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AN OVERVIEW OF YOUR NEW MANUAL 

Congr a t u l a t i o n s  on your  purch a s e  o f  BASICALLY SPEAKING , t h e  a l l -new Interact  
BAS I C  p ro g r amming manua l !  Whe ther  you ' re j u s t  g e t ting s t a r t ed w i th p rogramming 
on your  I n t e r a c t  o r  you ' re an exp e r i enced  p r ogr amme r who n e e d s  more r e f e rence 
ma t e r i a l , we ' re sure you ' l l  f ind t h i s  b ook a d r ama t i c  imp r o vement  ove r  
the o l d Leve l I I  BAS I C  manua l .  

Becau s e  we want e d  BASICALLY SPEAKING t o  addre s s  t h e  e duc a t i ona l needs  o f  
programmer s  a t  a l l  l eve l s ,  we ' ve d iv i d e d  the  manu a l  i n t o  1 2  chap t e r s  wh ich  
exp l a in the  f undamen t a l s  of  BAS I C  prog ramming ( BAS I C  B a s i c s , Chap t e r  1 )  
t o  the  t echn i c a l  d e t a i l s  o f  e ach  BAS I C  s ta t ement ( BASI C--A TO Z , Chap t e r  
1 0 ) . 

Chap t e r  1 ,  BASIC B a s i c s , i s  i n t ended f o r  p eop l e  w i th l i t t l e  o r  no unde r
s t and ing of  BAS I C  p rogramming concep t s . It  exp l a ins  the  c omponent s o f  
the BAS I C  l anguage and t ak e s a b r ie f  l ook a t  p rogram l og i c  w i th a f l ow 
cha r t  and anno t a t e d  l i s t ing o f  a s imp l e  game p rogram . Chap t e r  2 ,  HOW TO 
SPEAK BASIC , i s  an i n t r o du c t o ry wa lk  t hrough BAS I C  p rogramm i ng in  wh ich 
we exp e r ime n t  w i t h  a numb e r  o f  p rogramming c oncep t s  under  d ir e c t  mode cont r o l  
and i nd i r e c t  mode p rogram ope r a t i on .  T h i s  chap t e r  i s  l oa d e d  w i th examp l e s  
you can  e n t e r  a s  y o u  r e a d  t o  l e t  you s e e  the  s t ru c t u ra l c oncep t s  d i scu s s e d  
( keybo a r d  i nput , l oop ing , cond i t iona l r e l a t ionshi p s ,  a rray hand l ing , r andom 
numbe r  genera t ion , t o  name a f ew )  in  a c t ion  on your  I n t e r ac t . 

Tho s e  o f  you  who a r e  i n t e rme d i a t e  t o  a dvanc e d  BAS I C  p r og rammer s  may f ind 
the s e  f i r s t  two chap t e r s  excruc i a t ing l y  e l ement a ry . P l ea s e  be�r w i th us--
not a l l  I n t e ra c t  own e r s  have a t t a ined your  l e ve l o f  p ro f i c i ency w i th BAS IC ! 
Ju s t  skip  ahead  t o  the  mo re  c omp l ex mate r i a l : GRAPHICALLY SPEAKING ( Chap t e r  
3) , wh i c h  d i s c u s s e s  a v a r i e ty o f  metho ds  f o r  p roducing  e n t e r t a ining v i sual  
e f f e c t s  i n  y o u r  p rogram s c reen  d i s p l ay ; STRUNG OUT ( Chap t e r  4 ) , wh i ch exp l ains  
s t r i ng hand l ing ; INTERACT GAMESMANSHIP ( Chap t e r  5 ) , whi c h  shows you  how 
to  u s e  the  e n t e r t a inmen t  contro l l e r s  t o  bu i l d  game p rograms ; READING DATA 
( Chap t e r  6 ) , wh i ch dea l s  w i th u s ing DATA and READ s t a t ement s a s  an a l t e rnate  
me thod  of  data  ent ry ; SUBROUTINES ( Chap t e r  7 ) ,  whi c h  d i s cu s s e s  t h e  u s e  
o f  subrou t i n e s  w i th i n  p rograms ; INTERFACING WITH THE BASI C  ENVIRONMENT 
( Chap t e r  8 ) , wh ich  c on t a i n s  o p e r a t ing and de bugging  s ugge s t ions  t h a t  c an 
make your  p ro g ramming 1 i f  e E� a s  i e r ; MACHINE LANGUAGE INTEGRATION ( Chap t e r  
11 ) ,  whi ch d i scu s s e s  t h e  mechan i c s  o f  comb in ing BAS I C  a n d  mach ine  l anguage 
p r o g r amming . 

