14.31 contains a program for producing a series 
of single notes on the VIC 20. The subroutine at line 
500 POKEs pitch P into voice V for a duration O. The 
values for V, P, and 0 are specified outside the 
subrout ine. Line IS ca lls this subroutine with V=4 
P= IS , and 0 =0. This serves to set the volume of al l 
voices to the maximum poss ible va lue, IS. Line 20 
a llows the usert o se lect va lues for V, P, and 0 from the 
keyboard. After playing the specified note, the main 
program loops back to line 20 so that another note can 
be selected. 

In order to tryout some notes, turn up the vo lume 
on your TV set a nd type in the program of Figure 
14.3 1. In genera l, when choosing the sound param­
eters, V should be between 0 and 3, P between 130 and 
250, a nd 0 betwee n I and 5000. Choosing P=O and 
0 = 0 will turn off voice V. Try produci ng pitches 130 , 
190, and 250 for duration 1000 on each voice in turn . 
Be sure to try voice 3. 

Figure 14.31 Program to produce [Ones by voice V on 
pitch P for duration D. 

113 RHI r1An rliJ SOUHDS 
15 V=4 :F'=15 :D=0:GOSUB 500 
20 HlPUT ""IOICE , PITCH , Arm DURRTIOW ;V .P , D 
25 GOSUB 500 
30 P=0:D=0 :00SUB 500 
40 GOTO 213 
5013 REr'l r1A,:E HOTE '.)=VDICE P=PITCH D=DURATIOH 
505 V1=36874+V :POKE Vl1 P 
510 FOR 1=1 TO D:NEXT 
515 RETUF:rl 

READY. 

Making Scales 

The musical quality of the VI C 20 can better be judged 
by playing some scales with the three squarewave 
voices. The program of Figure 14.32 is an adaptation 
of the above tone-producing program for the purpose 
of playing musical sca les. Note the su broutine for 
produci ng tones at line 500 is the sa me as the previous 
program. 

Line 110 contains the va lues reco mmended by 
Com modore for a n asce nd ing C major scale in the 
middle octave of each voice. Line 120 contains the 
same va lues in reverse o rder to form a descend ing 
ve rsion of the sa me sca le, followed by the value - I. 
T he la tter se rves to mark the end of the so ng. Line 15 
turns up the volume a nd line 20 allows the user to 

specify the vo ice V to be used and the duration O U of 
each note. The loop in lin es 25-40 plays the sca le using 
the data in lines 110 a nd 120. 



Make the necessary modifications to the previous 
program to oblain the program of Figure 14.32. Then, 
execule the program with various values of V 0-2 and 
duration DU. In particular, try voices 0, I, a nd 2 with 
duration 200. Also, just fo r fu n, try voice 3. If you are 
musically Irained, you may be disappointed by Ihe 
accuracy of the pitches produced by the VIC 20. This is 
more or less an inherent problem with the VIC20 since 
the range of audio frequencies possible is subdivided 
into on ly approxima tely 250-1 30= 120 distinct values, 
i.e. Ihe va lues we POKE. On the Commodore 64, this 
problem is overcome by subdividing the range of 
audio frequencies much finer. The result is that one 
has to POKE two va lues into two addresses in orderto 
choose a pitch . 

Figure 14.32 Program for playi ng musical sca les on the 
VIC 20. 

10 REI1 11RK Hm SCRLES 
15 V=4 ; p= 15 : D=(l : CiOSUB 500 
2t1 1 NPUT " \/0 1 CE Rrm DURRTI ON" .: ...... , DU 
25 READ p: 1 F P( 0 THEN RESTORE : [;OTO 20 
30 D=DU : GOSUB 500 
35 P=0 :D=0 :GOSUB 500 
40 [;OTO 25 
1013 RE r'1 C r'1R.,TOR SCRLE 2ND OCTAVE 
110 DATA 195~ 2 ~31 J 2(7)209)215)2 19 )223)225 
120 DATA 225) 223 .. 2 19, 215 .. 209 .. 20? ) 20 1 .. 195 .. -1 
5130 REr1 r'1A,~ E NOTE ',l='-IOICE F'=P ITCH D=DURATIDt·j 
505 \J 1 =36874+\' : POKE V 1 ) P 
510 FOR 1=1 TO D:NEXT 
515 RETURN 

READ', • 

Producing Multiple Clicks 

Let us now consider produci ng some simple sound 
effects using the sa me subroutine to "play pitch P on 
voice V for dura lion D." Figure 14.33 contains a 

Figure 14.33 Program to produce N clicks with 
separation 5 and pitch P. 

program to produce N clicks with a time separation S 
a t pitch P. Make the modifications necessary to create 
this program and try it with various pitches P, time 
separations S, and number of clicks N. In particula r, 
try P= 240, S= I, and N=60. This should give a beep 
every second for one minute. Check the beeps agains t 
your watch. 

Producing a Phaser Noise 

If you repeatedly call the tone subroutine of Figure 
14.3 1 with different pitch va lues P, you can produce a 
variety of effects. For example, the program shown in 
Figure 14.34 produces "phaser" noises co nsisting of 
NC cycles of a sound in which the pitch varies from PI 
to P2 in steps of DP. 

T o hea r what this noise sounds like, execute the 
program and enlerfrom the keyboard NC= 10, PI = 

Figure 14.34 Program to make a phaser noise. 

10 REr'1 F'HASER NO 1 SE 
15 1 NPUT " ENTER NO . C~'CLE~:".: NC 
20 1 NPUT " EtH ER STRRTI NI} PITCH "; PI 
25 INPUT "ENTER END I NG PITCH"; F'2 
":0 ItWUT " EtHER P ITCH mCF:E~1Etn".: DF' 
35 '.,1=4 : p= 15 : D=0 : GOSUB 50[1 
40 ',,1=2: D= 1 
4:1 FOR J= 1 TO r·K: 
50 FOR P=P 1 TO P2 STEF lIF' 
55 GO::;UB 50121 
60 HEn P 
65 NE><T .J 
7 1.3 P=~3 : GO::;UB 5~3~3 
75 GOTO 15 
5.;,0 REr'1 r'1AKE t·jOTE V=VOICE F=PITCH D=DURATICit·j 
5~35 V 1 =36874+'./ ; POKE V 1 " P 
5113 FOR 1= 1 TO D : NEXT 
515 RETURrj 

RERD~' , 

10 RH1 PRODUCE N CLICKS I·HTH :3PAC I NG S Arm F'lTCH F' 
20 I NPUT "ENTER PITCH"; PI 
25 ltjPUT " ENTER SEPARRT liJN <: SEC:> " ; S 
30 HjPUT "EtHER NUr1BER OF CLIO:::: " ; I·j 
35 V=4 :P=1 5 :D=!ZI :GOSUB 500 
40 V=2 :D=1 
45 FOR J = 1 TO rj 
50 P=PI: GOSUB 500 
60 P=0 : GOSUB 500 
65 FOR 1=1 TO 730*3: ~jEXT 1 
70 t·jEXT .J 
75 GOTO 20 
500 REr1 1'1RKE NOTE V=\lOI CE P=PITCH D=DURRTION 
505 \,I1 =36874+\I : POKE VL P 
510 FOR 1 = 1 TO D: rjEXT 
5 15 RETURt·j 
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200 , P2= 130, and DP=-6. Note that the pitch var ies 
from high to low each cycle. Try a variety of different 
va lues for NC, P I, P2, and DP. In particular, try 
values where PI is less than P2 and DP is posit ive. 

Producing a Siren Sound 

A siren no ise can be produced by repeatedly ca ll ing the 
tone subroutine, first with increasing values of P, and 
then with decreasing values of P. The program is shown 
in Figure 14.35. 

In li nes 15- 35, the user isasked to choose va lues for 
the number of cycles NC, the starti ng pitch P I, the 
ending pitch P2, the pitch increment DP , and the 
holding time T, which controls the amount of time 
each pitch is held . T he volume is turned up in line 40 
and voice 2 and the duration or holding lime is set in 
line 45. The inner loop in li nes 55 - 65 creates a wail in 
ascending pitch a nd that in lines 70-80 produces one in 
descending pitch. The outer loop in lines 50 a nd 85 
counts the cycles. Line 90 turns the voice off and line 95 
loops to allow a new choice of parameters. 

Run this program forthe following values: NC= 5. 
P I= 130, P2= 180, DP=.3 and T= I. This sound s li ke 
an old-fashioned ambulance siren. Try varying param­
eter values includ ing the holdi ng ti me T. 

Adding Sound Effects to the "Plane with Phasers" 
Program 

In Chapter I I we developed a program that fired 
phasers from a fighter plane. We will add some sound 

Figure 14.35 Program to produce a si ren sound. 

10 REt't SIRErl ,ICIISE 
15 H1PUT "HITER HO. C'r'CLES ".: t'IC 
20 H1PUT "HITER START H1t3 PITCH"; PI 
25 H1PUT "ErITER ErIDHIG PITCH".: P2 
30 H1PUT "HITER PITCH H1CREt1EHT" .: DP 
35 H1F'UT " EfITER HOLD! HI3 T m E" .: T 
40 1,/=4 : p= 15 : D=0 : G03UB 501;:) 
45 V==2:D::;:T 
50 FOR J= 1 TO t~C 
55 FOR P=Pl TO P2 STEP DP 
60 GOSUB 500 
55 HDn P 
7 '3 FOR P=P2 TO F' 1 STEP -liP 
75 GOSUE: 500 
B0 NEXT P 
85 "~E>n J 
90 P=0'GOSUB 500 
95 PRH n ' GOTI) 15 
50(1 REt'1 ~1AKE NOTE I,I=',/OICE P=PITCH D=DUt':ATI ON 
::,1.35 \~1:::36874+V : POKE \·'1 J P 
510 FOR 1=1 TO li'NEXT 
515 RETURt~ 
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effects to that program. The original program of 
Chapte r II will be unchanged except fo r the subrou­
tines for firing the left and right pha se rs. 

The phaser-firing subroutines will be modified to 

fire a single "bullet" that makes a noise each time it 
moves. These mod ified subroutines are shown in 
Figure 14.36. Lines 235 and 335 produce a phaser 
noise by ca ll ing subrout ine 1000. Lines 240 and 340 
erase the previously plotted "bu llet ". The old subrou­
tine at 400 that was used to crase the phaser is no 
longer needed. 

Figure 14.36 Phaser-firing subroutines modified to 
produce noise. 

200 REM FIRE LEFT PHRSER 
21'3 U=/<:-2 
220 FOR I,I=Y TO 0 STEP - 1 
230 GO!':;UB 500 : PR I t~T 11 fi: I' 

235 GOSUB 100(1 
24~1 CiO:=:UB 50(1; PFHH:' II 

245 t·iE><T 
25(1 F::ETUF.:t·~ 
3130 F:Ert F! RE ~: I GHT PHR:3E;;: 
310 U=~~;T2 

:320 FOR "/='r' TO 0 :3TEP - 1 
338 GOSUB 500: PR I t·n!l (I !! 

335 GO:::UB 10flO 
:341:':1 GO:::UB 5~H3: PRHH " II 

345 HE~-:r 
350 RETURN 

RERDY. 

Th e subrout ine to make the pha se r noise is 
shown in Figu re 14.37. The program in Figure 
14.34 has bee n modified to fit the plane program. 
Lines 11 00-11 10 turn on vo ice V at pitch P. Line 1000 
turns up the vo lume and 1010 selects vo ice V = 2 at 
duration D = I. The loop in lines 1020-1040 va ries the 
pitch from 135 to 200 in steps of 20 . 

When this modified plane program is run and a 
phase r is fired , a single bu llet is released , as shown in 
Figure 14.38 , and it makes a no ise as it moves along. 

The discussion of the various sound subrout ines for 
the VIC 20 prese nted in this section should enable yo u 
to add inte resting sound effects to your program. How 
to incorporate music into a VIC 20 program is 
described in Chapter 15. 

Figure 14.37 Subrou tine to produce phase r sound for 
figh ter plane. 

1000 \'/0=4' F'= 15 ' It=', 'GO:::UB 1 W0 
1010 '· ... O::::;2:D=l 
1020 FOR P=135 TO 200 STEP 213 
1030 GOSUB 1100'NEXT P 
1040 P=0' GOSUB 1 W0: RETURfI 
11>30 './ 1 ~35:374+'·,10' POKE '.,1 L P 
1110 RETURfl 
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Figure 14.38 A sing le bull et is fired from the plane 
and makes noise as it moves. 

MAKING SOUNDS WITH THE 
COMMODORE 64 

Thc Co mmodorc 64 has a co ntro llable sound sy nthe­
size r capable of producing the sou nd s of certai n 
musica l instruments with considerable fidelity. It is 
also capa blc of a wide va riety of sound effects. T he 
so und ca n be produced through the te levision set used 
for disp lay o r through a separate sound system. The 
latter approach is far better because the aud io channel 
of a television set is quite limited. 

The Commodore 64 has th ree independent but 
otherwise identica l voices, each capable of the same 
nine octave range. The so und of each vo ice has many 
programmable parameters. Each voice can indepen­
dently have one of four different waveforms: triangle, 
sawtooth, pulse (square/ on-off), or noise. In the 
pulsed waveform , thc pu lsewidth (relative "on" time 
versus "off" time) is controlla ble. 

The average amplitude/ volume of a note va ries 
with time according to an "envelope" with four 

Figure 14.39 ADSR paramete rs of a note. 

amplitude 

controllable parameters called attack, decay, sustain, 
and release (ADSR for short). In Figure 14.39, the 
average amplitude / volume envelope of a note is 
shown including the four phases corresponding to 
ADSR. Attack is the rate at which the note / sound 
reaches its maximum amplitude (volume) . Decay is 
the rate the note/ sound fall s from the maximum 
amplitude to a lower "sustained" level. Release is the 
rate the amp litude fa lls from the sustained level back 
to nothing. 

The parameters of sound a re a ll cont rolled by 
POKEing values into the range of addresses 54272-
54296. If we let RA = 54272 be the so und reference 
address, the first seven addresses starting with RA 
co ntro l vo ice 0, the next seve n control vo ice I , and the 
next seven contro l voice 2 as shown in Figure 14.40. 
Norma lly, the volu me of a ll voices, the waveforms, the 
pu lsewidths (where thc pulsed waveforms are spec­
ified) , the attack/ decay rates, a nd the sustain 
level ! release rate are all chosen once at the beginning 
of a program. The pitches / frequencies of notes are 
varied as each note is played. The on/ off addresses 
(wh ich happen also 10 specify the waveforms) are 
POKEd to turn the notes on a nd off. 

The ra nges of POKE values of va rious voice 
parameters are also shown in Figure 14.40. Note that 
the va lues of attack, decay. sustai n, release, volume, 
and the high byte of pulsewidth vary only from 0 to 15. 
The waveform va lues 17 , 33,65, and 129 serve to turn 
on the triangle, sawtooth, pulse, and noise waveforms , 
respect ively. The values 16,32,64, and 128 turn the 
same respective waveforms off. 

Producing a Tone 

Figure 14.4 1 conta ins a program for producing a series 
of single notcs on vo ice 0 of the Commodore 64. The 
subroutine at line 500 POKEs pitch P on for duration 

atlack --t-- "0' t M'''. t ,,',," 
--------... --- -

time 

susta in 
level 
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Figure 14.40 POKE addresses for producing sounds on 
the Commodore 64. 

Addresses Voic es POKE Va l ues 

RAlRA+7/ RA+14 9/1/2 8-255 
RA+I /RA+8/RA+15 8/1/2 8-255 
RA+2/ RA+9/ RA+ 16 8/ 1/2 8- 255 
RA+3/ RA+ 18/RA+ 17 0/ 1/ 2 8-15 

Parameter 

l ow byte of pitch 
high by te of pitch 
low byte of pulsewidth 
high byte of pulsew id th 

f 6/17 tri angle j 
RA+4/ RA+ I I/ RA+ 18 8/ 1/2 32/33 saw tooth off/ on and waveform 

64/65 pul se 
128/ 129 no ise 

RA+5/RA+12/ RA+19 0/1/2 8-15/8 -15 
RA+6/ RA+13/ RA+28 13/1/2 8-15/8 -15 

RA+24 8- 15 

eRA = 54272) 

D with waveform WF+ I, where WF is either 16,32, 
64, or 128. The va lues fo r P, D, a nd WF are specified 
outside the subroutine. Forconvenience, P is specified 
as a single va lue between 0 and 65535. Lines 5 10-520 
break P into high and low bytes and POKE them into 
the proper locations . Line 530 turns on the note and 
line 550 turns it off. Line 540 introduces a delay of 
duration D. Line 560 introduces a seco nd short delay 
to a llow time for the "sustain" prolongation of the note. 

Line 20 calls a subroutine at lin0300 that turns a ll 
voices off and turns the volume up. Line 25 a llows the 
entering of attack, decay, sustain, a nd release param-

Figure 14.41 Program to play single notes on voice 0 
of the Commodore 64. 

5 REr1 r'lRK nm SOUNDS 

a t tack/decay 
susta in/ release 
vo lume of al I voices 

eters from the keyboa rd. Line 30 allows a single va lue 
0-4096 to be en tered for the pulsewidth in the case that 
the pulse waveform is chosen . Line 40 calls a 
subroutine at 400 tha t sets the sound parameters. If the 
pu lse waveform is chosen, lines 420-430 break the 
pu lsewidth into high and low bytes and POK E them 
into the proper locations. Line 440 combines attack 
with decay and sustain with release and POKEs them 
into the proper locations. 

Finally, line 50 allows va lues for pitch and duration 
to be entered fro m the keyboard. Line 60 then ca lls the 
lone subroutine at line 500 a nd the no te is played. 

10 RR=54272: REt1 ~lU:3IC REGI::;TEf;:S REFEF:ENCE RDDRES::: 
20 GOSUB 300: REt1 TURH './0 I CE:3 OFF RfW "/OLUt'lE UP 
25 IHPUT "EtHER l~RVEFORt·l.. ATTRCK.. DECR'I.. SUSTA I H., RtW RELER:,:E" ; l'W ., RT , DE, ::;U . RE 
30 IF ,IF=64 THEH IHPUT "EtHEF: PULSE,lI DTH" ; l·l 
40 GOSUB 400: REt'l SET saUfW PRRRt'IETERS 
50 HlPUT "EtHER PITCH RND DURRTI OW ; P .. D 
60 GOSUB 500 : REt'l ~IRKE TONE 
70 GOTO 50 
300 REt'l TURfl VO I CE:3 OFF RHD VOLUt'lE UP 
~:10 FOR 1=0 TO 23: POKE RR+ L 0' HEn I 
320 POKE RA+24., 15 
33£1 RETURN 
4£10 REt'l SET SOUND PRRRt'lETER::; RT=RTTFICK DE=DECA'I o;U=:,:IJ:,;TRIH F:E=RELER2;E 
401 REt'l ,IF=,lRVEFOFJ'l ,l=PULSEl·lIDTH ( FOR flF=64 OflL'T';' 
410 IF ,lF0 64 THEN 440 
420 flH=H1T(W256): l'lL=fl-256tl'lH 
430 POKE RR+2 , l,lL : POKE RR+3.,l·lH 
440 POKE RA+5, 16tRT+DE 'POKE RR+6, 16'+SU+RE 
450 RETURN 
500 REt'l t'lRKE TONE P=PITCH D=DURRTI Ot'1 
510 PH=UH(P/256) : PL=P-256:+'PH 
52'" POf(E RR .. PL : F'OKE RR+ J., PH 
530 POKE RR+4, l~F + 1 
540 FOR 1=1 TO D: NE;·n I 
550 POKE RR+4, flF 
560 FOR 1=1 TO 50: NEXT I: REt'l SIJ2;TR IN TI t'lE 
570 RETURN 

RERD'f . 
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After playing the specified note, the main program 
loo ps back to line 50 so that another note with a 
different pitch and duration (but same waveform and 
ADSR parameters) ca n be selected. 

In order to tryout some notes , turn up the volume 
on your TV set and type in the progra m of Figure 
14.41. At the start , choose your pitches in the range 
4000-8000 and your du rations in the range 200-2000. 
Some waveform and ADS R values to try are shown in 
Figure 14.42. These values approximate the sounds of 
musical instruments as indicated. 

Figure 14.42 Parameter va lues app roximati ng the 
sound of musical instruments. 

WF AT DE SU RE W Inst rument 
------------------------------- ---------------_. 
16 4 15 e e clarinet 
16 e 9 e " ukelele 
32 e 9 e a banJo 
64 e 9 il e 40e banjo 
64 I 15 e " 400 organ 
32 I 15 t5 e organ 
16 I 15 15 e organ 
64 0 9 e e 256 gu i tar 
64 e 9 e 0 2000 ukelele 
32 5 8 t2 3 v ia l in-l iV,e 
64 9 e 15 3 213e0 s ynthesizer 

Figure 14.43 Program for playing musical scales on the 
Commodore 64. 