In  Chap t e r  9 ,  R S 2 3 2  BAS I C , we d i scus s how t o  acc e s s a l inep r in t e r  unde r 
BAS I C  cont r o l  and the  d i f f e renc e s  be twe en RS232 BAS I C  and t h e  o th e r  two 
ve r s i o n s  o f  BAS I C  ( M i c r o s o f t  8K and L e ve l I I ) .  

Chap t e r  10 , BAS I C  -- A TO Z , i s  the R e f e rence S e c t ion . An expan s ion  o f  
the BASIC Re f e rence c a r d , th i s  chap t e r  p re s ent s a l l  the  BAS I C  s t a t emen t s  
and f unc t ions  in  a l phabe t i c a l  o r de r ,  w i th syn t ax s t ruc t u re , f unc t iona l 
de f i n i t ion , and a t  l e a s t  one examp l e  o f  the o p e r a t o r  in  u s e . We don ' t  
int end f o r  you t o  r e a d  thi s chap t e r  s t ra i ght  t h rough , but  r a the r u s e  i t  
a s  you  wou l d  a d i c t i onary when you  n e e d  mo r e  i n f o rma t i on about a p a r t i cu l a r  
s t a t eme nt o r  func t ion . 

S o , l oa d  your BAS I C  int e r p rete r ,  and l e t ' s  get sta r t e d  exp e rienc i ng the 
fun and s a t i s f a c t i o n  of  mak i ng the  I n t e ra c t  do  wha t  you want  it  to  do' 
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BASIC B a s i c s  

F i r s t  o f  a l l ,  wha t i s  a c omput e r ?  

A comp u t e r  i s ,  s imp l y , a mach ine t h a t  p roc e s s e s  i n f o rma t i on . Compu t e r s  
come in  several  s i z e s . The l a rge s t  i s  a ma i n f rame , o r  mac ro .  Ma i n f rame 
comp u t e r s  a r c  u s e d  by l a rge b u s i ne s s e s  f o r  t he i r  d a t a  p roce s s ing nee d s . 
A ma i n f rame c ompu t e r  h a s  an eno rmous  capac i t y  f o r  p ro c e s s ing . I n  f ac t , 
a numb e r  o f  compan i e s  have ma de a bus ine s s  o f  se l l ing t ime ( c a l l e d  t ime sharing ) 
on the i r  ma i n f r ame comput e r s . The next s i z e  o f  c ompu t e r  i s  a min i-compute r .  
Mini-compu t e r s  a re c ommon l y  used  by sma l l  bu s ine s s e s  f o r  the i r  da t a  p r o c e s s ing 
need s .  Min i-comp u t e r s  don ' t  have nea r l y  the p roce s s ing capac i ty t h a t  mainf r ame s 
do , b u t  they have g re a t e r  capac i ty than the sma l l e s t  in  the  c ompu t e r  l ine--
the m i c rocomp u t e r  o r  p e r s ona l c ompu t e r .  

We de f ine a p e r sonal  c omp u t e r  a s  one you can buy wi t h  a c r e d i t  c a r d .  Many 
d i f fe rent  m i c ro c omp u t e r s  a r e  ava i lab l e  now , but  y o u r  I n t e rac t f i t s  thi s 
de f in i t ion  b e t t e r  t han s ome o f  the o t h e r s , such a s  the  App l e , wh ich , in  
rea l i ty ,  can  b e  qu i t e  expens ive . I f  you comp a re y o u r  I n t e r a c t ' s  p r ice  
and capab i l i t i e s  with  other  m i c rocompu t e r s , y ou ' l l  s e e  t ha t , in  buy ing 
an I n t e r ac t , you re a l l y get a l o t  mo re  "bang f o r  the buck"' 

Wha t  i s  BASI C ?  