5 REI'l l'lf1f( IHG '3CALE'=' 

Making Scales 

The musical quality of the Commodore 64 can better 
be judged by playing some scales. The program of 
Figure 14.43 is an adaptation of the above tone­
producing program forthe purpose of playing musical 
scales. Notice the subroutines for (I) turning the voices 
off and the volume up (2) setting the sound paramete rs, 
and (3) producing tones a t lines 300, 400, and 500, 
respectively, are unchanged. 

Line 110 contains the values recommended by 
Commodore for an ascending C major scale. Line 120 
co ntains the same values in reverse order to fo rm a 
descending version of the same scale, following by the 
va lue - I. The la tter serves to mark the end of the song. 
Lines 25-30 a llow the user to specify the waveform , 
pu lsewidth (if appropriate), and ADSR parameters. 
Line 45 chooses the duration 0 for each note. The loop 
in lines 50- 60 plays the sca le using the data in lines 110 
and 120. The program then loops back to line 25 so 
new parameters can be chosen. 

Make the necessary mod ifications to the previous 
program to obtai n the program of Figure 14.43. Then, 
execute the program with various parameter values 
such as those suggested in Figure 14.42. Just for fun, 
choose WF= 128 at least once. 

10 RA~54272 : REi'l l'lU31C REGISTERS REFERErlCE ADDRESS 
20 GOSUB 300: REI'l TUF:I'I I/O I CES OFF AND ',OLUI'lE UP 
25 H IPUT "ErnEI': ~·m'·,IEFORt·l, RTTACK, DEeA',' .. '='USTA H I, ArW RELEASE " ; WF , AT, DE , SU, RE 
3 (1 IF ,W=64 THEN HWUT " ErnEF.: PULSE~,IDTH" ; ~'I 
4(1 GO~'UE: 40'j: REI1 '3ET ~'OU )·m PARAI'lETER::; 
45 D<~(1iJ: RE ~l :,;ET DUr;:FH JON THE)'I F'LA'T' ,=a::ALE : 
50 READ p : IF F'{ 1:1 THE:J'I F.:ESTOF:E : GDTO 25 
60 GO:::UB 5130: OOT O 50 
100 REM C MAJOR SCALE 
110 DRTA 429 1~ 48 17 ,5407 / 5728 , 6430 J7217,8101 ,8583 
12E1 DFiT R :3583 , ::: 10 1 .. (21 7) 1:'430! 5728 .. 540? J 4:::17! 4291 .. --1 
300 REl'l TUR)'I '·,10 I CE'=' OFF Arm '·,IOLUI·lE UF' 
:,:10 FOR 1=0 TO 23:POKE RR+J.. 0 : )·IE:":T I 
32121 POKE RR+24!15 
330 RETUF:fI 
400 REI'I SET '301lND PARAI'1ETER',' AT=ATTRCf( DE=DECR'T' SlI=BU'3TRm RE=I':ELERSE 
40 1 REI'l ~'F= ~·IA \IEFOR~l ~'I =PlIL SE ~'IIDTH ( FOR ~-IF=64 OHL'O 
4 10 IF WF{>64 THEH 440 
420 ,IH~ INT( ~'1/256): ~·IL=~·1-256~ ~·I H 
430 POKE RA+2 , ~'I L : POI(E F:A+ 3 , WH 
440 POf(E RA+5 .. 16* AT + DE : PO,:E F:A+6 .. 1F:;*~'U+RE 
450 RETURrl 
500 REI'I l'lA,:E )·m TE P=PITCH D=DURATI Ot-1 
510 PH= INT(P/256 ):PL;P-256*PH 
520 POKE RA,PL: POKE RA+l,PH 
530 POKE RA+4.WF+l 
540 FOR 1=1 TO D : NEXT I 
550 PO~~E RR+4 , L·JF 
560 FOR I :;;: 1 TO 5(1: ~~ E::<T I 
57(1 RETUr;:rl 
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Producing Multiple Clicks 

Let us now consider producing some simple sou nd 
effects using essentially the same subroutines fo r 
turning up the volume, setting sound parameters, and 
producing tones. For simplicity, we have simplified 
the latter two subroutines. We have omitted the lines 
for setting the pulsewidth in the "setting sou nd 
parameters" subroutine and we have dropped the 
sustain delay in the " producing tones" subroutine . 

Figure 14.44 contains a program to produce N 
clicks with a time separation S at pitch P . Line 25 
chooses the sawtooth waveform and a particular set o f 
ADS R parameters and sets them. Lines 30-40 allow 
the pitch, time separatio n, and number o f clicks to be 
entered from the keyboard . Make the modifications 
necessary to create this program and try it with various 
pitches P, time separations S , and number of clicks N. 
In pa rticular, try P=2000 and P=32000 with S= I a nd 
N= 60 . This gives a click and a blip , respectively, every 
second for one minute. Check the clicks a nd blips 
aga inst your watch . 

Producing a Phaser Noise 

If you repeatedly call the tone subroutine of Figure 
14.44 with different pitch values 1', you can produce a 

Figure 14,44 Program to produce N clicks with 
separation 5 and pitch P. 

variety of effects. For example, the program shown in 
Figure 14.45 produces "phaser" no ises consisting of 
NC cycles ofa sound in which the pitch var ies fro m PI 
to P2 in steps o f DP. 

To hear what this noise sounds like, execute the 
program and enter from the keyboa rd NC= 10, PI = 
8000, 1'2 = 5000, and DP = -400 . Note that the pitch 
varies from high to low each cycle. Try a variety of 
different values for NC, P I. 1'2 , and 01'. 

Producing a Siren Sound 

A siren noise can be produced by repeatedly calling the 
tone subroutine, first with increasing va lues of P, and 
then with decreasing values of P. The program is shown 
in Figure 14.46. 

In lines 30-50 , the use r is asked to choose values for 
the number of cycles NC, the sta rting pitch PI , the 
ending pitch P2 , the pitch increment 01', and the 
holding time T, which controls the a mo unt of time 
each pitch is held . The volume is turned lip in line 20 
and the waveform and ADSR parameters are set in 
line 25. The inner loop in lines 60- 70 creates a wail in 
asce nding pitch and that in lines 75-85 produces one in 
desce nding pitch. The outer loo p in lines 55 and 90 
counts the cycles. Line 95 turns the voice off and then 
loops to allow a new choice of pa ra meters. 

5 RE~1 I'IAKE N CLI CK:3 m TH SPAC 1 NO S Arm PITCH P 
10 RA=54272 : REI1 1'lUS 1 C REG I STERS REFEREr1CE ADDRESS 
20 GOSUB 300 : RE~1 TURN \'0 I CES OFF AND VOUJI'IE UP 
25 ~IF=32 : AT=1 : DE=15 : :::1.1=0 : RE=0: GOSLIB 400 
30 IrlPUT "ENTER PITCH"; P 
35 INPUT "ErITER SEPARATI ON (SEc) " ; S 
40 INPUT "ErITER NU~lBER OF CLI U:S" .: N 
45 D=1 
50 FOR .J=1 TO r1 
55 GOSUB 500 
60 FOR 1=1 TO 730*:::: NE;,T I 
65 r1EXT .] 
70 GOTO 30 
300 REI'1 TlIRr1 VOICES OFF Arm VOLUI'IE UF' 
310 FOR I =0 TO 23 : Po;:E F:A+ L 0 : !·1EXT I 
320 POKE RA+24,15 
330 RETURr1 
400 REI'1 SET SOllrW PARAI'IETEF:S AT=ATTACK DE=DECA',' W =SUSTAI N RE=RELEASE 
440 POKE RA+5 , 16*AT+DE : POKE RA+6, 16*SlI+RE 
450 RETURN 
5130 REI1 1'lAKE TOt-1E P=PITCH D=DURATIOt~ 
5113 PH= I r1T(P!256 ): PL=P-256* PH 
520 POKE RA,PL :POKE RA+1,PH 
530 POKE RA+4,WF+1 
540 FOR 1=1 TO D:NEXT I 
550 POKE RA+4,WF 
570 RETURN 
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Figure 14.45 Program to make a phaser noise. 

5 REf1 PHRSER fm 1 SE 
10 RR=54272: REt'l t'lUS 1 C RE[; 1 STERS F:EFEREflCE RDD~:E:3:,: 
20 GDSUB 308: REt'l TURN ',/0 I CES OFF AI,D ',,10LUME UP 
25 l'JF==32: AT==l : DE=15: SU==0: F.:E=0: GOSUB 4121121 
:;:121 It'~PUT IIE~nER NO. C'T'CLE::;'I.; r·iI:: 
35 H1PUT "EIHER STRRTING PITCH" ,: PI 
40 jflPUT " ErnE"-: EI'lDHlG PITCH" ,: P2 
45 HlPUT "EtHER PITCH H1CREt'lEI-lT" ,: DP 
50 FOR 3=1 TO 1'1 
55 D=10:FOR J=1 TO NC 
613 FOR F'=P 1 TO P2 ,::TEP DP 
65 OOSUB 5[1121 
70 flEXT P 
75 flEi<:T 3 
80 (;OTO :30 
300 REt'l TURN './01 CE:,: OFF Ai'in \lOLUt'lE UP 
31\.3 FOR 1=121 TO 23:POKE F:A+I.·e:HE>n I 
320 Pot<E RR+24 .. 15 
330 RETURH 
400 REfo1 SET ,::OUND PAF:AI'lETEF:3 RT=RTTRct< DE=DECRY :3U=SUSTR Hl F:E=F:ELERSE 
440 POKE RR+5, 16*RT+DE:POKE RR+6, 16iSU+RE 
u5B RETURfl 
500 REM MAKE TONE P=PITCH D=DURRTION 
51~3 PH=H~T(P/256): PL=P-256*,PH 
520 POKE RA .. PL:POKE RA+l .. PH 
530 POKE RA+4,WF+l 
54121 FOR 1=1 TO D:NEXT I 
550 F'OKE RR+4" I';F 
570 F:ETURfl 

F:EAD,' • 

Figure 14.46 Program to produce a siren sound. 

5 REt'l SIREI'! flO 1 BE 
10 RA=54272: REt'l t'lU:,:IC REGI:3TER~: REFEREtlCE ADDRE% 
20 GO,::UE 3cH,,: REt'l TURrJ \101 CES OFF FlrlD \/OUJt'lE UP 
25 ~JF;:;;:16: AT:;:: 1 : DE=9 ; SU=::::: RE=15: t30~;UB 400 
30 1 NPUT "HnER fjIJ. C'r'CLEB"; NC 
35 H1PUT "HnE": STARTHlCi PITCH"; PI 
413 HlPUT "HnER HlDHlCi PITCH"; P2 
45 HlPUT "EHTER PITCH HlCREt'lEHl"; DF' 
50 IflPUT "EHlEF: HOLD I HG T It'1E " ,: D 
55 FOR ,]=1 TO He 
60 FOR F'=P 1 TO P2 STEP DP 
65 GOSUE: 50~3 
70 HEXT P 
75 FOR P=P2 TO PI :3TEP -DP 
80 GOSUl:: 500 
85 I,EXT P 
913 11E)~T ,J 
95 GOSUB 300:GOTO 30 
~:00 REt1 TURtl \10 I CES OFF Arm \'OLUt'lE UF' 
3113 FOR 1=0 TO 23: POKE I<:R+I, 13: flE:>n 1 
320 POKE F.:A+24 I 15 
3313 RETURrJ 
4130 REt'l :3ET :30UHD PARAt'lETERS RT=ATTACf': DE=DECA'T' SU=SUSTRHl RE=RELEA:,:E 
440 POKE RA+5, 16*AT+ DE : POKE RA+6, 16*,::IJ+RE 
450 RETURfl 
51313 REt'l PlAKE TOt,E P=PITCH D=DURATIOfl 
510 PH=INT (P/256) : PL;:;P-256:+:PH 
52'3 POKE RA, F'L : PO,::E RA+ 1 , PH 
5313 PO,~E RA+4, I,jp + 1 
5413 FOR 1=1 TO D:HEXT 1 
550 POKE RA+4, l'lF 
570 RETUf;N 
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Run this program for the following values: NC= 4, 
PI = 10000, P2 = 17000, DP = 200 and T = 10. 
Experiment with other va lues. 

Adding Sound Effects to the 
"Plane with Phasers" Program 

Recall in Chapter 11 , we developed a program that 
fires phasers from a fighter plane. We will add some 
sound effects to that program for the Commodore 64. 
The original program of Chapter II (Figure 11.19) will 
be unchanged except to add a subroutine to initial ize 
the sound parameters and to modify the subrout ines 
for firing the left and right phasers. 

The phaser-firing subroutines wi ll be modified to 
fire a single "bullet" that makes a noise each time it 
moves. These modified subrout ines are shown in 
Figure 14.47. Lines 235 and 335 produce a phaser 
noise by calling subroutine 1000. Lines 240 and 340 
erase the previously plotted "bu llet". The old subrou­
tine at 400 that was used to erase the phaser is no 
longer needed. 

Figure 14.47 Phaser-firing subrout ines modified to 
produce noise. 

2m3 REt'j FIRE LEFT PHASER 
210 U=~:-2 
220 FOR V=Y TO 0 STEP -1 
230 GOSUB 500: PRINT u e" 
235 GOSUB 1000 
240 C;OSUB 500 : PR I ~n II II 

245 NEXT 
250 RETURt, 
300 REM FIRE RIGHT PHASER 
310 U=,,;+2 
32[' FOR './='i TO 0 E:TEP -1 
330 GOSUB 500 :PRINT "O" 
335 GOSUB 10010 
340 GOSUB 500: PR!tiT " " 
345 NE;<T 
350 RETURH 

READ'i. 

Figure 14.48 Sound producing subroutines for the 
plane with phasers. 

The subroutines to make the phaser noise are 
shown in Figure 14.48. The subroutines in Figure 
14.45 have been modified to fit the plane program. 
Lines 900-930 contain a combined subroutine to turn 
off a ll voices, turn up the volume, and set the 
waveform and ADRS parameters. Line 930 ch ooses 
0= I, P 1= 6000 , P2=5000, and DP=-500. To call this 
subroutine, you should modify line 10 of the old main 
program to read: 10 PRINT "CLR": X=I O: Y=IO: 
GOSUB 900. 

Lines 1000-1070 conta in a combined subrouti ne to 
control the phaser sound and to produce tones. When 
this modified plane program is run and a phaser is 
fired , a single bullet is released , as shown in Figure 
14.38, and it makes a noise as it moves along. 

The various sound subroutines fo r the Comm odo re 
64 presented in this sect ion should enable you to add 
interesting sound ef fects to your programs. How to 
incorporate music into a Commodore 64 program is 
described in more detail in Cha pter 15. 

DEFINING YOUR OWN GRAPHIC 
CHARACTERS 

Appendix C conta ins the internal character set of the 
Commodore 64/ VIC 20 . This character set is stored in 
ROM starting at memory location 32768 on the VIC 
20 and 53248 on the Commodore 64. Each character 
uses eight consecutive memory locations for its 
defini tion. The character is defined on an 8 X 8 grid 
whe re each row of the grid corresponds to a separate 
memory location and each column in the gr id 
correspond s to one of the 8 bit s in the data byte (0-255) 
sto red at a particular location. 

The characters given in Append ix C are listed in the 
order in which they are stored in ROM. Cha ractcr @ is 
O. Character A is I; therefore its definition sta rt s at 
location 32768 + 8* I on the VIC 20 and 53248 + 8* I on 
the Commodore 64 (remember, each definition takes 

9130 RA=54272: FOR 1 =.;; TO 23: POKE RA+ 1 .. 13 · NE>n I : POf(E RA+24 , 15 
3 10 ,JF=32 : AT= 1 : DE~1 5: ~:U=(" RE =13 
920 POKE RF1+5, 16*RT+DE : F'OKE RA+6,16'fSU+RE 
930 D= 1 : PI =6131313 : P2=5""30 : DP=-5013 : RETURN 
1131013 FOr<: P=Pl TO P2 ~nEP DP 
1010 PH=ItH ( P! 256 >: PL =F'-256* PH 
113213 POKE RA , PL : POKE RR+l, PH 
113313 POf( E RA+4 , I·JF + 1 
11340 FOR 1=1 TO D:HEXT 1 
11350 POKE RR+4,1,JF 
10613 NEXT 'P 
113713 F:ETURt·J 

RERD'i. 
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eight memory locations). In order to list the 8 bytes 
used to define the letter A, lype in and run whichever 
of the fo ll owing programs is appropr iate. The result 
in the case of the Commodo re 64 is shown in Fig­
ure 14.49. 

10 REM VIC 20 PROG RAM 

20 FOR J =O TO 7 

30 ? PE EK(32768+8* I+ J) 

40 NEXT J 

10 REM COMMODO RE 64 PROGRAM 

20 POK E 56334, P EEK(56334) AN D 254 

30 POKE I,P EE K(I ) AND 25 1 

40 FOR J = O TO 7 

50 ? PEEK(53248+8* I+ J) 

60 NEXT J 

70 POKE I,P EE K( I) OR 4 

80 POK E 56334, PEEK(56334) OR I 

The above VIC 20 program is more straightforwa rd 
than the Commodore 64 program. In the latter, lines 
30 and 70 serve to switch the cha racter set RO M into 
the memo ry loca ti ons starting at 53248 and then out 
agaIn. Norma ll y, these locations are used as 
input / output loca tions on t he Commodore 64 and the 
ROM ca n't be seen. T his ill ustrates wha t we discussed 
earlier: namel y. so me memory locations serve a dua l 
purpose. Lines 20 and 80 serve to disable the keyboard 
whi le the characte r set ROM is switched in and then 
enab le it once more. This is a safety feature. If a key is 
depressed when the I/ O starling at 53248 is switched 
out , very strange things ca n happen. 

Figure 14.49 PEEKing the eigh t va lues used to define 
the lette r A. 

8 POKE 56334L PEEK(56334) AND 254 
8 POKE I~PEE~(I) AND 251 

FOR J=u TO 1 
58 PRI NT P[[K(53248+8*I+J) 
Gil NEXT J . 
76 POKE 1 P[EK(I) OR 4 
811 POKE 5t334.PEEK(56334) OR 1 
!IEADV. 
IIIIN 
,24 
: 68 
i 182 
; i26 
: 1.82 
t 182 I jll2 
REilDV . 

The relat ionship betwee n the eight values in Figu re 
14.49 and the leller A is shown in Figure 14.50. Note 
that each row of the 8 X 8 gr id has a number associated 
with it. The nu mber is eq ual to the sum of the numbers 
a t the top of each column in which a bit is "on", An 
"on" b it correspo nds to a displayed point. 

Now that you understand how the Commodore 
64 / VIC 20 defines the leller A (and all other char­
acters). you may wonder if you can define your own 
characters. You ca n. First you must define the new 
characters you wa nt on an 8 X 8 grid . Then you must 
sto re these eigh t va lues in the cha racte r se t table. How 
ca n yo u do this when th is tab le is in ROM (read onl y 
memory)'! You must fi rst move the character set table 
into RAM (read / write memory) and then tell the 
Commodore 64 / VI C 20 where you moved it. 

16 + B = 24 

32 + 16 + B + 4 = 60 

64 + 32 + 4 + 2 :::: 102 

64 + 32 + 16 + 8 + 4 + 2 :::: 126 

64 + 32 + 4 + 2 :::: 102 

64 + 32 + 4 + 2 = 102 

64 + 32 + 4 + 2 :::: 102 

L-_____ --' 0 

Figure 14.50 Defining the leller A. 

To demonstra te how to gene rate our own charac­
ters. it will surrice to use a lim ited charac ter set with 
onl y 64 characte rs. Because an unmodified VIC 20 has 
only 5 K bytes of RAM, this is about a ll it can handle 
beca use 64 cha racters takes 64*8 ;;: 5 12 bytes of 
memory to sto re. Exam inatio n or Appendix C revea ls 
lhat all or the uppercase lellers, digits, and punctu­
'Hion symbols arc co nta ined in the fi rst 64 characters 
in the ROM charac ter set. 

On the VIC 20, memory locatio n 7168 is a 
co nve nient place to store 5 12 bytes of cha racter 
information. i.e. 64 charac ters. O n the Commodore 
64, memory location 12288 is a similar place. T he VIC 
20 uses the co ntents of memo ry location 36869 to tell 
where the characte r set is located. By POKEing the 
va lue 255 into address 36869. an un modified VIC 20 
will look for cha racter i nf orma tio n start ing at location 
7 168. If the VIC20 has a mem ory expa nsion, the va lue 
to be POKEd changes to 207. Simi larly, by POKEing 
the value 28 into locat io n 53272 , it turns out the 
Commodore 64 will look ro r cha racte r information 
starring at locat io n 12288. 

The fo llowing loop will copy the first 5 12 bytes of 
the VIC 20 character set in ROM into the new location 
in RAM: 
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130 FOR 1=0 TO 64*8-1 

140 POKE 7168+I,PEEK(32768+1) 

ISO NEXT I 

The same loop will work on the Commodore 64 
with line 140 changed to read : 140 POKE 
12288+ I,PEEK(S3248+ I). 

To demonstrate making our own characters, let us 
replace the digits 0-9 in the normal character set. 
respective ly, by the tcn new sy mbols shown in Figure 
14.51. These new symbols consist of the bla nkspace. 
eight directional arrows, and the reverse video 
blankspace. 

If you have a VIC 20, consider the program listing 
of Figure 14.52 and , if you have a Commodore 64, 
consider that of Figure 14.53. In each case, lines 205-
250 contain the definitions of the above new symbols. 
Line 205 defines the blankspace and line 250 defines 
the reverse video blankspace. The directional arrows 
are defined in lines 210-245 starting with the up-right 
arrow and then defining in order the right , down-right , 
down, down-left, left. up-left , and up a rrows. The 

Figure 14.51 New graphic symbols to replace the d igits. 

o 

4 5 

6 9 
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definitions of these characters ca n eas ily be derived 
from Figure 14.51 by the method described earlier for 
the letter A. Note that in all cases, the bottom row and 
the rightmost column are left blank to provide a 
separation between adjacent characters. 

In bot h programs. lines 100-250 co nta in a subrou­
tine that subst itutes the new symbols for the digits 0-9. 
Line 11 0 directs the computer to look for its character 
information in RAM and lines 130-150 copy 64 
characters from ROM into RAM. (If yo u have a VIC 
20 with a memory expa nsion, change the va lue 255 to 

207 in line 110.) Lines 170- 190 POKE the new 
character definitions into the RA M cha racter set in 
place of the digits 0-9. Note that the screen POK E code 
for 0 is 48 and that for 9 is 58. This explains the values 
in the FOR statement of line 170. 

Lines 10-40 form the main progra m. In line 20 , the 
program prints "WA IT" since changing the character 
set takes time. In line 30, the new characters are 
PRI NTed out once in a row. Following execution of 
the program, of course, the new characters are st ill in 
force. This makes it possible to draw pictures with the 
new symbols as shown in Figure 14.54. 

2 3 

6 7 



Figure 14.52 VIC 20 program to display new graphic 
characters in place of digits. 

10 REI'! DI ~:F'LF1'r CU~:not-l CHARF1CTE":~: 
20 PF~ IHT ":1J\J.oIR IT" : CiD:::UB 100: "HI :::ETUP CUSTOJ'! CHARACTER~: 
30 FOF: 1~48 Tel 57 : PR HH CHR$(]).: : t'IE:,n I 
4>:' aID 
100 REI'! :::ET-UP CU'::Tot-! CiRAF'H IC~: CHARACTER':: 
110 POKE 36369 ,255: REI'1 Tf1KE CHAPF1CTEF: H IFO FROr! ":A t·! 
12'3 REt'l cop,' CHRF:Ac:TER::: FROI'1 ROI'! UITO RAt·! 
130 FOR 1~0 TO 6418- 1 
140 POKE 71 6:3+ L PEEI'~ (:;:276 :3+ ]) 
150 flDn I 
160 REt1 REPLACE DlCiITS B'/ CUSTCtJol CHAF:ACTER::: 
17'21 FOR 1=48:+':=: TO 58:+::::-1 
180 READ D:POKE 7168+I,D 
190 flE:~T I 
200 RETURt·1 
205 DATA 0,0 , 0,0,0)0,'21,0 
210 DATA 30,6 . 10,18,32164.128,0 
215 DATA 16,8.4.25414,8116113 
220 DATA 128,64,32, 18,10,6,30,0 
225 DRTA 16,16,161146,84,56,16,0 
2::::0 DFiTR 2 ) 4,8,144 .. 1613 .. 192, 240.·1!:1 
235 DATA 16 .. :32, 64 .. 254 , 64 .. :32 .. 16 .. 0 
240 DATA 24€1, 192 .. 160 .. 144,8,4, 2 .. ~1 
245 DATA 16,56,84,144,16,16 , 16,0 
25'21 DATA 254 .. 254 J 254 I 254) 254 .,254.,254., 0 

F~EAD'r • 

Figure 14.53 Commodore 64 program to d isplay new 
graphic characte rs in place of digits. 

10 REt·! DISPLR'r CUSTOr! CHARRCTER::: 
20 PRIHT ":J)l·IR IT " : Ci08lJB H:>0 : FH! ~'ETIJP CUSTOI'1 CHRRACTERS 
30 FOR I ~43 TO 57 : PR HIT CHR$ ( I ).: : rlEi<T I 
40 EfID 
1(10 RH1 SET -up c:u~nOt·! GRAPH I CS CHARRCTERS 
110 pm:E 53272,28 : REr! TA,~E CHARACTER I NFO FROI'! RRt·! 
114 POKE 56:3:34, PEEH 56:3c:4;' At·m 254: REt'! IGNOF~ KE'rBOARD HITERRURTS 
117 POKE L F'EEI(( 1) ArID 251: FH! sm TCH HI CHARACTEF: ":Ot-! 
120 REt·! COP'r CHRRACTERS FROI'! RDt'1 HITO ":Ar! 
130 FOF~ 1~0 TO 64*:3-1 
140 POKE 122:::8+ I , PEEK ( 5:3248+ I ) 
150 flEXT I 
154 F'm':E 1, PEE" ( 1) OR 4: "HI :3tHTCH OUT CHA":Ac:TER ROt-! 
157 pm:E 56334 .. PEEV(563:34:" 0": 1: "H! EflRBEL I<E'rBOARD INTERRUPTS 
16'3 REt·! REPLF1CE DIGIT::: B'r CIJ;3TOt'1 CHARACTEF:S 
17(:1 FOR I ::;:4t::+:8 TO 58:+:8-1 
180 READ D:POKE 12288+I,D 
190 flD:T I 
200 RETURtl 
205 DATA 0 ,0,0Ie ~O )0 .0 . 0 
210 DATA 30,6 ~le ,18.32,64/128,0 
215 DATA 16.8.4,254.4,8,16,0 
220 DATA 128,64,32,18.10.6,30,0 
225 DATA 16,16.16, 14b.84.56,16,0 
231:':1 DATR 2 .,4 .. t:, 144 J 160 J 192,240., [:I 
235 DATA 16.32 . 64,254 , 64,32.16. 0 
24(1 DATA 240,192 .,166,144,8,4 .2) 0 
2'~5 DATA 16 ,56,84,144.16, 16J16 ,0 
250 DATA 254.,254,254 . 254 .. 254, 2 ~:A., 254, 0 

F:EAD'r . 
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h~Wf.F,.'t. 
EADY. 
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)'." )'.'11 -H ... -H-H _ +7 

-H ... -H-H _ +7 
" •• )' 'II • i' 
+h ~ .......... 

• ++ • . )')' '.". ItH U ~ 
• '\!'. .t.t. 
• f+ • -

Figure 14.54 Drawing pictures with the new graphi c 
symbols. 

SPRITE GRAPHICS ON THE 
COMMODORE 64 

The Commodore 64 has a n ad vanced mode of 
graphics beyond anything ava ilable on the VI C 20. 
Using this mode, it is possible to create and move 

YEllOW fORESAil (S PRITE 1) 

about on the screen as many as 8 small figures called 
sprites. Such fi gures are particula rly appropriate fo r 
video games. Creation and contro l of sprites is 
accomplished tota lly by POKEing memory locations. 
In this section , we shall illustra te the use of Sprite 
gra phics by drawing a multicolo red sailboat that goes 
sa iling on the screen. 

A sprite is a fi gure contained in a 24 X 2 ) grid. Our 
sailboat is shown dra wn in such a grid in Figure 14.55. 
To make our sa ilboat multicolo red, we shall actua lly 
create three distinct sprites. Sprite 0 will be a white 
hull ; Sprite I wi ll be a yell ow foresail ; a nd Sprite 2 will 
be a light red ma insa il. 

The definiti on of a sprite is co ntained in a bl ock of 
64 co nsecutive memory loca ti ons. The last loca tion, 
however, is not used. The sprite data in the first 63 
loca ti ons co nsists of a sca n of the sprite pictu re 
rowwise from to p to bottom. The first three locations 
define the left , middle, a nd right third s of the to p row 
of the sprite. T he next three locati ons define the left , 
midd le, a nd right third s of th e seco nd row of the 
sprite, etc. 

Each memory location in the sprite defini tion 
co ntrols 8 adjacent picture elements. These picture 

LI G HT RED MAINSAil (S PR ITE 2) 

e e e Figure 14.55 Design of a sprite sa ilboat fo r the 

e e Commodore 64. 
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127 255 254 
63 255 252 
31 255 2411 
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WHITE HUll (S PRITE 0) 
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elements have weights 128, 64, 32, 16, 8, 4, 2, and I 
from left-to-right. To compute the va lue to be POKEd 
into a memory locat ion, we add up the weights of the 
picture elements that a re "on" (colored). This is 
exactly the same method that is used to define the rows 
of screen characters, as was discussed in the previous 
section. 

The spri te data for our sa ilboat is shown in Figure 
14.56. In Figure 14.55, we show the sprite data we 
would use to create the enti re sailboat with one sprite. 
To create a multicolored sailboat, we divide the spri te 
da ta into th ree pa rts and replace by 0 a ll values shown 
in F igure 14.55 that are outside of the part icu lar part 
of the sail boat we are desc ri b ing. For example, the 
data for the hull begins with 5 1 consecutive O's to blank 
the first 17 rows of Sprite 0 (where the sails will be). 

The memory locations that create and control 
sprites start with V = 53248. Figure 14.57 shows these 
memory locatio ns and the data that is POKEd into 
each location. Location V+ 21 turns the sprites on and 
off. This is done in the usual fash ion using the weights 
I, 2, 4. 8, 16. 32, 64 . and 128 for sprites 0-7 
respectively. For example, to !Urn on spri tes 0,3. and 
7, we POKE 1+8+ 128 = 137 into location V+21. 

Locat ions V to V + 16 determine the posit ions of the 
sprites on the scree n as indicated in Figure 14.57. The 
entire scree n is a grid that is 40*8 X 25*8 = 320 X 200 
picture elements in size . To position a sprite on the 
screen, the di stance from the top edge of the screen to 
the upper left co rner of the sprite is POKEd into the Y 
position for that sprite. To be viewed on the sc reen, 
this va lue of Y must lie be tween 50 and 229. Similarly. 
the dista nce from the left edge of the screen to the 
upper left corner of the sprite is POKEd into the X 
position for that sprite. Any value for X between 24 
and 255 is viewable. 

However. there are viewable sprite posit ions st ill 
further to the right of the positio n where X = 255. To 
position the sprite further to the right, one POKEs the 
proper bit of locat ion V+ 16 with a I (which is like 
adding 256 to the value of X) and then POKEing the 

Figure 14.56 Data for a sprite sailboat on the 
Commodore 64. 

30(t REI't BOAT HULL 

Figure 14.57 Memory locations for creating and 
controlling sprites. 

memory 
location 

V 
V+t 
V+2 
V+3 
V+4 
V+5 
V+d 
V+7 
V+S 
V+9 
V+ IO 
V+ II 
V+12 
V+13 
V+14 
V+15 
V+16 
V+21 
V+23 
V+29 
V+39 
V+49 
V+ 41 
V+42 
V+43 
V+44 
V+45 
V+46 

(V = 53248) 

data 

X position - Sprite e 
Y pos ition -
X position - Sprite 
Y pos i tion -
X position - Sprite 2 
Y position -
X position - Sprite 3 
Y position -
X position - Sprite 4 
Y pos.i ti on -
X position - Sprite 5 
Y position -
X position - Sprite 6 
Y pos.i ti on -
X position - Sprite 7 
Y position -
MSB X position - Sprites 0-7 
Enab l e/disab l e - Sprites 0-7 
Vertical expansion - Sprites 9- 7 
Horizontal expansion - Sprites 9-7 
Color - Sprite 9 
Color - Sprite 1 
Color - Sprite 2 
Color - Sprite 3 
Color - Sprite 4 
Co l or - Sprite 5 
Co lor - Sprite 6 
Color - Sprite 7 

d ifference between the desired horizontal distance a nd 
256 into thc X posi tion fo r tha t spri te. To be viewable, 
this difference must lie between 0 and 65. For example, 
to posi tion sprite 4 exactly 280 un its from the left 
edgc. use 

POKE V+16,PEEK(V+J6) OR 16:POKE V+8,24 

The first POKE sets the most significant bit (MSB) of 
Sprite 4 to I and the second POKEs the remaining 
distance 280 - 256 = 24 into the X position of Sprite 4. 

Loca tio ns V+ 23 and V+29, respectively, allow the 
size of a sprite to be doubled in the vertical and 

305 DATA 0,0,0,B,0JO,0,O,0,O,O,0,0,0,0 , 0,0,0,0,0,0 
310 DATA 0,0,0,0 , 0,0,0,O,0J0,0,0,0J0,0,O,0,0,0,010 
3 15 DATA 0,0.0,0,0,0,0,0,0,127,255.254,63,255,252.31, 255,248,0,0,0 
320 REf't FORE,,;A I L 
325 DATA 0,O.0 ,0 .0,0,l,0,O,l,0,0,3,0,0,3,0,0 , 7,0J0 
330~ATA 7,0, 0,15 ,0,0J15 ,0,0, 3 1,0, O,31,0 ,0 ,63,0 .0, 63,0 ,0 
335 DATA 127, 0,B,127,0,O,0,0,0,0,0,0 , 0,0 ,0,0, 0 ,0 ,O,0,0 
340 REt't t'tAHI3AIL 
345 DATA 0,0,0,0J128.0,O,192,O,0,224,0 , O,240,010,248,0,0, 252 ,0 
350 DATt1 (1,2541121 .. 121,255,0 , 0,255, 128 .. 0,255 .. 192 .. 0.· ;;::55 .. 224, 0 .. 255 .. 240 , (I., 255, 248 
355 DATA 0,255,252,0J255,254,0,0,B,0,010,0,0,0,0,0,0,0,0,0 

READ''> , 
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horizontal direct ions. The particular sprite is c hosen 
as usual by us ing the above weights. For example, to 
double the s ize of S prite 2 in the horizonta l d irec­
tion , use 

POKE V+29,PEEK(V+29) OR 4 

Fi na lly, the locations V+ 39 through V+46 determine 
the color of Sprites 0-7, respectively. The color 
nu mbers to use are the standard va lues 0-1 5 as given in 
Figure 14.5b. 

The main program for producing a multicolored 
sa ilboat us ing spr ites is given in Figure 14.58. Line 20 

clears the scree n and POK Es the co lor light blue int o 
the background co lor, locat ion 5328 1. T he result is to 
make the en tire sc reen light blue in color li ke an ocea n 
o r a lake. Line 25 ass igns memo ry space for Spritcs 0-2 
and lines 30-40 read and POK E the data fo r the hull , 
fo resail, a nd main sail in to Sprites 0-2, respectively. 
Line 45 se ts the hull. fo resai l, and mainsail co lors to 
wh ite. yellow. a nd light red , respec tively. Line 50 
e nables Spri tes 0-2 and li ne 55 turns off all MSBs. 

The loop in lines 65- 80 causes the th ree Spri tes to 
move in synchron izat io n from right to left ac ross the 
screen. Line 75 is a de lay loop that makes the motion 
relati vely slow. On exi t from the outer loop, line 85 
turns off the sprites and line 90 restores the back­
gro und color to dark blue. Type in this program and 
the data from Figure 14.56 and go sa iling fo r awh ile! 

You ca n doub le the width of the sail boat by add ing 
the s tateme nt 57 POKE V+ 29 ,7. You can doub le the 
height of the sa ilboat by add ing the statement 58 
POKE V+23 ,7. You ca n do both by adding bot h 
state ments. Try a ll combina tio ns. 

You ca n sec that sprite graph ics is a powe rfu l mode 
of high resol uti o n g rap hics. Of course, t he functio n of 
some of the POKE locations is rather comp licated. 
However. the most important t hing is the short ness of 
programs required to crea te and cont rol soph ist ica ted 
grap hical figures . In particula r, note how short the 
sai lboat program is. 

Figure 14.58 Main program for a multico lored sailboat 
using sp ri tes. 

10 REl-l ;;PRITE SAILBOAT 
15 V=53248 

EXERCISE 14-4 
Usi ng the time fu nct ion T I descr ibed in C hapter 4. 
count the number of jiffies that occur while a key is 
held down . Write a program that displays this time to 

the nea rest tenth of a second. 

EXERC ISE 14-5 
Plot the bar g raph of New England sta tes shown in 
Figure 10.10 , and prin t the tit le and sca le label in both 
upper and lower case letters. Use the alte rnate gra phic 
symbol S HIFT £ (C HRS(l69» to plot the ba r graph . 

EXERCISE 14-6 

Wri te a progra m that wi ll POK E the pictures of the 
two skiers shown in Exercises 2-3(e) and 2-3(f) at the 
screen location X I , Y I a nd X2, Y2 respective ly. Store 
the POK E codes fo r these t wo pictures in a th ree­
dimensio na l array. 

EXERC ISE 14-7 
Write a progra m that stores a seque nce o f pitch (P) 
and le ngth (L) values in a DATA s tateme nt and then 
plays this sequence of tones. The DATA sta tement (or 
statements) should be of t he fo rm 

20 DATA PI, Lt, 1'2, L2, P3, L3, ... 

whe re P I a nd LI are the pitch a nd length of the fi rst 
tone, P2 and L2 are the pitch a nd length o f the second 
tone, a nd so o n . To p la y a co mplete so ng, see Exercise 
15-3 in C hapter 15. 

EXE RC ISE 14-8 
To the sp rite sa ilboa t program , add three more 
sprites t o draw the sa ilboat facing to the right. T hen, 
modify the main loop so as to repeat , firs t, sailing the 
origina l sa ilboat ac ross the screen from right to left 
and, then, sa iling the new one from left to right. 

20 PRINT " :J" : POf(E 53281 J 14 : REt1 BRCKGROUHD COLOR LIGHT BLUE 
25 FOR 1=0 TO 2 : POKE 2040+1 ,13+ 1 : HE;-\TI : REt·l RESER'·/E SPACE FOF.: SPRITES 0-2 
30 FOR 1=0 TO 62:REAII [I : POKE :::32+ I,D : NEXT l :RE!'I SETUP SPRITE (;) 
35 FOF: 1=0 TO 62:READ I1 : POKE :396+LD :NE;-n I :FHI SETUP SPRITE 1 
4'21 FOR 1=0 TO 62 : READ D: POKE 960+ LD : t~E~-':T I : REI·l ::;ETUP SPRlrE :2 
45 POKE \J+39 , 1 : POKE \1+40 , 7 : POf(E '·:'+41 ., U3 : REt'1 ::;ET ::;PRITE COLORS 
50 POKE V+:2 1 ,7: F:EI·, TUF~ t~ O~l SP~: ITES 0-2 
55 POKE \/+ 16, (1 : FB'I TURH OFF t'IS B~3 
6~3 REN SHIP FiHO'r'! 
65 FOR J=25f.1 TO 25 STEP - 1 
?0 FOR 1=0 TO 2: : POKE V+2:+: 1 , J : POKE \1+ 1 +2:t' 1, 181) ~lEXT 1 
75 FOR 1=1 TO I Ij0 : HEXT I 
80 NEXT .] 
0..1 POKE \I+2 1,€1 : REN TURH OFF SPR I TES 
90 POKE 53281, 6: REr·1 RESTORE t~ORr·1RL BACKGROUt~D COLOR 
100 END 

READY , 
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TO PUT 

Throughout this book you have learned how to use the 
var ious features of CBM BASIC. You have lea rned 
how to write short programs that draw pictures and 
make so unds. Now that you know the BAS IC 
language, you wi ll wam to write your own progra ms. 
How do yo u go fro m a n idea of something you would 
like the Commodore 64/ VIC 20 to do to a working 
BAS IC program that does it?That is what this chapte r 
is all about. 

In order to illustrate the various steps involved in 
developing a program, we will write two complete 
programs in this cha pter. Although both programs arc 
useful and fun to run , it is the process of developing the 
programs that we are trying to illustrate. 

The first progra m plays a popular word -guess ing 
game called "'hangma n." The second program con­
ve rls yo ur Com mod ore 64 / VIC 20 int o an organ o n 
which yo u ca n play music from the keyboard. 

In this chapter you will lea rn: 

1. how to define what you want to do and desc ribe 
the program in words 

2. to define the variables you will need in the 
program 

3. the techn ique of lOp-down programming 

4. how to write a program to play hangman 

5. how to sto re data on a cassette tape a nd Ooppy 
diskette 

ER 

6. how to play music on your Com modore 64/ 
VI C 20 

HANGMAN 

We wi ll now develop a program to pla y the word­
guessing game hangman. T he following six steps wi ll 
help yo u develop a progra m systematically. We wi ll 
follow these six steps in develo ping hangman. 

ST EP I: Define what you want the program to do 

ST EP 2: Describe the program in wo rds 

ST EP 3: Define program va riab le names 

STE P 4: Write and test the main program and 
esse ntial subrou tines 

STEP 5: Write and lest the remaining subroutines 

STEP 6: Test the entire program and make improve­
ments. 