Le t ' s  ima g i ne f o r  a momen t  t h a t  y o u  speak French and I speak Ge rman and 
tha t we a re t ry ing to c ommun i c a t e  w i t h  e ach o t he r .  We won ' t  have much 
succ e s s wi t h o u t  a t rans l a t o r--s omeone to t ake wha t I s ay in G e rman and 
t rans l a t e  i t  i n t o  F rench so you c an unde r s t and i t ,  t hen t ake your  re sponse 
and t ran s l a t e  i t  i n t o  Ge rman so I can unde r s t and i t . BAS I C  ( an a c r onym 
f o r  �eginne r ' s  �11-purpose  �ymb o l i c Ins t ruc t i on Code ) p e r f o rms tha t t rans l a t ion 
func t i on f o r  you and your  Inte rac t . 

Compu t e r s  a c t ua l l y  " t a lk"  in machine l anguage , wh ich  i s  a l anguage w i t h  
on l y  two " l e t t e r s " . Th e s e  l e t t e r s  a re 0 and 1 ( o r  " on"  and "o f f "  swi t ches ) 
t hat a r c  c omb ined  i n t o  "wo r d s "  o f  8 " l e t t e r s "  ( one b y te ) . The "wo rd s "  
a r e  c omb in e d  t o  f o rm " s e n t ence s "  o r  in s t ruc t ions . Mach ine c o d e  i s  c omp l icated  
and  d i f f i cu l t  to  l e arn , s o  mo s t  peop l e  p re f e r  t o  c ommun i c a t e  with the i r  
compu t e r s  u s ing a " h i gh e r  l eve r "  l anguage t h a t per f o rms the  t ran s l a t ion 
s e rv i c e . Tha t ' s  j u s t  wha t BAS IC  does-- i t  t ake s wha t  you s a y  in  the BAS IC  
l anguage and t rans l a t e s  i t  i n t o  machine l anguage . Then i t  t ak e s  the c ompu ters 
response  and t ran s l a tes  i t  back i n t o  a f o rm t h a t  you  c an unde r s t a nd . I n  
th i s  w a y  you  t e l l ,  o r  p rog ram , you r c ompu t e r  t o  d o  wha t  you w a n t  i t  t o  do . 

Wha t ,  then , i s  a p rogram? 

A program i s  s imp ly  a s e r ies o f  l og i c a l  " s entence s" in the  BAS IC  l anguage 
tha t c a u s e  your  c ompu ter  t o  per f o rm c e r t a in t a sk s . You r I n t e ra c t  c an be  
programme d in  two way s--d i rec t mode and ind i r e c t  mode . I n  d i r e c t  mode 
prog ramming , your i n s t ruc t i ons to the c ompu t e r  a re c a l l e d  c ommand s . Your  
computer  per f o rms the  t a sk d e f ined in the s en tence , o r  c ommand , a s  s oon 
as  you  pre s s  the "CR" key to ent e r  the ins t ruc tion . 

1-1 



Le t ' s  c l e a r  up one popu l a r  mi sconcep t ion .  Comput e r s  a r e  n o t  smar t ! In 
f a c t , they are ext reme ly d umb . A comp u t e r  c an do  o n l y  wha t  i t  i s  t o l d  
t o  do , and i t  wi l l  a t t emp t t o  f o l l ow i n s t ruc t i ons g iven i t  exact l y . S o , 
in p ro g r amming , don ' t b l ame your  computer  i f  the r e s u l t  i s  no t wha t  y o u  
int ended .  K e e p  i n  mind tha t the comp u t e r  d i d  j u s t  wha t  y o u  t o l d  i t  t o  
do . I f  that  wa sn ' t  r ight , you n e e d  t o  g ive i t  d i f f e rent i n s t r uc t i on s . 