Defining What Hangman Will Do 

This is the most important step in developing a 
program. but it is a step that is ofte n omitted or not 
ca rried out adequa tely. There is an a lmost irresistible 
tempta tion to start writing BAS IC code immediate ly. 
You I11US t resist this temptation at all costs. You 
should not write any BAS IC code until STE P 4. 
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Poor progra mming, like poor writ ing is usua lly a 
sign of poor and confused thinking. If you do no t have 
a clea r idea of what you want the progra m to do, you 
will have little chance of writing a program to do it. 
When yo u begin, you may not know all of the features 
that your program will event ually have. Progra mm ing 
is an interactive process, and often you wi ll improve a 
progra m by rewriting it several times. However, you 
must understa nd enough about what you wa nt the 
program to do to ge t sta rted . 

Ha ngma n is a wo rd-guessing ga me in which the 
Commodore 64/ VIC 20 thinks ofa wo rd and displays 
a space fo r each letter of the word. You guess a letter. If 
the letter occu rs in the word. it is inse rted a t a ll the 
locations at which it occurs. If the letter does not occur 
in the word . then an other part of your body is added to 
the ha ngi ng gallows. You keep guessing letters until 
yo u either guess the wo rd. o r unti l you guess six wrong 
letters. a t which t ime your body is complete a nd you 
a re ha nged. 

The first things to decide are what you wa nt the 
scree n to look like and how you want the screen to 
res pond to va rious in puts and cond itions. The best 
idea is to sketch the screen to sca le on a grid that is 23 X 
22 in the case of the VIC 20 o r 25 X 40 in the case of the 
Comm odore 64. Figure 15. 1 shows the screen layout 
for the ha ngma n game in each case. 

Figure 15.1 Screen layouts for Hangman program: (a) 
VIC 20 and (b) Commodore 64. 

HANGMAN 

THE WORD IS 

TE L EP HO N 

X X X X X X X X X ---------
GUESS A LETTER X 1[ 
NO X ,r o 
NOX m 
NO X (I 
NO X 

NO X YOU ARE HANG ED! 

NO X PLAY AGA IN? • 

HANGMAN 

TH E WORD IS 

TELEP H ONE 

X X X X X X X X X ----- ----GUESS A LETTER X 
NOX 

NO X 

NO X 

NO X 

NO X YOU ARE HANGED! 

NO X PLAY AGAIN? • 
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When the program is fi rst executed, the na me 
HANGMAN is wri tten in reverse video a t the top of 
the screen. The program then displays the spaces fo r 
the word , the gallows, a nd the words GUESS A 
LETTER fo llowed by a blinki ng cursor. As each 
correct letter is guessed, it is fi lled in a t the appropriate 
bla nk position(s). When a n incorrect letter is guessed, 
then the phrase NO X (where X is the letter guessed) 
wi ll be printed on the left lower pa rt of the screen, a nd 
a nother part of the body will be added . 

If you guess the word correctly, the word will be 
fl ashed and the words YOU ARE SAVED! will be 
printed next to the gallows. If you fa il to guess the 
word, the correct word will be d isplayed above the 
spaces, a nd the words YOU ARE HANGED! wi ll be 
printed nex t to t he ga ll ows. The wo rd s PLAY 
AGAIN? fo llowed by a blinking cursor will then be 
displayed at the lower center of the screen. 

Ha ving laid out what you want the screen to look 
like a nd having thought a bout how the game is to be 
played, you a re read y to write a word-description of 
the program. 

A Word-D escription of Hangman 

At this point you shou ld write a word-descripti on of 
the progra m that wi ll completely describe its logic. Use 
pseudocode, flowcharts. or whatever you find useful. 
A word-description for the hangman program, written 
in pseudocode is shown in Figure 15.2. Study this 
wo rd-descri pt ion ca refu lly. Note that it fo llows closely 

figure 15.2 Pseudocode word-description of Hangma n 
program. 

loop: Clear screen 
Display HAN GMAN 
Display gallows and the words GUESS A LETTER 
Find a random word 
Disploy spa ces for word 
do until Word is guessed or you are hanged 

Guess 0 letter 

enddo 

Search for letter in word 
if letter is in word 
the n displa y letter at proper posit ion 
eJse display NO " letter" 

add port to body 

if word is guessed 
then blink word 

display YOU ARE SAVED! 
else display correct word 

display YOU A RE HANGED ! 
Ask to PLAY AGAIN? 

(ep eof wh ile answer is "Y" 



the screen layout we made in Figure 15.1 and our ideas 
on how the program should wo rk. Developing the 
word-description shown in Figure 15.2 is the most 
creative part of writing the program. At this point 
most of the hard work is done. This is why it is so 
important that you understand how to write word­
descriptions like the one in Figure 15.2. Study it again. 
Note particularly how the do until loop is used to 
include the ent ire process of guessing a word. Being 
able to identify the appropriate looping structure fo r a 
particular problem (think do until, repeaf while, or 
for ... next) is one of the important ski lls you will need 
to develop in order to become a good programmer. 

Defining Program Variables 

At this stage in the development of the program you 
should define names for those varia bles that you know 
you will need. You will not know all of the va riables 
that you eventually use, but begin by defining the 
important ones that you do know. This will help you to 
focus on how you wi ll implement va rious little 
a lgorithms. Be particularly conscious of defi ning 
appropriate string variables and arrays. 

In the hangman program we will store the word to 
be guessed in the string W$. The length of this st ring 
(the number of letters in the word) will be L. How can 
you tell when the word has been guessed correctly or 
when it is time to be hanged? You will need to keep 
track of the number of spaces NL that have been 
correctly filled in. Also you will need the number of 
incorrect guesses. We will call this value N H. Each 
letter guessed will be stored in the string G$. You can 
determ ine whether a guessed letter GS is in the word 
WS by comparing GS with each letter in WS and 
noting where any matches occur. To let you know if 
any match occurred, define a flag R . Set R to I if any 
match occurs and set R to 0 if GS is not in W$. We have 
now defined the variable names given in Figure 15.3. 

We can now use these variable names to put a little 
more detail in the pseudocode description of the 
program given in Figure 15.2. For example, the do 
umilloop can be rewritten in the form shown in Figure 
15.4. Note that the word is guessed when NL= L, a nd 
you are hanged when NH=6. The a lgorithm to search 
for a letter in the word is given by thefor ... next loop. 
Note that this algorithm displays each correct letter in 
its proper position so that nothing more needs to be 
done in the then part of the subsequent ij .. then ... e/se 
statement. Also note that the flag R is used to tell if a 
letter is in the word. 

You have now developed the program to the point 
where you can begin to write some BASIC code. Since 
you have a lready done most of the work, the BAS IC 
code will practically write itse lf. 

Figure 15.3 Definition of in itial variables to be used in 
Hangman program. 

W$ = word to be guessed 

L = length of wo rd to be guessed 

G$ = letter guessed 

NL = number of correct letter positions guessed 

NH= number of incorrect guesses 

R= [1 if G$ is in W$ 
o if G$ is not in W$ 

Figure 15.4 More deta iled version of clo until loop 
used in Hangman program. 

NL= O 

NH=O 

do until NL = L or NH=6 
Guess a letter G$ 
for 1= 1 to L 

if G$=MID$(WS,I, I ) 
then print G$ plus space 

NL=NL+ I 
R= I 

else move cursor 2 spaces 
next I 
if R= l 
then do nothing 
else NH = NH+ I 

enddo 

display NO " letter" 
add part to body 

Writing the Main Program 

Your next step should be to write the main program in 
BAS IC fo llowing the pseudocode description given in 
Figures 15.2 and 15.4. Try to write th is emire program 
so that it fits on the screen and you can read it all at 
once. To do this , use subrout ine calls for anything that 
takes a lot of cod ing and for anything you have not ye t 
figured out how to do. 

The main programs fo r hangman are shown in 
Figure 15.5. Line 20 clears the screen and prints 
HANGMAN in reverse video. Line 30 displays the 
ga ll ows and the words GUESS A LETTER (subrou­
tine 600) and finds a random word WS (subroutine 
1000). Line 50 finds the length, L, of the word WS and 
moves the cursor to the first "blank" position. 
(Subroutine 500 is our usual "Move to X,Y" subrou­
tine.) Each letter position will be separated from the 
next one by a space. Therefore, by computing the 
starting position (X) of the word by the equation 
X= 10- L, each word will be approximately centered 
on the screen in the case of VIC 20. This will limit the 
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maximum length of words to 10. Line 60 prints the L 
spaces for the word to be guessed. 

Lines 80-1 50 implement the do until loop shown in 
F igure 15.4. (The initialization of SS to the null st ring 
in line 80 was added when the subroutine to guess a 
letter in line 400 was written.) Line 100 moves the 
cursor to the position of the blinking curso r following 
the words GUESS A LETTER a nd then ca lls 
subroutine 400 to guess a letter GS. Line 11 0 moves the 
cursor to the firs t letter positi on in the word and sets 
the nag R to O. Lines 120-1 35 im pleme nt the/or ... next 
loop given in Figure 15.4. Lines 140- 150 implement the 
last if .. then .. . else statement in Figure 15.4. Subrou­
tine900, called in li ne 150, will display NO "Ietter" and 
add a part of the body. 

Figure 15,5 Main programs for Hangman: (a) VIC 20 
and (b) Commodore 64. 

10 REt'l HR~lGt'lRt-! 
20 PRlrnll;J1I j SPC(7 ) j II ~~Rr~Gt'lAr~ " 

30 GOSUB 6013: 130~:UB 10130 
50 L::;;:LEN(L~$ ) : Y:::5 : r~:::;1~3-L : GOSUB 500 
613 FOR 1=1 TO L : PF:nn"- "; : HE:>(T 
8~1 t~L= 1Z1 : NH=~j: S$=:" " 
9[1 IF HL=L OF: HH=6 THEt-! 1613 
11313 ','=7: :';= 15 : 130SUB 5013: 130',:UB 4lih3 
11[1 ','=4 : X= I13-L : GO~:UB 500: R=[1 

Lines 160-1 80 implement the last if .. then ... else 
statement in Figure 15.2. We have actua lly in ter­
changed the roles of then a nd else. T hat is, line 170 is 
equivalent to ifword is not guessed. Subroutine 300, 
called in line 170, wi ll disp lay the correct word. 
Subrouti ne 700, called in line 180, will blink the word. 
Line 190 will ask PLAY AGAIN? and then get GS 
from a blinking cu rsor in subroutine 800. Li ne 200 wi ll 
cause a new game to be played if the answer to PLA Y 
AGAIN? is Y. 

\Ve have now written a complete main program that 
impleme nts the hangman algori thm given in Figure 
15.2 We ha ve a lso ident ified all of the subroutines 
that must still be written. These are summarized in 
Figure 15.6. 

1213 FOR 1=1 TO L: IF G:t=t·llD$(I'i:t .. I, I ;' THEt-! PRIHT 13$; "W; : t'lL=t-!L+l : 1':=1 : 130TO 135 
13(1 PRINT "~"I " ; 
135 t'~E ~-=: T 1 
1413 IF R=I THEt·l 90 
15[1 NH=NH+ 1 : GO'3UB 900: GOTO 913 
16[1 1(;:::2121 : ::-::=6 : GO::;UB 5(1121 
1713 IF t,H=6 THEH PR IHT ''','OU RI':E HR~mED I " : GOSUE: ":130 : GOTO 19'3 
180 PR ItH" ','(1) RRE SRVED" : OOSUB 70[1 
19~1 ly'=22 : X=6 : GOSUB 50121 : PR I ~n II PLAir AGA I N? "; : GOSUB 800 
2013 IF G$=" ',''' THEH 20 
210 END 

RERD',', 

10 REt'l HAflCit111tl 
2~1 PF~ I NT 11;] 11 i ::;PC ( 15 ) ; " ~~f1~K)I'lRr~" 
30 GOSUl: 60(j : CiOSUB 1000 
513 L=LEt'O·J$ ): ','=5: ;,=I{l-L : I]O~:UE: 5130 
613 FOR 1=1 TD l' F'RIHT" - "; : t··IE:~T 
80 t4L:;:;0 : t-~H;::~j: 3$="" 
90 IF t'~L=L OR ~~H=6 THE,j 160 
10£1 11=7 : >::= 15 : GOSUB 500 : GOSUl: 40121 
110 ','=4 : 1<= 10-L : 130SIJB 50<): R=0 
1213 FOR 1=1 TO L : I F G$=t'1ID$OH:.,j, L> THEt, PRItH 13$; "W .: : HL=NL+I : R= l: GOTO 135 
130 PRUn" ••• "; 
135 ~lEXTJ 
140 IF R=I THEH 90 
1513 HH=NH+ I : GOSUB 9(1[1 : GOTO 9[1 
160 'i=2121: X= 12 : GO:':;UB 5(10 
1713 I F t~H=6 THE,j PR I NT" 'TDIJ RRE HANGED!" : GOSIJB 300: GOTO 190 
180 PR I NT II 'r'OU RF~E SAVED II : GOSUB 71210 
190 'r'=22 : ~<= 12 : GOSUB 5~j~1 : PR I t·n" PLF11.r' AGA I N? " i: GOSUB :30121 
21313 IF G$= '",' '' THEH 2[1 
210 END 

RERD',', 
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The next step is to write the minimum amount of 
code in each subroutine that will allow you to run and 
test the main program. This stub can be nothing more 
than a RETURN statement that does nothing but 
return to the main program. Once you are certa in that 
the main program is behaving properly, you ca n then 
write and test each subroutine separately. They can 
then be tested by running the main program to ca ll the 
subroutines . This technique o f top-down program­
ming allows you to plan the entire program and begin 
to test it before you a re involved in all the deta ils of 
every subroutine. It also keeps your program well­
modularized, which will make it much easier for you to 

debug and modify the program. 

Figure 15.6 List of subroutines called fro m main 
program. 

Line No . Subroutine 

600 Initial display (GUESS A LETTER , gal-
lows) 

1000 Find a Word, W$ 

500 Move to X,Y 

400 Guess a Letter, G$ 

900 Wrong Guess-NO " letter", add to 

body 

300 Print correct word 

700 Blink word 

BOO Get G$ from bl inking cursor 

Writing the Subroutines 

We have alread y written subro utine 500 and used it 
many times. It is shown in Figure 15.7 and should be 
added so that the main program can move the curso r 
to the proper location o n the screen . 

For subroutine 600, printing G UESS A LETTER is 
easy enough , but dra wing the gallows will take more 
thought. Therefo re, for now, type these sta tements fo r 
subro utine 600 a nd wo rry a bo ut drawi ng the ga llows 
late r: 

600 REM INITI A L DISPLA Y 

610 X=O: Y=7: GOSUB 500 

620 PRINT " GUESS A LETTER" 

630 R ET UR N 

In orderto tes t the ma in program , you should store 
a known wo rd in WS. T he refo re, fo r sub rou t ine 1000 
type the foll owing statements, which will ass ign the 
word HANGM AN to WS: 

1000 REM FI N O A WORD 

1010 W$="HA NGMA N" 

1020 RET UR N 

Figure 15.7 Subroutine to " Move to X,V". 

5'313 REI'1 ~1O"'E TO ,Vr Ot-l SCF~EEt·~ 
510 PR Hn"~"; : IF lyl=0 THEH 5 :3~~1 

520 FOR 1= ) TO Y: PRINT : NEXT 
53'3 PRi m TAB ( )O ;: RETURN 

READ'r, 

It is a good idea to pick a test wo rd that conta ins 
multiple occurrences of a single le tter in order to make 
sure tha t t he main progra m displays a ll letters in thei r 
pro per locations. Later, you can come back a nd make 
subro utine 1000 produce ra ndom words. 

S ubro ut ine 800 will use the GET state ment to ge t 
G$ from a blin king cursor. We have d one th is befo re, 
so we wi ll j ust use the subro uti ne show n in Figure 15.8. 
Note tha t line 840 will print t he value o f the key 
pressed a t the location of the bli nking curso r and then 
back up the cursor so that it remains at the location a t 
which the lette r was printed . This will be im portant if 
yo u want to ca ll subro utine 800 again without 
redefining the location of the cursor. (You will want to 

do this in subrout ine 400 .) 

Figure 15.8 Subroutine to GET G$ from a b linking 
cursor. 

80f.) RE I'1 I3ET Gl FR0I-1 ELI HK I Hei C: UR:,:m;: 
t: 10 PF~ II-n ":l '!!!II" ; :FOR 1= 1 TO 2 '30: HD':T 
;::2 0 GET (it: IF O$() II II THEH :::41::1 
830 PR ltH" II" ;, FO;;: 1= 1 TO ~'f.)'j: t·jDn·: GOTO :,: 10 
:,:40 PR I I·n 13$; " II" .: : RETU":I'~ 

READ'r . 

S ubro utine400 is sup posed to guess a lette r, GS. At 
first this lo oks j ust t he same as su b routi ne 800. 
Ho weve r, yo u d o not wa nt to a ll ow letters that have 
a lready bee n guessed. (Otherwise, you could ha ng 
yourself by typing the sa me wro ng letter six ti mes.) 
Therefo re, su broutine 400 m ust kee p t rack of all lette rs 
that have bee n typed a nd re tu rn o nly new va lues fo r 
GS. We will figu re out how to d o this later. For now 
j ust type the following sta tements to get a letter GS by 
ca lling sub routine 800: 

400 R EM GUESS A LETT ER 

410 GOSUB 800: R EM GET A LETTER GS 

420 R ETURN 

Fo r subroutine 900 type: 

900 R EM WRO N G GUESS 

920 PRI NT "NO "; GS 

930 R ETU R N 

Yo u kn ow th is will be p rinted at the wrong location on 
the screen. bu t it will he lp test the main program. You 
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can change its location later and figure o ut how to add 
a new part to the body each time there is a wrong guess. 

Fo r subroutines 300 and 700 just type stubs for 

now: 

300 REM PRINT CORRECT WORD 

310 RETURN 

and 

700 REM BLINK WORD 

710 RETURN 

With this much of the program written. you ca n run 
the main program and test to see if it is worki ng 
properly. Figure 15.9 shows what the screen might 
look like during such a test. 

After you have debugged the ma in program (it wi ll 
not work the first time- Figure 15 .5 was not the first 
ve rsion). you are ready to tackle the remaining 
subroutines o ne by one. 

Figure 15.9 Testing the main program of Hangman . 

Writing the Remaining Subroutines 

You ca n now go through a nd fini sh the subroutines 
listed in Figure 15.6. Figure 15.10 is a li sting of 
subroutine 600, where lines 630-660 have been add ed 
to draw the gallows shown in F igure 15.1. 

The "guess a letter" sub routine (400) is shown in 
Figure 15 .1 1. Lines 420-440 have been added to insure 
that no letter is guessed more than once. Line 440 
keeps track of a ll letters that have been guessed by 
adding each new letter to the string S5. (This is why we 
initialized S5 to the null string "" in line 80 o f the main 
program.) Each time line 410 GETs a net lette r GS , it 
is compa red with all previous letters (stored in S5) by 
the loop in lines 420-435. If a match is found in line 
430. the program GETs a new letter in line 4 10. 

T he "w rong guess" subroutine (900) is show n in 
F igu re 15. 12. Lines 910-920 p rint NO " letter" a t the 
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Figure 15.10 Initial display subroutine that draws 
gallows. (a) VIC 20 and (b) Commodore 64. 

600 REr1 Hn TI AL D I SPLA't 
61 0 X==0: ',.'==7 : GOSUE: 580 
620 PRINT"GUESS A LETTER" 
630 ::<== 13 : ',.'=9 : GOSUB 50~3 
640 F'R I HT " ///// /0 •••• 11..--1-··" ; 
651'1 FOR 1=1 TD 7 : PR IHT" :~11. 1 l"" ; : "IEXT 
66(1 PI': I t-IT" //.a •• r-" 
67(1 I':ETURri 

READ't. 

600 REr'1 HIlTlAL DE;PLfW 
610 X=0 :Y=7 :GOSUB 500 
620 PRIHT"GUE% A LETTER" 
6:30 ~'< =30 : ',.'=9 : GO::;UB 50121 
640 F'R I t-IT" //////1J ••••• ~/'" .; 
6 50 FIJI': 1=1 TO 7 : PRIrIT" )!lIl l V " .; : flE:':T 
660 PR It-IT " //Q •• r-" 
670 RETURti 

RERD't . 

Figure 15.11 The subroutine to guess a letter. 

400 REr'1 [<!JESS A LETTEf;: 
410 GO:,UB :3'30: RH1 GET A LETTER G$: 
420 FOF~ J::;;: 1 TO LEt'F S$) 
438 IF GS=MIDS(SS . J .l) THEri 410 
4::::5 HE>=:TJ 
44[1 :3$=:,;$:+(;$ : RETURfl 

READ't . 

appropr ia te location o n the screen. Lines 930-985 add 
the a ppropriate part of the bod y to the hanging 
person. Note the use of the ON .. . GOTO statement 
(which is similar to the O N ... GOSUB sta tement, 
except that it is an absolute branch) to add the 
appro pria te part of the body. 

Subro utine 300 shown in Figure 15.13 prints the 
co rrect word above the spaces when the perso n is 
hanged. Note the use of the fun ction M I 0$ in line 330 
to print each letter of the word WS fo llowed by a blank 
space. 

S u brou t ine 700 shown in Figure 15. 14 blinks the 
word by a lternately displaying it ten times, first in 
no rmal a nd then in reve rse video mode. 

If all of the above subroutines are working 
properly. yo u can stan add ing some new ra ndom 
words in subroutine 1000. There are severa l ways to d o 
th is. One possibility is shown in Figure 15. 15. Line 
JO I 0 sets a random seed for the ra ndom nu mber 
genera tor. Line 1020 defines the number of words NW 
stored in the OAT A statements starting a t line 1100. 
You can add more words and inc rease the value of 
NW. In line 1030. X is assigned a random number 
between 1 a nd N W . Line 1040 moves the " pointer " to 
the beginning o f the OAT A stateme nt. Line 1050 reads 



the first X words. Therefore, word X will end up in W$ . 
Note that wit h this subroutine the sa me word ca n 
occur more than once . If you want to avoid this, you 
will have to keep track of the values of X that have 
been used and not use the same ones more than once 
(see Exercise 15-1). Of course, you will then only be 
able to play ten times in one run of the program. 

To make th is game rea lly interesting. you will need 
a large dictionary of possible words so that you can lise 
different words each time you play. One way to do thi s 
is to sto re a large num ber of words on the cassette tape 
or noppy disk and then read in a rand om group of 
words each time the game is played. 

Sample runs of this program on the Com modore 64 
are shown in Figure 15. 16. 

Figure 15.12 The Ilwrong guess" subroutine prints NO 
"Ieller" and adds a part to the body: (a) VIC 20 and 
(b) Commodore 64. 

lal 960 REt'1 !,jRONG GUESS 
910 X~ I :Y~7 : FOR -1~ 1 TO NH=','~','+2: ~lEXT:GOSUB 560 
926 PR!tH"~lO ";G$ 
930 X== 14 : 1';=-11 : GO::;LIB 50(1 
940 ot4 NH GOTO 96l3.· 965 .. 970 .. 975 .. 980, 985 
960 PR I NT" r', 1111 ,",' " : RETURN 
965 PR n n" 11l.<nUI I " : RETURll 
970 PRIIH "ll • .ilI/UI " : j;:ETURN 
975 PR IHT" ll'nl-J!II I" : RETUR~l 
980 PRINT":U'W.l/QI ": RETURll 
985 PR IHT" l!!'1.,OOI1-J!11 I" : RETURll 

Ibl 900 REt'1 !,jRDt-1G GUES:3 
916 X= I : ','=7 : FOR J= I TO HH : ','=','+2: HEn: GO:3IJB 5'.'0 
920 PRIIH"140 " ;G$ 
936 X=:3 1 : ','= II : GOSUB 5'30 
940 011 1·1H GOTO 966 ., 965 ., 970, 975, 980, 9:::5 
960 F'R nn" ," 1111 '-' " : RETURI4 
965 PR m T" llI.rrQII I ": I':ETURt-l 
970 PR!tH"ml/~11 ": RETURH 
975 PR!tH" ~lU.IVII I" : RETURN 
980 PR I NT" :~!'l,!~V'li ": RETURll 
985 PR Hn" )Ol'm~.h)1 1 I" : RETUR~l 

READ',' . 

Figure 15.13 This subroutine prints the correct word 
above the spaces. 

3130 REt'1 PR I NT COR,:ECT WORD 
316 PRHn"!oIl!ITHE WORD IS " 
320 'f=3 : X= 10-L : GOSUB 50€1 
3313 FOR l=1 TO L : PRItH I'll D$ (1,$ , L I);" " ; : t,EXT 
340 RETURH 

READ'~ , 

Figure 15,14 This subroutine blin ks the word, 

700 REt1 BL HlK WORD 
710 FOR -1=1 TO 10 
720 ',.'=4: 1~= 10-L : GO~;UB 5~:!I0 
736 FOR 1=1 TO L : PR n n I'll D$ (Ioj$, r.. I) ; " " .: NE~"" 
740 X~10-L : GOSUB 500 
7513 FOR 1=1 TO L : PRHlT" :~ " ; tHD$(I,$ , L 1) ;" ".;: HE;~T 
760 HE;' :T -1 : RETURN 

READ'r'. 

161 



Figure 15.15 Subroutine that fi nds one of ten words at 
random. 

10[10 REr1 F lHD R ~,mRD 
10 10 :,;RHD(-TI) 
1020 fU'~= 10 
1030 :x;= IHH Rt~D ( 1 Ht·UH 1 ) 
1041:) RESTORE 
1050 FOR 1=1 TO ,;, F(EAD ~'~ 'f.' HE:":T 
W6'j RETUF:H 
1100 DATA H'fF'OTEt,U3E, flUR:,:E., FAt'lDU3 .. Et'lPIF:E, ELK, DIGt-lIT'r' 
1110 DRTR corm IT IOfL BRIBE., F'RPEF:., "'!JRIL 

F~EAD'T' • 

Figure 15.16 Sample runs of Hangman program. 

STORING DATA ON A CASSETTE TAPE 
OR FLOPPY DISKETTE 

You have been using the cassette tape reco rde r and! or 
fl oppy disk drive to save a nd load yo ur BAS IC 
programs. It is also poss ible to include statements in 
your programs that will allow you to store data on a 
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tape o r diskelle and later read back this data . (This 
mayor Illa y not be t he sallle tape / diskelle that 
contai ns your progralll.) You do this with the PRINT# 
and INPUTff sta telllents. In order to use these 
statelllents, you must also use the OPEN and CLOSE 
stateme nts. 

The OPEN and CLOSE Statements 

Before yo u can Ivrile data to a tape or diskette yo ur 
program must execute the statement OPEN K,N,l, 
"string" where K is any number between I and 255. 
string is a fil ename of your cho ice, and N is ei ther I or 8 
de pend ing upon whether you are stori ng data on a 
tape or diskette. Before you can read the data back , 
yo u must execute the statement OPEN K,N,O ··string ". 
For exa mple, to write data on a tape, you could use 

OPEN 1,1,1,"DATA" 

and , to read a diskfile called KEYWORDS, you could 
use 

OPEN 8,8,O,"KEYWORDS" 

The number K above is called a logica l fi le number, 
and it must be the sa me as the num be r lIsed in the 
PRINT# and I NP UT# statements. Figure 15. 17 shows 
the meaning of the three num bers in the OPEN 
sta tement. 

Figure 15.17 Meanings of the numbers in the OPEN 
statement. 

OPEN K,N, ' ,"s tring" 

\ \ 
PRI NT#K write 

1 = tape cassette 

8 = disk drive 

OPEN K,N,O,"string" 

\ "" INPUniK read 



The second number in the OPEN statement refers 
to a particular physical device. A I means that the data 
will be written to (or read from) the cassette tape unit. 
An 8 means the disk drive. Other physical devices use 

different numbers, as shown in Table 15.1. 

TABLE 15.1 Physical Device Numbers 

Physica l Device 

keyboard 
cassette tape unit 
RS232 ser ial device 
screen 
printer 
d isk drive 
serial device 

Device Number 

o 
1 
2 
3 
4 or 5 
8 or 9 
4-127 

If the phys ical device numbe r is omitted from an 
OPEN statement then, by defau lt , the OPEN sta te­
ment will refer to the tape cassette unit. Also, when 
writing on or reading from ta pe (no t the disk). the 
filename is optional a nd may be omitted. In this case, 
when reading from tape, the first file found will be 

read. 
The third number in an OPEN sta tem ent is called 

the secondary address code, a nd its mea ning de pends 
upon the phys ica l d evice being used (as defined by the 
seco nd numbe r in t he OP EN stateme nt). If the 
physical device is the tape cassette unit , the secondary 
address codes have the mean ings shown in Table 15.2. 
If the seconda ry address code is omitted , a read 
operation is impl ied . 

TABLE 15.2 Seconda ry Address Cod e lo r Tape 
Cassette Units 

Secondary Address Code 
o (default ) 
1 
2 

M eaning 

OP EN fo r read 
OP EN fo r write 
OPEN for wri te and 
add e nd-of-tape 

(EOT) mark whe n 
fil e is CLOSEd 

Whe n a program executes the statement OPEN 
l,l,l ,"string" the Commodore 64/ VIC 20 will disp lay 
the fo llowing message o n the sc reen (assuming no keys 
on the cassette unit are pressed ): PR ESS RECORD & 
P LA Y ON TAP E. Whe n you press these keys, the 

C ommodore 64/ VI C 20 will display OK, write a 
header on the tape, and then stop the tape. During this 
time, the C ommodo re 64 (only) blan ks the sc ree n. If 
you keep the PLAY a nd R ECORD keys de pressed, 
the Commodore 64/ VI C 20 will automaticall y write 
data on the tape in res po nse to PRINT# stateme nts. as 
described below. 

When the program executes the statement OPEN 
1,I ,O,"string" the Co mmodore 64/ V IC 20 wi ll disp lay 
the following message on the scree n (assuming no keys 

on the cassette unit are pressed) : P RESS P LA Y O N 
TAPE. When you press this key (or any key for that 
matter, s ince the C ommodore 64/ VIC 20 ca nnot tell 
wh ich key you pressed), the Commod o re 64 / VIC 20 
will disp lay OK and the Commodore 64 wi ll blank the 
screen. Then, it reads the tape until it find s the 
filename "string" on a previously written tape header, 
a nd the n stops the tape. (If you omi t the filename, it 
will stop at the first previously written tape header it 
find s.) If you keep the PLAY key depressed, the 
C ommodore 64/ VI C 20 auto ma tica lly read s da ta 
from the tape in respo nse to IN PUT# stateme nt s, as 

described belo w. 
When a program executes the Statement OPEN 

8,8,1,"string" the C omm odore 64 / VI C 20 crea tes a 
channel for communication to the dis k drive and a 
header with the name "s iring" on a d isk file. When 
PR INT# statements are encountered, it transmits the 
associated data to the "s Iring" disk file . When the 
program executes the statement OP EN 8,8,O,"string" 
the Co mmodo re 64 / V IC 20 c rea tes a cha n nel fo r 
communicat io n to the disk drive and loo ks for a 
d iskfile with the filena me "sIring". When IN P UT# 
statements are encounte red, it re trieves the necessary 
data fro m the "s tring" diskfile. 

Aft er a program has written data to (o r read data 
from ) e ither ta pe o r diske tte. the logical fi le that was 
opened with the OPEN statement must be closed with 
a C LOS E sta teme nt o f t he for m CLO SE K. In this 
statement the number K is the logical file num ber and 
must agree wi th the logical file number used in the 
co rresponding OP EN statement, as shown in Figu re 
15. 18. The C LOSE sta tem e nt will put a n e nd-of- file 
(EOF) mark on the ta pe and close the com mun ications 
channel to {he disk . 

Figure 15.18 Logical fil e numbers must be the same in 
OPEN and CLOSE sta te me nts. 

O PEN K,N,l ,"string" OPEN K,N,O,"string" 

write data \ 
to device 
with PR1NT#K 

read data \ 
from device 
wi th lNPUT=K 

CLOSE K CLOSE K 

The I'RINT# S tatement 

After the statement OPEN K,N, I"string" is executed 
your program can write string data to the tape or 
di skette with the statement PRINT#K ,W$. \Vhen 
writ ing this statement the questio n mark (?) cam 101 be 
llsed as an abb reviation for PRI NT. The statement 
I'RINT#K must be typed as s ho wn with 110 blanks . 
You can also write numerical data to the cassette tape 
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by using a numerical variable na me in the PR INT# 
statement. 

The program shown in Figure 15.1 9 can be used to 
starea list of wo rds on a tape or diskette for later use in 
the hangman program. Line 20 solici ts a device 
number (l=tape o r 8=d isk) and a filename from the 
keyboard. Line 30 OPENs a logical file for writing. 
Line 40 displays the message ENTER WORDS; 
TYPE £ TO STOP. Line 50 waits for a word to be 
typed in and ass igns th is word to the string va riable 
WS. If you type a poundsign (£), line 40 wi ll branch to 
line 90, which CLOS Es the fi le and StOPS the program. 

Figure 15.19 Program to store words on a tape or 
diskette as they are typed on the keyboard. 

10 REI'1 ~;TOF~E , lORDS Oil TAPE 
213 IHPUT "DE'.!I CElI , FIL E~H,I'1E" ; 1-1 , F$ 
313 OF'Et-l 1,~1, 1., F$ 
413 PRIHT "ENTER ,mF~DS; T'r'PE £ TO STOP" 
50 IHPUT H$ 
60 I F ,1$ ="£" THEt~ 90 
713 PRHH#L I'lc' 
:::0 GOTO 5£1 
::<Ij CLOSE 1 
100 EHD 

F:EAD'T. 

Line 70 writes the word stored in WS to the tape or 
d iskette. Actually it SlOres this word in a buffer (a 
section of memory). The Commodore 64/ VIC 20 
waits until the buffer is full (or until a CLOSE 
statement is executed) before writing a ll the characters 
in the buffer out to the tape or diskette. 

Line 80 branches to line 50 wh ich waits for another 
word to be entered. You can type in many words 
before the tape moves. because no writing is done until 
the buffer is full. If you do not fi ll up the buffe r before 
you type the pound sign (£). the content s of the buffer 
a re wri tten to the tape when the CLOSE statement is 
executed. 

A sample run of the program given in Figure 15.19 
is shown in Figure 15.20. Once a long list of words ha s 
been stored on a tape or diskette, it can be used with 
the hangman program. The program can be mod ified, 
as described in the next section. to retrieve a different 
random set of words each time it is run . 

The INPUT# Statement 

After the statement OPEN K,N ,0, "string " is exe­
cuted, your program can read st ring data from a tape 
or di skette wit h the statement INPUT#K. WS. You can 
read numerical data from a cassette tape by using a 
numerical variable name in the INPUT# statement. 
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[RDY , 
UN 
[UICEHt filENftHE1 16DftTft 
RESS R CORD & PlnY N TftPE 

OK 
ENTER WORDS; TYPE £ TO STOP 
? HOUS E 
> CAR 
, COtlP UHR 
? BOAT 
~ EXCELL ENT 
) i 

KEADV, 
J 

Figure 15.20 Sample run of program in Figure 15.19 
that stores fi ve wo rds on a cassette tape. 

As an example of using the IN PUT# statement, the 
program shown in Figure 15.2 1 wi ll read back the data 
that was stored in Figu re 15.20. Line 20 solicits the 
device number and a filename. Line 30 OPENS a 
logical fi le for reading. Line 40 reads one string from 
the tape and stores it in the string varia ble WS. 

Figure 15.21 Program to read data that was stored 
using the program in Figure 15.19. 

113 REI1 I':EAD DATA 
20 ItiPUT "DE"I ICE#, FILEHAi'1E"; ~L, F$ 
30 OPEt~ L t·L, 0, F$ 
40 I HPUT#L I~ $ 
5(1 PRHH 1,1$ 
613 I F ST064 THEN 413 
713 CLCI:,E 1 
80 END 

READ'T , 

The Commodore 64/ VIC 20 has a n input / output 
status lVord whose va lue at any time is given by ST. 
The value ofST depends on the result of the last input 
or OUtpUt operation performed. It is useful to know 
that if the Commodore 64/ VIC 20 reads an end-of-file 
(EOF) mark, the value ofSTwill beset to 64. This fact 
can be used, as shown in li ne 60 of Figure 15.21, to 
determine when a ll the data ha s been read. 

Each string read is automatically PRINTed in line 
50. If an end-of-file (EOF) mark is not read , line 60 
branches to line 40, which reads the next string. The 
resul t of executing this program, usi ng the data tape 
created in Figure 15.20, is shown in Figure 15.22. 

Suppose that you have created a data tape or 
d iskette containing a large number, NT, of hangman 
words. using the program given in Figure 15. 19. 
(Assume NT=60.) How ca n a different random set 
of ten of these words be used each time hangman is 
run? O ne poss ible method is suggested in Figure 15.23. 



UII 
EUICEM,FILEIIAME? i,DATA 
RESS PLAY 011 TAPE 
Ie 
OUSE 
AR 
Otl'UTER 
OAT 
XCELLEIIT 
EAOV. 

Figure 15.22 Result of runn ing the program in Figu re 
15.21 using the data tape/ d iskette created in Figure 
15.20. 

Ten words from the tape will be stored in the array 
W$( I). In order to store a differe nt set of words each 
time, a ra ndom number of words, R, will be skipped 
fo r each word tha t is actually stored in the a rray WS( I), 
as shown in Figu re IS.23. 

words stored on 
data tape 

~ HOUSE 

INPUT' I, WS CAR 

:~~;"'ow ~ COMPUTER } 

BOAT 

INPUTI1, WS(I) 

Skip A words 

EXCELLENT INPUT # 1, W$(2) 

Figure 15.23 To produce a new ra ndom set of words, 
skip R (a random number) words between each word 
stored in the a rray W$( I). 

In orderto skip a word you must read the word and 
discard it. You can do th is with a statement such as 
INPUT# I ,WS. To keep a word, put it into the array 
with the statemen t JNPUT#I,WS(J). 

What range of va lues shou ld the ra ndom number R 
have? If yo u pick N words ( 10), eq ually spaced , fro m a 
total of NT (say 60) words, the n you wi ll pick o ne 
out of every NT/ N wo rds a nd there wi ll be NT / N- I 
wo rds fo r everyo ne selected . If you picked a random 
number R between I and NT / N- I, you would seldo m 
get much beyo nd the midd le of the list before N word s 
are selected. T his is because the average o f a ll the R 

values will be about (NT/ N- I )/ 2. Therefore, in o rder 
to spread the N words out over all of the NT words, 
you ca n let R be a random number between I and 
2*(NT/ N- I). 

To inco rporate these ideas into the hangman 
program add the li nes 12 INPUT "ENTER STO R· 
AGE DEV ICE# & WORD FILENAME"; N I ,F IS 
a nd 15 N=O:I= RND(-TI):DIM WS(SO) to the main 
program shown in Figu re IS.S. Then replace the "find 
a wo rd" sub routi ne give n in Figu re 15. 15 with the 
subroutine shown in Figure 15.24. The first time this 
subroutine is ca lled (or aft er N words have been used), 
the va lue of N wi ll be 0 a nd li nes 1020-1 09S will be 
executed. These lines read another N random words 
from the data tape / dis kette. 

Li ne 1020 computes the va lue W=2*(NT / N-I), 
which will be the maxim um va lue of the random 
nu mber R correspo nding to the number of sk ipped 
words on the tape. Li ne 1030 reminds the user to load 
and rewind the da ta tape if the device number is I, and 
line 1040 then wa its until any key is pressed. Line 10SO 
opens a logical file for reading. 

T he loop in lines 1055-1085 will read N words into 
the array W$( I) (line 1080). Aftcr each word is stored in 
t he array W$(I ). R wo rds will be read a nd discarded by 
the loop in lines 106S- 107S. A d iffe rent ra ndom value 
of R bet wee n I a nd W is co mputed in li ne 1060 every 
time thro ugh the o uter loop. 

Because R is "random." it s value may often be large 
enough to get to the end of the data file before N words 
are stored in WS(I). To tes t for this poss ibility the 
status word ST is checked each time a string is read in 
lines 1070a nd 1080. If an end-of-file (EOF) mark was 
read a t li ne 1070 (ST=64). then the number of words 
read up to that po int ( I- I) is stored in N, and the 
program branches to line 1090. 

Line 1090 erases the messages associa ted with 
reading the tape. Line 109S closes the data file , and the 
subroutine co nt inues at line 11 00. 

O nce N words have been read into the array W$( I), 
then up to N ha ngma n ga mes ca n be played before the 
tape has to be read agai n. If the va lue of N is not 0 
when subrouti ne 1000 is entered . the program 
b ranches immed iately to line 11 00, where a random 
number I betwee n I and N is computed. The new word 
W$to be used in ha ngman is the word stO red in WS( I). 
Line 111 0, after ass igning W$( I) to WS , rep laces the 
word in locat ion I (which has just been used) with the 
word in locat ion N. The va lue of N is then decre­
mented by one in line 11 20. T his wi ll insure that no 
word is used more than once, si nce each word is 
effectively removed from the list as it is used. 

A sa mple ru n of the modified ha ngma n program 
using the sub routine in Figure IS.24 is shown in Fig­
ure IS.2S. 
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Figure 15.24 Modified Hangman subroutine that wi ll 
find a word from a collection of words stored on a 
data tape or disketre. 

1000 REM FIND A WORD 
1£110 IF H00 THEH l1lin3 
1020 fIT=61i1: fl=10: ,1=2* (fIT I N-I) 
!>325 IF IH =8 THEfI ![150 
1'330 PRIfn""l~LOAD DATA TAF'E AHD REVlHlD" 
1035 PR lIH" Pf;:E2;S Afl'1' KE',' TO com I HUE" 
104'3 GET OS: IF G$="" THEI'I 104'3 
1050 OPEH I,Nl,0,Fl1 
1€155 FOR 1= 1 TO I, 
1[160 R=II<HI'I*RI·m ( 1)+1) 
1065 FOR 3=1 TO R 
107'3 IfIPUT!l!, I,ll: IF ::;T=64 THE!i N=I-l: GOTO 1090 
1075 fIE,':TJ 
1080 It<F'UT# l , VI$ ( I ): IF 2;T=64 THE!'I fl=I: GOTO 109[1 
1085 ~~E>nl 
1090 PF:IHT""l~l"; : FOR 1=1 TO 5 : PRItH " 
1095 CL02;E 1 
1![10 I=Ifn( H:~R!ID ( 1 )+1) 
1110 WI=VlICI ): WI (I)=WI CN) 
112(1 H=N-l : F.:ETURfl 

READ', . 