When  y o u  type  a d i r e c t  mode command o r  i nd i rect  mode program l ine , your  
comp u t e r  h a s no  way  o f  knowing that  you  are  f in i shed typ ing the l ine  un l e s s  
you t e l l  i t  s o . ( I t  c an ' t read  your �ind! )  The r e f or e , you  mus t  c onc l ude  
entry of  any  c ommand  o r  p rogram l ine by  p r e s s ing the "CR"  ( ca r r i age r e tu r n )  
key . 

In d i r e c t  mo de , your  c ompu t e r  can execute  ins t ruc t ions  o n l y  one l ine a t  
a t ime . A s ing l e  l ine c an , howeve r , contain  s eve r a l c ommands . You  c an 
cha i n  mu l t ip l e  commands together  on one l ine by separa t i ng the  i n d i v i du a l  
commands  wi th  c o l ons . F o r  examp l e , 

NEW 
CLS : COLOR 7 , 4 , 0 , 1 : PRINT "HELLO" 

In i nd i r e c t  mode , each " s entence"  i s  c a l l e d  a s t a t ement and i s  a ssigned  
a l ine number  wh i ch d e t e rmine s the o r d e r  i n  wh ich the d e f ined  t a sk ( s )  w i l l  
be p e r f orme d .  S t a t ement s  i n  indirec t , l ine-numb e r e d  p ro g  ams a r e  executeo 
in the  nume r i c  oTd e r  i n  wh i ch they appear . The s t a L ement ( s )  o n  t h e  l owe s t  
numbered  lin  i s  a lway s execut e d  f i r s t , f o l l owed by s t a t emen t s  o n  t h e  next  
h ighe r numbeTed l ine , and  s o  on . S t a t emen t s  on s ome l ine s may  b e  skipp e d  
a l t oge t h e r  i f  a s ta t ement L e l l the c omput e r  t o  skip  ove t hem , h oweve r .  
Ind i r e c t  mode prog rams c an con t a i n  a s  many l ine s and s ta t emen t s  a s  memory 
p e rmi t s , and the  t a sks  d e f ined in  the p rogram s ta t emen t s  a r e  n o t  p e r f o rmed  
unt i l  you  type the RUN command . If  we  put  the above  examp l e  into  i nd i re c t  
mode , i t  wou l d  l ook l ike th i s : 

NEW 
10 CLS 
20 COLOR 7 , 4 , 0 , 1  
30 PRINT "HELLO" 

Whe th e r  in d i re c t  o r  i n d i r e c t  mode , program " s entenc e s "  can be broken down 
int o  t h e  s ame s e t  o f  c on s t i t uent  par t s .  The "wo'Lds  tha t make up the  s ta t e 
ment s  o r  c ommands f a l  i n t o  the f o l l owing c a t e go r i e s :  l ine numbers , keywords , 
s t r ing s , cons tant s ,  vari ab l e s , operators , func t ions , a rgument s ,  expre s s ions , 
and d at a .  L e t ' s  t ake a c l o se r  l ook a t  each o f  the s e  p a rt s . 

A line numbe r  i s  a lway s the f i r s t  "wo r d "  i n  an ind i r e c t  mode program l ine . 
The l ine numb e r s  c on t r o l  the o rder  i n  which the program l in e s  a r e  execu t e d  
when t he RUN command i s  g iven . A l ine number  can b e  an¥ numb e r  b e tween 
1 and 6 5 529 . S ince s t a t ement s a re execut ed  i n  the order in whi c h  they 
appea r  o n  the  numbe r e d  l ine s , make sure you number  your  l in e s  s o  that  the  
exec u t i o n  of  s t a t emen t s  f o l l ows the l og i c  nec e s s a ry t o  a c c omp l i sh a g iven 
t a s k . L ine numb e r s  never begin  d i re c t  mode comman d s . 