Figure 15.25 Sample run of Hangman program using 
words stored on a cassette da ta tape. 
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" :HEXT 

C64/VIC ORGAN 

As another exa mple of developing a BAS IC program, 
we will turn the Co mm odo re 64 and VI C 20 into 
musica l instru ments. First, we wi ll figure out how to 
play the notes of the sca le by pressing keys on the 
keyboard, and then we will develop a complete 
progra m that wi ll disp lay the musical keyboard on the 
screen. 

Playing a Tone While a Key is Pressed 

Review the section in Chapter 14 on playing scales 
with either the VIC 20 or the Commodore 64, 
whicheve r is appropriate. Also, reca ll from Figure 14.3 
that PEE K(1 97) will be eq ua l to 64 if no key is pressed . 
Therefore, if yo u turn on a tone you can keep it on as 
long as the key is pressed by using the delay loop 1530 
IF PEE K(197)<> 64 TH EN 1530. This will require 
that one key be completely released before another one 
is pressed. Since pressing a seco nd key will normally 
change the value in location 197 , the two statements 
below will produce a delay as long as the same 

1525 KI=PEEK(1 97) 

1530 IF PEE K(197)= KI AN D PEE K(l97)<> 64 
THEN 1530 

key (and o nly tha t key) is being depressed. You may 
think tha t the condition PEEK( 197)<> 64 is not 
needed in 1530. Howeve r, if you press and release a key 
quick ly, the program to be described wi ll enter a 
subroutine that turns on the tone. By the time 



statement 1525 is executed, you may have released the 
key, in which case K 1=64. Without the second 
condition in line 1530 the tone would stay on even 
though no key is being pressed. 

Initialization of the sound and subroutines to play 
single tones on both the VIC 20 and Commodore 64 
were discussed in Chapter 14. In Figure 15.26 are two 
subroutines each for the VIC 20 and Commodore 64 
that initia lize the sound and playa single tone as long 
as a key is held down. The subroutines at line 1600 
initialize the sou nd and, in particular, turn up the 
volume. The su broutines at 1500 playa single note 
with pitch P as long as a keyboard key is pressed . The 
subroutine for the VIC 20 uses the soprano voice 
(voice #2) and the subroutine for the Commodore 64 
is initialized to produce an organ sound (see Fig­
ure 14.42). 

To test the VIC subroutine, type GOSUB 
1600:P= 195:GOSUB 1500. To test the Commodore 
64 subroutine, type GOSUB I600 :P=4291 :GOSUB 
1500. T he tone should last as long as you hold down 
the return key. 

Pitch Values for the Musical Scale 

To turn the VIC 20 and Co mmodore 64 into musical 
instruments, we must know what pitch values P 

Figure 15.26 (a) VIC 20 and (b) Commodore 64 
subrout ines to produce a tone wi th pitch P white key 
is being pressed. 

co rrespond to the notes ofthe musical scale . In Figure 
15.27 are given the pitch values recommended by 
Commodore to produce a midrange three octave C 
scale on each computer. Lines 310, 320, and 330 
contain the ascend ing pitch values for notes C, D, E, F, 
G, A, and B (plus C, D, and E only on the Commodore 
64) in successively higher octaves. Lines 311 , 321 , and 
340contain the pitch values for the chromatics C#, D#, 
F#, G#, and A# (plus C# and D# on the Commodore 
64) corresponding to the same respective octaves. 

Screen Layout 

The VIC 20 program we will write will display seven 
white keys and five black keys (exactly one octave) 
according to the layout shown in Figure 15.28a. The 
Commodore 64 program will display ten white keys 
and seven black keys as shown in layo ut of Figure 
15 .28b. The name of the Commodore 64/ VIC 20 key 
corresponding to each key on the scree n wi ll be printed 
on each key. The name of the musica l note for each 
whi te key will also be printed . 

When a note is played , an as terisk "pointer" will be 
d isplayed on the key being played for as long as the 
tone continues. Thus, as a song is played this "pointer" 
will move from key to key. 

1560 REt" PRODUCE TO,IE ~,H 1 LE I(E',' 1 S PRES:3ED 
15 10 POKE 36876,P 
1520 K 1 =PEEK (197) 
1530 1 F PEEK () 97) =U AflD PEEK (j 97> 0 64 THE,; 1530 
1540 POKE :;:6876,0; RETURH 
1600 REt1 1 N IT 1 ALI ZE :30UND 
16 10 POKE 36878, 15 
1620 RETUR,1 

READ',' • 

1500 REt" PRODUCE TmlE 1'~H 1 LE KE',' 1 S PREs:3ED 
151121 PH=INT( P/256):PL=P-256*PH 
1520 POKE RA , PL ' PO,;E F:A+), PH 
1536 POKE RA+4, I,F + 1 
1540 Kl=PEEK( 197) 
1550 I F PEE~~ ( 197) =~:~ 1 RND PEEK ( 197 ;1 (>64 THEt·~ 1550 
1560 POKE RA+ 4 , 1'~ F : RETURfl 
16013 REt1 ItH T! ALI ZE SOllHD 
1665 RA=54272 
161 0 FOR 1=0 TO 2~:' F'm(E RA+J.. 13 ' fIEi<:r 1 
1620 POKE RA+24)15 
1630 WF=16' AT=1 ' DE=15 ' BU= 15 'RE=0 ' 
1640 POKE RA+5, 16*AT +DE ' POKE RA+6, W~SIj+RE 
1650 RETURfl 

READ',' , 
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(a) 

Figure 15.27 Pitch values for a three octave scale on 
la) the VIC 20 and Ib) the Commodore 64. 

I') 300 REM P ITCH TABLE 
31 0 DATA 135 , 147,159 , 163,175,183, 19 1 
311 DATA 143, 151,167,179, 187 
320 DATA 195 , 201 , 2£1? ,209,2 15 ) 2 191 223 
321 DATA 199 , 203,212!2 17,22 1 
330 DATA 225)228,231,232 , 235, 237)239 
340 DATA 227 , 229) 2 3:"':: ., 231'3., 23::: 

RERD't' . 

(b) 300 REI'1 PITCH TRBLE 
3 10 DATA 21 45.,24138 ., 27(13.,2864,32 15.< 3608.< 405£1 .. 429 1) 48 17,5407 
3 11 DATA 2273, 2551 .' 3034 .< 3 4£16 } :;:823 , 4547 , 5103 
3 2£1 DATA 429 1, 4817 ) 5407 J 5728J 6430J 7217, :3101 J 8583, 9634, 10814 
32 1 DATR 4547 J 5 103, 6069, E,812.< 7EA? J 9094 J 10207 
33£, DATA 858:;: , 9634 J 10:314J 11457., 12868., 144:35, 16203., 17167.,1 9269 .. 2 1629 
:;:40 DATR 9094,1 0207 J 12 1:;:9, 13625 J 15294., 1:::188,20415 

F:ERD't' , 

Bo th organs will start out in octa ve I. Press ing key 2 
will cha nge them to octave 2 and press ing key 3 will 
change them to octave 3. Thus. the total range of the 
VI C orga n will be exactly th ree octaves and that of the 
Co mmodore 64 more tha n three octaves. I n the case of 
the Co mmodore 64, fo r exam ple. pressing key A on 
the keyboa rd when in the octave 2-mode will produce 

the samc note as press ing key K when in the octave-l 
mode. The octave number that is active is displayed 
above the kcyboa rd on the scree n. 

Word-Description of Program 

Figure 15.28 Screen layouts for la) the VIC orga n and 
T he program for both o rgans ca n be understood from 
the pseudocode wo rd-description give n in Figu re 
15.29. Ib) the C64 organ. 

VtC O RG AN 
OCTAVE 1 

~~ ~~~ 
W E T ~ ~ ;/ 

C 0 E f G A 

A S 0 f G H 

KEYS 1-3 SET O CTAVE 

B 

I 

Figure 15.29 Pseudocode word ·description fo r both 
orga n progra ms. 

Initialize variables 
Display keyboord 

loop , Wait for key to be pressed 
Identify key 
if key is a note key 
then play note 
else if key is 1, 2 , or 3 

then change octave number 
repea t forever 

(b) r----------- ---------, 
(64 ORGAN 

~ ~ 
~~ 

C 0 E 

A S 0 

168 

OCTAVE 1 

~ ~ ~ 
~ ~ v~ 

f G A B C 

f G H I K 

KEYS 1·3 SET OCTAV E 

~% rc; 'p' 
/ ; , 

0 

L 

E 

Variable Definitions 

The majo r va riab les used in the two orga n programs 
a re defined in Figu re 15.30. Using these variables, the 
pseudocode progra m shown in Figure 15.29 can be 
refi ned to the one shown in Figure 15.3 1. Note how the 
do til/Ii/l oo p is used to find the index I co rresponding 
to the key that was pressed. This va luc o f I is then used 
to find the proper pitch. which is sto red in P(O. I) 
where 0 is the acti ve octave number. If key 1.2. o r 3 is 
pressed. no match wi ll occur in the do until loop and L 



Figure 15.30 Major variables used in the two organ 
programs. 

K$(18) -an array conta ining the PET characters , 
A,S,D,F,G, H,J,K, L" for the white keys 
W,E,T,Y,U,O,P for the black keys 

P%( 17) -an integer array containing the pitch 
values for the corresponding keys in K$(I) 

T(3) -an array containing the timbre values 15, 

T 

P 
A$ 

51, and 85 for odaves 1, 2, and 3 

-timbre value to store in Shift Reg ister 

-pitch value to store in Timer 2 

-<haracter value corresponding to PET key 
pressed 

Figure 15.31 Pseudocode description of both organ 
programs. 

Fill arrays K$(I), P%(I) , and T(I) with 
appropriate values 

Set init ial val ue of T to 15 
Display keyboard 

loop, Wait for key A$ to be pressed 
1=1 
do until A$=K$(I) or 1= 18 

1= 1+ 1 

wiliequa l1 2inthecaseoftheV IC20a nd 18 inthecase 
of the Commodore 64. (Note tha t this is why K$(l) 
must be dimensioned as shown.) In this case I is 
changed to V AL(AS)(which wi ll be 1,2, or 3 for a valid 
key), and 0 is changed to I. 

The Main Program 

The main programs for the two organs are shown in 
Figure 15.32. They follow closely the pseudocode 
description shown in Figure 15.3 1. Line 20 initializes 
the sound. Lines 30-60 fill the arrays with the 
appropriate data. Note that all of the "white" keys are 
stored first in KS(I). Also note that the order of the 
pitch values stored in P(O,I) is the same as the 
corresponding key val ues in K$(I), according to 
Figure 15.27 . 

Lines 110-200 are a direct implementation of the 
loop ... repeal forever loo p in Figure 15.31. Subroutine 
1400, called in line 200, wi ll play the note. Code wi ll be 
added to this subroutine to display the asterisk 
"pointer" on the screen keyboard before playing the 
note. However, for now you can test the playing of the 
organ by typing the following statements to call the 
tone-producing subroutine shown in Figure 15 .26: 

1400 REM DISPLAY POINTER 

1440 GOSUB 1500: REM PRODUCE TONE 

1450 RETURN 

You will also need to write the following stub for the 
keyboard disp la y subroutine: 

600 REM D1SPLA Y KEYBOARD 

610 RETURN 

Try running the program now. 

Remaining Subroutines 

Once you have the musical pan of the organ working. 
you can finish the keyboard display subroutine as 
shown in Figure 15.33. This subrout ine will produce 
the same (respective) keyboard shown in Figure 15 .34. 
The lettering on the keyboard is printed using 
subroutine 700 shown in Figure 15.35. Lines 710-740 
print all the information on the screen. Lines 750-760 
init ialize some tab values stored in the array T8(1) that 
wi ll be used to display the asterisk "pointer" on the 
black keys of the keyboard. 

Subro utine 1400 shown in Figu re 15.36 d isplays the 
aster isk "po inter"when a key is pressed. The value of I 
in line 1410 is the va lue found in the "do unti l"loop in 
lines I 00-120 of the main program. If this val ue is 
greaterthan 7 in the case of the VIC 20 or 10 in the case 
of the Co mmodore 64, then a "black" key was pressed 
and its aste ri sk is printed by the statements starting in 
line 1460. The position at which this asterisk is printed 
by line 1470 is determined by the value in the tab array 
T8(1-7) for the VIC 20 and T8( 1-10) for the Commo­
dore 64 in line 1460. T8(1) was init ialized in lines 
750-760 of Figure 15.35. After the asterisk is displayed 
by line 1470, the note is played by line 1480 until the 
key is re leased. The asterisk is then erased by line 1485. 

Lines 1420-1 450 produce a similar effect for the 
white keys . Since the spacing of the white keys is 
uniform, the position of the asterisk on the line can be 
calcu lated by the equation K = 3*1-2 on the VIC 20 
and by K = 3*1+3 on the Commodore 64. Examples of 
the asterisks displayed when the C64 organ is played 
are shown in Figure 15.37. 

CONCLUSION 

The Hangmanand the C64 / VIC organ programs were 
developed using the six steps outlined at the beginning 
of this chapter. This is not the only way to develop a 
program , and these steps may not always be appro­
priate for a ll the programs that you write . However, 
they are a good guide to use when you get stuck and do 
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Figure 15.32 Ma in programs fo r lal the VIC 20 and 
Ibl the Commodore 64 o rgans. 

10 REt·! '·iI C OI':GAN 
20 GU3UE: 1600 : REt'1 UH Tl ALI ZE SOUt~D 
30 DIM KS( 13)JP (3J12) 
40 DATA A.S .D . F.G.H.J.W.E,T,Y.U 
50 FOR 1=1 TO 12 : READ K$O) : NEi<:T 
60 FOR 1=1 TO 3: FOR J=1 TO 12: READ PO. J): HEXT J : t~EXT I 
7(1 0=1 
80 GOSUB 600 : Ra1 Dr :::PLA',' KE'T'BOARD 
90 GET A$ : IF A$="" THEr! 913 
1£10 1=1 
110 IF R$=K:H J) OF: 1= 13 THEr! D!3 
120 1=I+l:GOTO 11 13 
130 I F l(t~: THEN 21010 
140 I ='.IAL<AJ:> : I F l(t OF: 1)3 THEr! 90 
145 0=1 : PRHH"i:iI!IW; spec 1~: ); I 
15a GOTO 9'21 
2013 P=P(O.I):GOSUB 1400 : GOTO 90 

READ',' • 

10 REt1 C64 ORGfiH 
20 GOSUB 160(1: F:Et'1 HH Tl ALI ZE c,:out·m 
30 DIM K$( 18). P(3.17) 
40 DATA A,S,D,F,G,H,.],K, L,":" ,WJE,T,Y,U,OJP 
50 FOR 1=1 TO 17 : REAl' K$ ( J) : t~EXT 

"'tI FOR 1=1 TO :::: FOR J=1 TO 17: READ P( I. J ) : t·(EXT J: f(Ein I 
713 0=1 
80 GOSUE: 600 : REt1 D I SPLA',' KE','BOARD 
9f1 GET A$: IF A$="" THEH 9(1 
1£10 1=1 
110 IF A$=K$( j) OR 1=18 THEt-I 1313 
120 1=I+l : GOTO 110 
130 IF 1(18 THEN 200 
1413 I ='·/AU fi$:> : I F I< 1 DR 1):3 THEt·( 90 
145 0=1 : PR IHT"lWW.: SPc(2 t) .: I 
150 GOlD 90 
2013 P=P(O. j): GD:3UB 14(10: GOTD 90 

READ','. 

not know how to proceed. You will proba bly develop 
your own approach lO writing computer programs. 
Programming is a skill that requires insight, crea tivity, 
a knack for prob lem-solving. and practice. 

Ir you ha ve read this entire book, typed in all the 
examp les on yo ur Co mmodore 64/ VIC 20, a nd 
worked a good number of the exercises, you wi ll have a 
good understand ing of how to wri te BAS IC programs 
on a Co mmodo re 64 / VIC 20. It is now time ror you to 
start writing your own programs. A great many useful 
programs can be wri tten ro r the Commodore 64/ VIC 
20. Pick an area in which you are an expcn. How can 
the Commodore 64/ VIC 20 help you in this area? Start 
by writing a short program, and then expand it into a 
longer, more complex program. You will find that 
writing computer programs is cha llenging, rewarding, 
and run. Good luck ' 
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EXE RC ISE 15-1 
Modiry the "rind a word" subroutine in Figure 15.15 
so that no word is selected more than once, 

EXE RC ISE 15-2 
Write a program to play the game MASTE R M IND. 
The compu ter think s o r a n N-digi t numbe r where each 
d igit ca n be in the ra nge I-M. T he player is a llowed to 
select N and M at the begin ni ng or the game. The 
player guesses a number (a ll N digits). and the 
computer responds wit h two numbers P and W. Pis 
the numbe r or digits that were correctly guessed tha t 
are in the co rrect position in the number, and W is the 
number or digits guessed that are in the number but 
were guessed in the wrong position. The player 
continues to guess numbers until the number is 



Figure 15.33 Subroutine to display the keyboard for 
the (a) VIC and (b) C64 organs, 

lal 61313 REI1 D 1 :3PLA', ~;E',BOR":D 
610 U2$="TITl I I I 1 I I 1]" 
615 POKE 36879,j 1 : PR ltH ",." 
620 PR nIT":-J" ; TAB (7) ; " :U 1 C ORGAH" 
630 PRINT : PRHIT TAB (7:>.: "OCTAVE 1" 
635 PRHH 
6413 FOR J~1 TO 12 
645 FOR 1~1 TO 7 
650 PR 1 NT" ,. I" ; : ~f E>':TI : PR Hn: rlEXT J 
655 B$=" ,.I .................. " 
6613 S1$~" • ..-...-. ••• ..-...-.," 
665 :32$="" •• ..... .. " " 
67121 PRINT"!! 10 ~ U2t .; S1$; B$j 
680 FOR I~I TO 5 : PRlIH :32$;B:t; : rlEXT 
690 GO:,UB 7138: REI-1 D 18PLR', LETTER 1 HG 
695 RETURN 

READ', • 

Ibl 6130 REI'1 DI SPLAl' KE'rBORRD 
605 RR=54272: REI1 I1U8 1 C REG 1 8TER~: REFERElfCE RDDRE~;:, 
610 U2$= II . 11111111 I I I )I' 
615 POKE 532801 5 :POKE 53281,0 :PRINT 1I~1I 
6213 PR I HT":-J" ; TRB (! 5 ) ; "X64 ORGRW 
6313 PRIHT : PRHIT TRB( 15) ; "OCTRVE 1" 
635 PRINT 
6413 FOR J=1 TO 12 : PRHfT " 
645 FOR 1=1 TO 10 

" ' , 

650 PR lIH " ~ I" ; : I~E~~TI : PR HH : ~fE,n J 
655 B$=" 4 ........................... " 
660 81$= " • ..-...-. ••• ..-...-...-. ••• ..-.," 
665 82$~ ".. •• ••••• •• •• ..... .. " 
670 PRINT I1 !! II;; U2$ i :;1$; B$; 
680 FOR I~1 TO 5 : PRIHT 82$; B:t ; : ~fEXT 
6913 GO:,UB 7('13: REI'1 [I I SPLA'r LETTER I riG 
695 RETURri 

READ'r . 

Figure 15.34 Keyboa rds for the (a) VIC 20 and (b) 
Commodore 64 subroutines shown in Figure 15.33. 

A s D F G H 

II- E 'T' 'oo, 1. - co: = E T ., , 

J 
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Figure 15.35 Subroutine to display the le ttering on the 
(a) VIC 20 and (b) Commodore 64 organ keyboard. 

lal 700 REI'I D I SF'LA'" LETTEr;: HI!] 

Ibl 

710 PF: HIT" :rna-I •• B .... rn.'''' •• J'' 
720 pr;: I ,IT " 1.!11~n;'''ID''El'F •• mnnlB'' 
730 PR I HT " :.lo.l .... Fi •• mnnn.m • ., .• lI " 
740 PRItH"i!lPll'.!Jl KE'iS 1-3 SET OCTR ..... E" 
750 DATA 2/5 , 11 ,1 4 ) 17 
760 FOR 1=1 TO 5 ' RERD TB ( 1) ' t~ EXT 
770 RETURfl 

READ'i. 

700 REI-I DISPLA'i LETTER IHG 
710 PR I ,IT" :rna,ll.E ...... rn.r,' •••. n" .... I) •• F·" 
720 PRI HT" JiW.j .D.ID •• E •• F •• mnillllB •• D.m •• E" 
730 PRHIT ":P1l'1 .... Fi •• IS •• ID •• n.m •• ·u.l1 •• n.u.r" 
740 PRINT":P1l'Pl'l KE'iS 1-3 SET OCTAVE" 
750 
760 
770 

DATA 7,10 , 16 , 19 , 22 ,28,31 
FOR 1=1 TO 7 ' RERD TB ( I ): t,EXT 
RETUR,I 

READ'" • 

Figure 15.36 Subroutine to display the asterisk 
"painter" and produce the tone on the (a) VIC 20 
and (b) Commodore 64. 

lal 1400 F:Et'l DI:3PLA'r' POHITER 
1405 D8$=" 11'1'",.!I1l!Wo.l" : D3$=D8of+" :P1l'.oo'l'J" 
1410 IF 1)7 THEfl 1460 
1420 ,:=3*1-2 
1430 F'F~ I ~n II !=i" i D3$ j SPC ( K) .; " ~#'11 1t ; 
1440 G0:3UB 1500 ' RE~1 PRODUCE TO,IE 
145.3 PR I NT" !!!O:l" .:' RETURfl 
1460 K=TB(!-l) 
14713 PRnnll~" i D8$ ; SPCOO ,; u*n" ,: 
1480 GOSUE: 1500 
1485 PRINT" ~"; : RETURN 

Ibl 14£10 REt1 DISPLAY F'OItHER 
14'35 D8$=" :~m"l!l~m'l'J" ' D3$=D8$+" ~IIf!If!!!i'l" 
1410 IF 1) 10 THEN 1460 
1426 K=3* I +:3 
143£1 PR I HT t1::i1l ,: D:::l$; SPC(K) j "~i+:llll i 
1440 GOSUB 1500 ' REt1 PF:ODUCE TOt'IE 
1450 PR nIT " !!=3"; : RETURN 
1460 K=TB (!- 10) 
147£1 PRI~n't~1I i D8$; SPC(K); "*11"; 
1480 GOSUB 1500 
14:=:5 PR I t-n " ~II j : RETIjRt~ 

READ'r'. 

guessed (or until the p layer gives up and asks fo r the 
answer). \Vhen the number is guessed. the computer 
displays the number of tr ies that it took to guess the 
number. 
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Figure 15.37 C64 organ when (a) playing a white key 
(F) and (b) a black key (T). 

lal 

Ibl 



EXERCISE 15-3 
Write a program that stores a song in DATA 
statements (see Exercise 14-7) and then plays Ihe song 
when the program is run . 

EXER C ISE 15-4 
Modify the program in Exercise 15-3 to store seve ral 
songs that the user can select by numbe r. 

EXERC ISE 15-5 
Write a program that wi ll remember each key pressed 
on the C64/ VIC organ and the length of time that each 
key is pressed (see Exercise 14-4) . Have the program 
replay the song when the zero key is pressed . 

EX ERC ISE 15-6 
Write a program to play the card game blackjack 
against the computer. The player first places a bet. 
Two card s are dealt to the playe r. and two ca rds arc 

dea lt to the comp uter (one face up and one face down), 
The player can ask for a hit (another ca rd ) as many 
times as he or she wants. The player's goal is to have a 
higher co unt than the comp uter without go ing ove r 2 1. 
Face ca rd s counl as 10, and an ace can co unt as ei ther I 
or 11 . Beingdealt an ace and a face ca rd is a b lackjack 
and an automatic win. I f the playe r's co unt goes ove r 
21, il is a "busI" and the player loses. After the playe r 
stops taking hit s (wi th the card count less than or eq ual 
to 2 1). the computer turns ove r its fa ce-d own ca rd and 
can then tak e add iti onal cards to try to beat the playe r. 
The computer wi ll a lways take a hit if its card count is 
less than 17. The computer will always stand for a ca rd 
count of 17 or greater. If the playe r wi ns. the amount 
of the bet is added to his or her winn ings. I f the 
computer wins. the amount of the bet is subtracted 
from the pla yer's winn ings. No money is wo n or lost on 
a tie. Have the program continue playing and keep a 
running total of the playe r's winnings. 
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APPENDICES 

APPENDIX A-RESERVED WORDS 

The following rese rved wo rds ca nn ot be used as 
va riable names or parts of var iable names in a 
BASIC program : 

ABS 
AND 
ASC 
ATN 
CHR$ 
CLOSE 
CLR 
CMD 
CONT 
COS 
DATA 
DEF 
DIM 
END 
EXP 
FN 
FOR 
FRE 

GET 
GET# 
GOSUB 
GOTO 
IF 
INPUT 
INT 
LEFTS 
LEN 
LET 
LIST 
LOAD 
LOG 
MID$ 
NEW 
NEXT 
NOT 
ON 

OPEN 
OR 
PEEK 
POKE 
POS 
PRINT 
PRINT# 
READ 
READ# 
REM 
RESTORE 
RETURN 
RIGHT$ 
RND 
RUN 
SAVE 
SGN 
SIN 

APPENDIX B-ASCII CODES 

SPC 
SQR 
ST 
STEP 
STOP 
STRS 
SYS 
TAB 
TAN 
THEN 
TI 
TI$ 
TO 
USR 
VA L 
VE RIFY 
WAIT 

Table B.1 shows the ASC II codes for a ll lette rs, 
digits, punctuat ion marks, and the standard graph-
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ic sy mbols. Table B.2 shows the ASC II codes for 
o th er specia l keys. 

APPENDIX C-PEEK/POKE CODES 

Table C. I shows the PEEK/ POKE scree n codes for 
the standard uppercase/ graphics character set. Ta ble 
C.2 gives the PEEK/ POK E screen codes for the 
alternate lowercasel uppercase character set. 

APPENDIX D-HEXADECIMAL NUMBERS 

Alt hough no t needed when programming in BAS IC, 
hexadecimal numbers are useful when dealing with 
data as it is actually stored in the computer. The 
following is a brief introduction. 

Consider a box co ntaining onc marble. When the 
ma rble is in the box , we will say that the box is/ull a nd 
associate the digi t I with the box. If we take the marble 
out of the box , the box will be empty, a nd we wi ll then 
associate the digit 0 wi th the box. The two binary digits 
o and I are called bilS, and with one bit we can count 
from ze ro (box empty) to one (box fu ll) as shown in 
Figure 0.1. 



TABLE B.l ASCII codes for letters, digits, punctuation marks, and 
graphic symbols. 

32 48 0 
33 49 1 
34 " 513 2 
35 # 
36 $ 
37 % 
38 Ii. 
39 J' 

413 ( 
41 ) 

42 * 
43 + 
44 
45 -
46 • 
47 I 

51 3 
52 4 
53 5 
54 6 
55 7 
56 8 
57 9 
58 
59 
613 ( 
61 :;;: 
62 ) 
63 ? 

64 @ 
65 FI 
66 B 
67 C 
68 D 
69 E 
7121 F 
71 G 
72 H 
73 I 
74 .] 
75 K 
76 L 
77 r'l 
78 H 
79 0 

8121 F' 
81 Q 
82 R 
83 S 
84 T 
85 U 
86 V 
87 I~ 
88 X 
89 'T' 
9121 Z 
91 [ 
92£ 
93 ) 
94 'I' 
95 To 

TABLE B.2 ASCII codes for special keys. 

5 WHITE 31 BLUE 
13 RETURN 133 Fl 
14 LOWERCRSE 134 F3 
17 CRSR DOVlN 135 F5 
18 RVS ON 136 F7 
19 HOME 137 F2 
20 DEL 138 F4 
28 RED 139 F6 
29 CRSR RIGHT 14121 F8 
30 GREEt·l 141 SH I FT RETUR,l 

96-
97 ~ 
98 I 
99 

112113 -
101 -
102 -
103 I 
104 I 
105 .... 
106 ... 
107 .I 

108 L 
109 " 
110 / 
111 r 

11 2 -I 
11 3 • 
114 -
115 • 
116 I 
11 7 , 
11 8 X 
119 0 
120 'fo 
121 I 
1"" • 
123 + 
124 • 
125 
126 fT 

127 " 

142 UF'PEI<:CASE 
144 BLACK 
145 CR81<: UP 
146 RIIS OFF 
147 CLR 
148 "1ST 
156 PURPLE 
157 CRSR LEFT 
158 'fELLOIol 
159 C'fRt·l 

TABLE C.l PEEK/ POKE codes for standard uppercase character set. 

o @ 
1 A 
2 B 
3 C 
4 D 
5 E 
6 F 
7 G 
8 H 
9 I 

10 J 
11 K 
12 L 
13 r'l 
14 N 
15 0 

16 P 
17 Q 
18 R 
19 S 
20 T 
21 U 
22 V 
23 ~,~ 

24 X 
25 Y 
26 Z 
27 [ 
28 £ 
29 ) 
30 t 
31 f-

32 
33 ! 
34 
35 # 
36 $ 
37 % 
38 &. 
39 ' 
40 ( 
41 ) 
42 * 
43 + 
44 
45 -
46 
47 I 

48 0 
49 1 
50 2 
51 3 
52 4 
53 5 
54 6 
55 7 
56 8 
57 :3 
58 
59 
60 ( 
61 ;::: 
62 > 
63 ? 

64 -
65 ~ 
66 I 
67 -
68 -
69 -
70 
71 I 
72 I 
73 , 
74 ... 
75 .; 
76 L 
77 ..... 
78 / 
7~" r 

30 '1 
81 • 
82 _ 

83 " 
84 I 
85 
:36 X 
87 0 
88 + 
89 I 
90 • 
91 + 
92 l 
93 
94 fT 

95 ~ 

TABLE C.2 PEEK/POKE codes for alternate lower case characte r se t. 

13 @ 
1 •. 
2 b 
3 c 
4 d 
5 e 
6 f 
7 9 
E1 h 
9 i 

Hi; 
11 k 
12 \ 
13 rtl 

14 n 
15 0 

16 p 
17 '~ 
18 r 
19 s . 
20 t ' 
21 u. 
22 v 
23 1.1.' 

24 " 
25 ~ 
26 z 
27 [ 
28 £ 
29 ) 
313 l' 
31 ~ 

32 

34 
35 # 
36 $ 
37 % 
:;::3 & 
39 ,; 
413 
41 ) 
42 ;j< 

43 + 
44 , 
45 -
46 
47 I 

48 10 
49 1 
50 2 
51 3 
52 4 
53 5 
54 6 
55 7 
56 8 
57 :;; 
58 
59 
60 ( 
61 = 
62 ) 
63 ? 

64 -
65 A 
66 B 
67 C 
68 D 
69 E 
713 F 
71 G 
72 H 
73 I 
74 ,J 
75 K 
76 L 
77 r'l 
78 t~ 
79 0 

80 F' 
81 G! 
82 R 
83 S 
84 T 
85 U 
86 V 
87 I~ 
88 X 
89 'T' 
90 Z 
91 + 
92 ~ 

94 ;-; 
85 $:~ 

16121 
161 I 
162 • 
163 -
164 
165 
166 m 
167 
168 ~~ 
169 ,... 
170 I 
171 f 
172 • 
173 l. 

17 4 , 
175 

96 
97 I 
98 • 
99 -

113121 
101 
1132 ;\" 
1133 I 
104 '" 
105 ,... 
106 I 
Hi7 f 
108 
109 t. 

liB , 
111 

96 
97 
98 • 
99 

1130 _ 
101 
102 iii 
1'33 I 
10~· 'I' 
105 ~ 
1136 I 
107 f 
108 
1139 ' 
110 , 
111 

176 r 
1-,-, , , .J. 

178 ,. 
179 -1 
180 I 
181 I 
182 I 
183 -
184 -
185 _ 
It:6 ...J 
187 • 
188 II 

1:39 .J 

190 
191 -, 

112 r 
11 3 .J. 

114 ,. 
115 , 
116 I 
117 I 
118 I 
119 -
120 -
121 _ 
122 -I 
123 • 
124 
125 .J 

126 • 
127 -, 

112 r 
In .J. 

114 ,. 
115 -I 
116 I 
11 7 I 
118 I 
119 -
120 -
121 _ 
122 v 
123 • 
124 
125 J 

126 
127 -, 
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Consider now a second box that can also be full ( I) 
or empty (0). However, when this box is full it will 
contain two marbles as shown in Figure 0.2. With 
these two boxes (two bits) we can now count from zero 
to three as shown in Figure D.3. Note tha t the value of 
each two-bit binary number show n in Figure 0.3 is 
equal to the tOlal number ofmarb lcs in the two bo xes. 

'-A..J 

o = empty box 1 = full box 
Number of marbles = I) Number of marbles = 

fiGURE 0.1 You con count from 0 to 1 with one bit. 

0= empty box 1 = full box 

f iGURE 0.2 This box con contoin either two marbles (full) or 
no marbles. 

We can add a third bit to the binary number by 
adding a third box that is full (bit= I) when it contai ns 
fo ur marbles and is empt y (bit=O) when it co ntains no 
marbles. It must be either fu ll (bit = I) or em pty 
(bil = O). With this third box (three bit s) we ca n count 
from zero LO seven as shown in Figure 0.4. 

T otol number of marbles 

'-----' '-----' o 
0 0 

'----.J '-A..J 
0 

~ '-----' 2 
0 

'-.A..LJ '-A..J 3 
1 1 

f iGURE D.3 You can count from 0 to 3 with two bits. 

FIGURE 0.4 Vou can count from 0 to 7 with three bits. 

'-----' '-----' '-----' o 
0 0 0 

'-----' '-----' '-A..J 
0 0 

'-----' '-..L4LJ '-----' 2 
0 1 0 

'-----' '-..L4LJ '-A..J 3 
0 1 1 - '-----' '-----' 4 

0 0 - '-----' '-A..J 5 
1 0 - '-..L4LJ '-----' 6 

0 - '-A.LJ '-A..J 7 
1 1 1 
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If you want to cou nl beyond seven, you must add 
another box. This box must contain eight marbles. 
The binary number whose value is eight would then be 
written as 1000. Remember that a I in a binary number 
means that the correspond ing box is full of ma rbles. 
The number of marbles that consti tutes a full box 
varies as 1,2,4,8 starting at the right. This means that 
with four bits we can count from 0 to 15 as shown in 
Figure D.5. 

fiGURE 0 .5 You can count from 0 to 15 with four bits. 

No. 01 Marbles 
;n each lull box 

(b it = J) Total no. 
B 4 2 of marbles Hex Digit 

0 0 0 0 0 0 
0 0 0 1 
0 0 0 2 2 
0 0 1 1 3 3 
0 0 0 4 4 
0 0 I 5 5 
0 0 6 6 
0 I 7 7 

0 0 0 B 8 
0 0 1 9 9 
0 0 10 A 

0 1 1 11 B 
0 0 12 C 
0 1 13 D 

0 14 E 
15 f 

It is convenient to represent the tota l number of 
marbles in each set of boxes (that is, each four-bit 
binary number) shown in Figure D.5 by a single 
character. called a hexadecimal digit. The sixtee n 
hexadecimal digits are shown in the right-hand 
co lumn of Figure D.5. The hexa decima l digits 0-9 a re 
the same as Ihe dec imal digits 0-9. The hexadecima l 
digits A-F are used to rep rese nt the decima l numbers 
10-15. Thus, for example. the hexadecima l digit Dis 
eq uiva lent to the decima l number 13. 

In order to count beyo nd 15 in binary you must add 
mo rc boxes. Each full box you add must co ntain twice 
as ma ny marbles as the previous full box. With eight 
bits you ca n count fro m 0 to 255. A few examples are 
shown in Figure 0.6. Given a binary number, the 
correspo nding deci ma l number is equal to the total 
number of marbles in all of the boxes. To find th is 
number. just add up all the marbles in the full boxes 
(the ones with binary digits = I). 

Binary numbers become more cum be rsome to work 
with as their lengt h increases. We then use the 
co rrespo nding hexadecimal number as a shorthand 
met hod of rep resent ing the binary number. This is 
very easy to do . You just divide the binary number into 
grou ps of four bilS starting at the right and then 



FIGURE 0.6 You con count from 0 to 255 with eight bits. 

No. of marbles in each full box (bit = J) 

128 64 32 16 8 4 2 1 

0010100 
1 0 0 0 0 

1 1 1 1 

Total 
no. of 

marbles 

52 
163 
255 

represent each four-bit group by its corresponding 
hexadecimal digit. For example, the binary number 
10011010 is equivalent to the hexadecimal number 
9A(1001=9 and 1010=A). You should ver ify that the 
total number of marbles represented by this binary 
number is 154. 

Instead of counting the marbles in the "binary 
boxes" you can count the marbles in "hexadecimal" 
boxes. The first "hexadecimal" box ca n contain any 
number of marbles from 0 to 15 (O-F hex). The second 
"hexadecimal" box must contain multiples of 16 
marbles (16,32, 64, ... ). For the hexadeci mal number 
9A, the first box contains A'I= 10 marbles and the 
second box contains 9* 16= 144 marbles. Therefore, 
the total number of marbles is equa l to 144+ 10= 154. 

A third hexadecimal box would contain a multiple 
of 16'=256 marbles, and a fourth hexadecimal box 
would contain a multiple of 16' =4,096 marbles. As an 
example the 16-bit binary number 

1000011111001001 

8 7 C 9 

is equivalent to the decimal number 34,761 (that is, it 
represents 34,761 marbles). This can be seen by 
expanding the hexadecimal number as follows: 

8 X 16' = 8 X 4,096 = 32,768 

7 X 16' = 7 X 256 = 1,792 

C X 16' =12 X 16= 192 

9 X I6° =9 X 1= 9 
34,761 

You can see that by working with hexadecimal 
numbers you can reduce by a factor offour the number 
of digits that you have to work with. 

The following table will allow you to convert 
hexadecimal numbers of up to four digits to their 
decimal equivalents . Note, for example, how the four 
terms in the conversion of 87C9 .given above can be 
read directly from the table. 

APPENDIX E-SUMMARY OF BASIC 
STATEMENTS 

The following summary gives examples of usmg 
various statements in CBM BASIC. For a more 

TABLE 0.1 Hexadecimal and Decima l Conversion 

15 BYTE 8 I 7 BYTE o 
15 CHAR 12 II CHAR 8 7 CHAR 4 3 CHAR 0 

HEX DEC HEX DEC HEX DEC HEX DEC 
0 0 0 0 0 0 0 0 
1 4096 1 256 1 16 1 1 
2 8. 192 2 512 2 32 2 2 
3 12.288 3 768 3 48 3 3 
4 16.384 4 1.024 4 64 4 4 
5 20.480 5 1.280 5 80 5 5 
6 24.576 6 1.536 6 96 6 6 
7 28.672 7 1.792 7 112 7 7 
8 32.768 8 2.048 8 128 8 8 
9 36.864 9 2.304 9 144 9 9 
A 40,960 A 2,560 A 160 A 10 
B 45,056 8 2,816 B 176 B 11 
C 49, 152 C 3 ,072 C 192 C 12 
0 53. 248 0 3,328 0 208 0 13 
E 57,344 E 3.584 E 224 E 14 
F 61.440 F 3.840 F 240 F 15 

detailed discussion of each statement, refer to the 
sections beginning on the pages cited. 

Data Transfer Statemenfs Page 

PRINT AS; D, C 2B 
INPUT "ENTER VALUE"; C 37 
GET AS: IF A$="" THEN 10 96 
READ A,B,C$ 84 
DATA 5,10,JOE 84 
RESTORE B5 
OPEN 1,1,1, uDATANAME" (write to casselte) 162 
OPEN 1,1,0, "DATANAME" (read from cassette) 162 
PRINT01,WS 163 
INPUT#l,W$ 164 
CLOSE 1 163 
X = PEEK(32768) 129 
POKE 59468,14 130 

Branching and Looping Starements 

COTO 20 19 
IF Ml >M2 THEN PRINT "TOO SMAll"; COTO 20 42 
FOR 1=1 TO 10; PRINT I; NEXT I 62 
COSUD 500 
RETURN 
ON I COSUB 100,200,300 
ON NH GOTO 960,965,970,975,980,985 

BASIC functions 

Z=SQR(X) 
Z=ABS(X) 
Z=INT(X) 
Z=SCN(X) 
Z=TI 
A$=TI$ 
X=RND(l) 
Z=SIN(X) 
Z=COS(X) 
Z=TAN(X) 
Z=ATN(X) 
Z=LOC(X) 
Z=EXP(X) 
DEF FNA(R)=rr'R I2 

square root 
absolute value 
integer value 
sign 
number of jiffies 
time 
random number 
sine 
cosine 
tangent 
arc tangent 
natural logarithm 
exponential function 
define user function 

74 
74 

111 
160 

Page 

31 
31 
31 
31 
32 
33 
33 
34 
34 
34 
34 
35 
35 
35 

177 



String-Related Statements 

BS= LEFTS(AS,I) 
BS= RIGHTS(AS,I) 
BS=MIDS(AS,I,J) 
B$=MID$(A$,I) 
N=LEN(AS) 
N=VAL(AS) 
AS=STRS(A) 
N= ASC(AS) 
A$= CHRS(A) 

Other Statements and Commands 

DIM A(20),BS(3,15) 
lFRE(l) 
NEW 
SAVE "PROGRAM NAME" 
VER IFY 
LOAD IIPROGRAM NAME" 
RUN 
CONT 
STOP 
END 
LIST 
REM REMARK 
CLR 

Page 

116 
116 
116 
117 
117 
117 
117 
118 
119 

Page 

107 
108 

16 
16 
16 
17 

9 
19 
19 
20 
21 
20 
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APPEN DIX F- USING MACHI NE 
LANG UA GE S UBRO UTINES WITH BASIC 

This append ix ass umes that you know how to write 
6502 assemb ly language programs. Ir you have a 
mach ine language sub routi ne, there are two ways that 
yo u ca n access this sub routine fro m a BAS IC 
program. T he first is to usc the S YS command. a nd the 
second is to li se the US R runctio n. 

T he BAS IC co mma nd SYS(addr) will tra nsfer 
cont rol to a machine la nguage subro utine start ing at 
the decimal address add,.. This command can be used 
in e ither the immediat e mode o r the deferred mode . 
When the machine lang uage subroll tine executes an 
RTS instruction, con trol wi ll return to the ca ll ing 
BAS IC progra m. 

In BAS IC, data va lues can be passed to and from a 
machine lang uage subro utine by using the US R 
fun cti on. When the BA S IC statement X=US R(A) is 
executed , the value of A is placed in the noating po int 
accumulaLOr in the hex locati o ns $6 1-$66 (97-102 
deci mal). and co ntro l is then transfe rred to a machine 
language subroutine wh ose starting address has been 
placed in locations 000 I (LS B) and 0002 (M S Il ) o n the 
VIC 20 a nd locat ions 785 ( LS Il) and 786 (M S Il ) o n the 
Commodo re 64. 

When your machine language subro utine executes 
an RTS instruction , the fl oati ng point number 
currently stored in the fl oating point accumulato r wi ll 
be ass igned to the va lue of the func ti o n US R. That is, it 
will beco me the va lue o f X in the statement X :;::: 
US R(A). 
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APPENDIX G- ANSWERS TO SELECTED 
EXERCISES 

EXERC ISE 2- 3 

g ~~f"~ E:~1I·n::::~~:~':~~ •• J:.'l!J.J:m.,:!:" 
EADY. 
UN 

::::::!~~::: 
::::l::: 
EADY. 



EXERCISE 2-3 eonld. 

o E6$=" 0 ~.".I. ;::~\l!I."N ::::\1 ~ •• 
, II\XI'.!II" \" 

l'RTIITTS$ 
EADY. 
UII 

o 

.~ 
EADY. 

i 

EXERCISE 4- 1 

lu Bi!:::" .~II1I." 

~'(1 B9$=" :'lII11II1II11U.I" 
:~:0 Al.t ;:;;:: "~V / ~" 

40 A.2.t=" m~{$,W(..~ili£W' 

5u A3$:::" i*~ ~" 
60 A4$=A2$+ " ;:~ !!" 
7(1 A~, $:::n2J+" iP'" " 

EXE RCISE 4-1 

c:f:j F'R I t·11 A l.f : \;91 : A4J.: E:S<$ .: 1'1:.1' .: B9:r .: FGf .. . E:3r.: " @~"/ 
90 PR nnE9:f .. " ;'¥" !;!" .: A3:f.: £:"$ .: 1·141', ':"$.: H:5:r ; 

1-: E F1.U ',' • 

l~' 1:,_,J :;::; " :,;;.:::.;. =:i. .• - ~" 

-:U B9';= " Ulllllii.~ •• III" 
,,:~, I;n=" ,JillilIIUI" 
.:::,,' flU' ":, .. " ,'-
·h:.1 1-1 Lj:= " , ... : .~J:,.;;=::m~ .. " 
: .l1 H ·?.l :: " :-i:L ;:~ ~ " 

':'5 fH J = " ;:;;::;.. ,;;..;.~~;f.::; " 

r,:.1j PP I I~ r Hit, B::,.. ·r ~ H'::::!, "~~ ~", B9:f ,: R2$ .. "I''' ,: 1::9$ ; 1-1:'::$, 1::;3 $; 1::6:t· .: " ;:.(/ !!!" .; B7$.: R4$ j ";:~ !!"; 
70 PR'l}n f: /$" A·I I .. "r''' ; f:? j: " ft :"'::j:.: 1:: .3,(", t :':, .f .' " ::~ /~" ; 1:9$ j ft2:t., " ::1 !I!"; B9$.: ft2$; 10 JP''' ; 

PEH1,', . 

179 



EXERCISE 4-2 

!0 B$=" ••••••• I" 
20 A$=I1~ II 

30 AI$=".. ." 
40 A2$::;;1I I I 

50 A3$=" • II 

613 A4$= II. ..11 
70 A5$=" 5" 
80 PRINTA$; B$; AIS; B'; A2$; Ill ; A2S ; U; A3$ ; I;$ ; A2$.; B'; A2;f·; !:I' , A4S ; !l$ ; H5$; 

READ'~. 

10 B7$= II )'.1 ••••• 11" 
20 R$=II:iJ II 

30 Al$='1 ~ ~T II 

40 112$;;:: 11 II II 

58 R3$= II !! ~ I II 

60 R4$=1I !! :1 I II 

70 R5$:::: II !! ~ J II 

Sf) A6$=" 1 I I" 
90 A7$=11 ~ ~~1 II 

100 A8$=1I J" 
110 PRlt~TA$; B7:.t; Alf·; Bll; R2$j B7$; A3$; B~;':r; A4$ j B7:t,: 1-J~5:t,.; 1:l :t; t=t 6,f,; B~,· :t: .. t1("·';:l:.: f:/ :t. ; ~t;:: :;:; 

120 Sl$="~~" 
130 S2$::;: II , I III I 1 ••••• 11+ 11 

140 PR IIns 1$; 32$; " :'WI\l~t'm'"!il" 

READ'~ _ 

Ie B7$=" J!IIII11I1II1I" 
20 A~' =" :~~ 
30 Ai$:;:" n 
40 112$= I, !!.' •. ~ I 
5 121 A3$=" !! 
60 A4$=" !! 

" 

70 A5$=1I ~ :1 I I 

80 A6$= " 1 I~ " 
90 A7$=" Ll!'!I"'<l " 
100 A8$::;;'* G:!" 
110 PRINTA$ ; B7$ ; Al .; B71 ; A2$ ;B7. ;A3$;B7:t;A41;B7$;A5S;B7S;A6$; B7.; A7$ ; B7$;A8$; 
12121 Sl $=II ~"'1I 
130 32$=". I I I I IIIII.I!IIIIII+" 
140 PR I ~HS 1 $ i 82$; "JI,l!IXlllfll(11~I~I!!1" 

READ'~_ 

10 B7t~"~I •••••• I" 
213 A$=" a< 
30 Al$z=" 
40 A2$:::" 
50 A3$:::: " 
60 A4$= " 
70 A5$:::: 1I 
80 116$:;:" 
90 A7$::::" 

" 
"'!!! ;:.r 

1 ~ :< 
!!'" ";::1 
!!! :~ 
I!!I. :~ 

!1M :< 1 
!!I'" ~;:~ 

1'210 R8S=" K" 

" 
" 

" 
" 

110 PRINTA$;B7S;A1$; B7S;A2$ ;B7$; A3S;B7$;R4S ; B7S;A5$;B7$;A6$;B7S;R7S;B7S; A8S; 
120 Sl$::: ":-JK'" 
130 :32$=" ~lTITTlllllllillllil~" 
1413 PR IIH::; 1$; 32$; "~l'I~ll!ffi'm~J" 

READ',' _ 

EXERC ISE 4-3 
a. 1.095445 12 b. - 0.05 c. 0.4 16666667 d. 1.29099445 e. 3.62686041 
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ASS. absolute value. 31- 32 
Acreage, 60 
Addition, 23 
ADSR , 143 
Algorithm. 48 
Ahcrnatc Character Sct, 132- 34 
American nag (See Flag) 
A '0.46 
Arl, 24 
Apple 11 . I. 15 
Arc tangent, 34 
Area: 

of a circle. 36. 39, 43- 44 
of a rectangle. 38- 39. 44- 45 
of a triangle. 47- 49. 55 - 56 

Areas. (See plotting) 
Arithmetic ex press ions. 24 
Array of points. (See plotling) 
Arrays. 106- 114 

integer. 107, 122 
multi-d imcnsional. 108 
onc-dimcnsional , 106- 8 
three-dimensional , 139 
two-d imensional, 108- 9, 125 

ASC. 11 8- 19 
ASC II codcs, 11 8- 19. 133. 174- 75 
Asscmbly language. 14- 15 
Alari . I 
ATN, 34 
Attack, 143 
Avcrage. 53 . 11 4 

Bad subscript error (See errors) 
Bar grnphs. 84-95 

adding scale. 87- 88 

INDEX 

horizontal. 86- 89 
multiple. 92- 94 
of economic da ta. 92- 94. 133 - 35 
spl itting the difference, 88 - 89 
usi ng arrays. 109- 11 1 
vertical. 89 - 94 

Base address. 137 - 38 
BAS IC. 1. 14 

CBM, 14 
interpreter. 3, 14 
program. 20 

Binary number. 128. 176 
Blackjack. 173 
Blinking curso r, 100 
Boxes , (See drawing) 
BREAK. 19 
Buffe r, (See keyboard) 
8 11il t~in functio ns. (See Functions) 
Byte. 3. 128- 29 

Calculator mode. 23 - 25 
Ca rd number, 122 
Ca rds. (See Playing cards) 
Cassette tape recorder. 15- 17 

sto ring data. 162- 65 
CBM.14 
Celsius. 4 1 
Cents (See Dollars and cents) 
Checkerboa rd pauern: 

custom. 40- 41. 56- 57. 70 
random. 49, 54- 55 

C HR S.1 18- 19 
Circle (See area; c ircumference) 
Circumference of circles, 43- 44 

Clicks. 14 1. 146 
CLOSE statement. 162- 63 
cLie 108 
CTR l key. 4- 6 
Colon. 21 
Color codes . 13 1 
Color keys. 5- 6 
COLOR RAM. 131. 137- 38 
Comma: 

adding to dollars and cents. 121 
in PR INT sta tement. 27 

Commodore 64. 1 
Com pound interest, 35. 6U. 114 
CONT. 19 
COS. 34. 78. 83 
Cosine. 34 
Cursor. (See blinking curso r) 
Curso r keys. 3 
Cursor moves in PRI NT statement, 

7- 8 
Curves (See plouing) 

DATA statement , 84- 86 
Dealing hand of cards. (See Playing 

cards) 
Debugging. 19 
Decay. 143 
Deck of cards. (See Playing ca rds) 
DEF FN. 35 - 36 
Deferred mode of execution, 9. 84 
Defining your own graphic 

charac ters 
(See Graphic cha rac ters) 

Delay loop. 100 
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DEL key (See INSE RT/ DELETE 
key) 

Division, 24 
D IM statement, 107- 108 
Disk, (See floppy disk) 
Do unti l (See Loops) 
Do while (See Loops) 
Dollar sign (See string funct ions, 

string variables, and Dollars 
and cents) 

Dollars and cents 
printing, 119- 2 1 

Doubl ing time (See exponential 
growth) 

Drawing 
boxes, 63- 64 
diagonal li ne. 98 
flag (See Flag) 
lines (See Plott ing) 
pictures interactive ly. 97- 102 

Economic data (See Bar graphs) 
Editing a statement, 9- 11 
END. 20 
End-of-tape (EOT), 163 
EOF mark, 163- 64 
Errors 

bad subscript. 107 
ill cgal quan ti ty, 99 
out of da ta . 84- 85 
out of memory. 108 
overflow, 26 
rcdim'd array, 108 
RETURN without GOSU B, 86 
syntax. 3 
verify. 16. 18 

EX P. 35. 78 
Exponentia l function. 34 
Exponentia l growth. 35 
Exponent iation, 24 

Fahrenheit, 4 1 
Fibonacci sequence, 60 
Fighter pla ne with phasers, 

102- 105 
File name, 16 
Flag. America n, 6 1, 68 - 70 
Floppy disk. 17- 18 

Storing data. 162- 65 
Flowchart. 51- 53 

struct ured. 5 1- 53, 57 - 60. 62- 63 
FO R ... NEXT loop, 62 - 72 

nes tcd. 65- 68. 77 
F RE, 108 
Frequency (See Musical scale) 
Functions: 

built -in. 31 - 35 
uscr-defined. 35- 36 

Gas mileage program, 39- 40, 43 
bar grapb. 95 

GET statement. 96- 105 
GOSUB.74 - 76 
GOTO. 19 
Graphic keys , 3 
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Gra phic cha racters, 3, 7-9, 148 
alternate character set, 133 
changing, 101 
defining your own, 148- 52 

Graphic figures, 4, 12- 13, 29- 3 1, 
40- 4 1 

Graphics, 4, 7, 29 - 31 
Sprite (See Sprite graphics) 

Ha ngma n. 155- 62. 165- 66 
Hexadeci mal: 

numbers, 129, 174- 77 
to dec imal conversion, 177 

Horizonta l bar graphs (See Bar 
graphs) 

Hypotenuse. 31- 32 

If. . . then ... else, 50- 52 
IF ... T HEN statement. 42- 45 
Illegal qua nt ity error (See Errors) 
Immedia te mode. 7- 8. 23. 63. 80. 92 
Income tax, 52 
INPUT statement , 37- 4 1, 96 
INPUT#. 164- 65 
INSERT/ DELETE key, 8- 10 
INT. 31 - 32 
Integer array, (See Arrays) 
Integer value. 31- 32 
Interest (See compound interest) 
Interpre ter. (See BAS IC) 

J ack, 3 1. 139 
Ji ffies, 32, 49, 154 

Keyboard, 1- 6,37, 129- 30 
C64/ VIC organ. 171 

Keyboa rd buffer, lOS 
Ki ng, 3 1. 138- 39 

LEFTS, 116 
LEN. 117 
Letters. (See Three-Dimensional 

letters) 
Line length, 12- 13 
Lines, (See Plott ing) 
LI ST, 9- 10. 21- 22 
LOAD. 17- 18 
LOG, 35, 78 
Loga ri thms. 34- 35 
Logical expression, 42 
Logical fi le number, 162- 63 
Logical operators, 46 
LOGO key, 3- 6, 132 
Loop ... continue if. .. endloop, 

59 - 60 
Loop ... exit if. .. endloop, 59 
Loops. IS, 19. 54- 73 

do until. 57- 59 
do whi le. 57 - 59 
FOR ... NEXT (See 

FOR ... NEXT loop) 
nested , 56- 57 
repeat unt il, 57- 58 
repea t wh ile. 54, 57 - 58 

Lower case le tters. 132- 33 

Machine language. 178 
Magic numbers. 70 

Ma nhatta n Isla nd , 60 
Mastermind, 173 
Memory, 22. 107. 128- 30 
Microprocessor, 15 

6502, IS, 128 
65 10. IS, 128 
6809, IS 
Z80, IS 

MIDS, 116- 18 
Move to X, Y subroutine. 75- 76. 

89, 103. 159 
Multiple statements. 21 
Multiplication, 24 
Music on the C64/ VIC, 166- 72 
Musical sca le. 140- 41 , 145, 167 - 68 

Na me and address. 4 1 
Names, (See Plott ing) 
Nested loops. (See Loops: also' 

FO R ... NEXT loops) 
NEW.9, 16 

EXT (See FOR ... NEXT loop) 
NOT. 46 
Notes, (See musical scale) 
Null st ring, 96 
Numerica l variables. 25 

ON ... GOSU B sta tement , 111- 13, 
160 

ON ... GOTO sta tement , 160 
OP EN statement. 162- 63 
OR, 46 
Order of precedence, 24, 47 
Orga n, C64/ VI C, 166- 72 
Out of data error (See Errors) 
Out of memory error (See Errors) 
Overflow error (See Errors) 

PASCA L. 15.50 
Pay progra m, 47, 52 
PEEK. 128- 54 
PEE K/ PO KE codes, 136- 37, 

174- 75 
PET,82- 83 
Phase r no ise. 14 1- 42. 146 
Phasers. 102- 105 
Phys ica l device numbers, 163 
Pi , 25 
Pi tch, 140- 45 
Pitch va lues for musical scale (See 

Musical sca le) 
Plane wit h p!lasers (See Fighter 

plane with phasers) 
Playing cards, 12 1- 27 

dea ling ha nd. 124- 47 
graphics. 31, 122- 25 
shuffl ing deck. 123 - 24 

Plou ing: 
American nag. 68- 72 
areas. 65 
array of points. 66. 76- 77 
curves, 77 - 78 
lines, 76- 77 
sta r fie ld, 66- 67 
st ripes, 67- 68, 73 
your name. 81- 82 

Pointer, 84 



POKE, 128- 54 
graphic pictures, 134- 39 

Polynomial, 114 
Population 

density, 95 
growth,61 
New England sta tes, 86- 89, 107, 

114 
Primitives for 3-D letter, 78- 79 
PRI NT statement, 7, 23 

comma, 27 
scmi-colon, 28 

PR INT#, 163-64 
Pseudocode, 51- 52. 57- 60. 62- 63, 

156- 57. 168 - 69 

Queen. 31, 139 

RAM (Random access memory). 
2- 3, 128- 31. 149 

Random checkerboard . (See 
checkerboard pattern) 

Random numbers , 33- 34 
Random stripe pattern. 73 
Radian. 34 
Read only memory (See ROM) 
READ ... DATA, 84- 95 
READ statement. 84- 86 
Redirn'd array error (See Errors) 
Relational operators. 45 
Release. 143 
REM . 20 
Repeat unt il (See Loops) 
Repeat whi le (See Loops) 
Reserved word s. II . 174 
RESTOR E key. 5- 6 
RESTORE statement. 84- 85 
RETURN key, 3. 9 
RET URN statement. 74- 76 
RETURN without GOSUB error 

(See Errors) 
Reverse video. 4- 5 
Right tria ngle (See Triangle) 
RIGHTS, 11 6 
RND. 33- 34, 123 
ROM . 2- 3, 14, 148 - 49 
RUN,9 
RUN/ STOP ke y. 19 
RVS OFF key, 4- 5. 8 
RVS ON key, 4- 6, 8 

Sailboat. 152 - 54 
SAVE, 16- 18 

Saving programs, 15- 18 
Sca le, (See Musica l scale) 
Screen add ress, 130, 135- 36 
Screen layout. 75, 135 

C64/ VIC organ . 167-68 
hangman. 156 

Scientific notation , 26 
Secondary add ress code, 163 
Seed. random number. 33 - 34. 124 
Sema nt ics. 15 
Semi-colon. 28 
Semi-perimeter, 48 
Sequence number. 20 
SGN,3 1- 32 
Shurn ing deck or cards, (See 

Playing ca rds) 
SIN, 34. 78 
Sine, 34 
Sine wave: 

plotting, 78 
Siren sound. 142. 146- 47 
Sorting: 

in ascending order. 109- 111 
a column of a 2-D array, 125 - 26 
in descendi ng order, II I 
a hand of cards by sui t. 125- 27 

Sounds: 
on the Com modore 64, 143- 48 
on the VIC 20. 140- 42 

SPC, 26. 29 
Sprite. 152 - 54 
Sprite graphics. 152- 54 
SQ R. 31. 78 
Square root, 31 
Standa rd character set, 132 
Standard deviation. 114 
Star field (See plolting) 
Status word. 164 
STOP. 19 
STOP key. 5- 6 
Storing data (See Cassene tape 

recorder; Floppy disk) 
St ring functions. 116- 18 
St ring va riable. 11- 12 
Strings. 7. 27 - 28. 11 6- 27 
Stripes. (See plotting) 
StruclUred flowchart s (See 

Flowchart) 
Structured programming. 15 
STRS. 11 7- 18 
Stub. 103 - 4. 159 
Subroutines. 74 - 82 
Subscripted va riable. 106 

Subscripts , 106 
Subtraction, 24 
Suit , (See playing ca rds) 
Sustain, 143 
Syntax, 15 
Syntax error. (See Errors) 
SYS. 178 

TAB, 26, 29 
Tab positions. (See PRINT 

statement) 
TA N. 34. 85 
Tangent, 34 
Temperature. 4 1 
Three-dimensiona l lellers. 30, 78-83, 

11 2- 14 
TI , 32- 34. 49, 154 
TIS, 33 
Time or day. 32 
TIMES, 33 
Tone. 140, 143 - 45. 166- 67 
Top-down programming. 159 
Train model of program, 22, 50. 

58- 60 
Triangle (See Area) 

right, 31 - 32 
Trigonometric functi ons. 34 
TR S-80, I, 15 
Two-dimensional array. (See 

Arrays) 
TV RAM. 130, 134- 38 

User-defined fun ction. (See 
Functions) 

USR, 178 

VA L, 11 7 
Variables: 

numerical (See numerica l 
variables) 

string (See string variables) 
subscripted (See subscripted 

variable) 
VER IFY, 16- 18 
Vertical bar graphs (See Bar graphs) 
VIC 20, I 
Voice, 140- 45 

Week ly pay program (See Pay 
program) 

Write da ta. (See PRI NT#) 

Z80 microprocessor (S('e 
Microprocessor) 

183 
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