A keyword i s  one o f  a spec i f i c  set of words that t e l l the BASIC i n t e rp re t e r  
t o  p e r f o rm a t a sk such a s  PRINTing a s t r ing , OUTPUTt ing a v a l ue a t  a c e r t a in 
l oc a t i on ,  PLOT t ing a l ine , GO ing TO a d i f f e rent l ine , DIMen s i oning  an a r r ay , 
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e t c . A l l  the  keywor d s  recogn i z e d  by BAS IC  c an be  f ound a l phabe t i c a l l y  
in the  Re f e rence  S e c t i on . S ome keywo r d s  are  p r imar i ly u s e d  i n  d i r e c t  mode , 
such a s  L I S T  and NEW . S ome keywo rds can only  b e  u s e d  i n  i n d i r e c t mo de , 
such a s  GOSUB and END . Mo s t  o f  the keywords  c an b e  exec u t e d  i n  e i ther  
mode . 

A s t ring i s  a s e t  o f  a lphanume r i c  cha rac ters t h a t  i s  s to r e d  i n  e i ther a 
s t r ing var i ab l e  ( such  a s  A$ ) o r  a s  a s t r ing c on s t ant  enc l o s e d  in  quo t e s  
( "HELLO" , f o r  examp l e ) . S t rings  a r e  genera l ly u s e d  t o  de f i ne- s ome thing 
that i s  t o  b e  output  on the  s cLeen , a l though they may b e  u s e d  f or other  
purpo s e s , such  a s  t e s t ing input  f rom the  keyboard . 

Con s t an t s a r e  nume r i c  o r  s t r ing v a l u e s  tha t are  unchang ing . An examp l e  
o f  a nume r i c  c on s t ant  i s  p i  ( 3 . 1 4 1 59 ) , o r  the  numbe r  7 .  Cons t ant s are  
genera l ly a s s igned to  v a r i ab l e s  f o r  u s e  i n  p r ograms . A s t r ing cons t an t  
i s  de f ined b y  encLo s ing the  s e t  o f  char ac-te r s  i n  quo t e s  ( e . g . , "MARY" ) .  

.. 

Var i ab l e s  a r e  u s e r-de f ined  name s tha t a c t  a s  s to rage s l o t s  f o r  s tr.ing o 
numer i c  c on s t an t s  o r  the  r e s u l L s  o f  f unc t ion c a l l s  o r  a r i t hme t i c  expLe s s i ons . 
Va r i ab l e s  p rovLde a conven i ent  means o f  reu s i ng a c o n s t an t  o r  the r e su l t  
o f  an o p er a t i o n  w i thout  having t o  rep rogram t h a t  exp r e s s i on every t ime 
you want  t o  u s e  ·�. I t ' s  not  o n l y  e a s i e r  t o  r e f erence  v a r i ab l e s ,  i t  a l s o 
s ave s p rogram s p a c e . F o r  examp l e , i f  you  wan t e d  t o  comp u t e  the  area  o f  
a s e r i e s  o f  c i rc l e s  with r a d i i  o f  2 through 7 ,  you c ou l d  u s e  a s e r i e s  o f  
s t a t emen t s  i n  i nd i r e c t  mode such a s  

1 0  PRINT 3 . 1 41 59 * ( 2°'<- 2 )  
2 0  PRINT 3 . 1 41 59 * ( 3-1<3 ) 
30  PRINT 3 . 1 41 59 * ( 4*4)  
40 PRINT 3 . 1 41 59 * ( 57< 5 )  
50 PRINT 3 . 1 41 59 * ( 6o'<-6 ) 
60 PRINT 3 . 1 41 59 * ( 7*7 )  

You c a n  s e e , howeve r , t h a t  t h i s  i s  a rather  c umb e r s ome me t h o d  o f  a t t acking 
the p r ob l em ,  p a r t i cu l a r l y  r e typ ing the  v a l ue of  pi  over  and ove r . A much 
s imp l e r  and mo re space-e f f i c ient  metho d o f  a c c omp l i sh ing the s ame t a sk 
i s  t o  .use  var i ab l e s f o r  the  v a l u e s  o f  p i  and the  r a d i i .  

1 0  p = 3 . 1 41 59 
20 FOR R = 2 TO 7 
30 PRINT P * ( R*R )  
40 NEXT R 

Th i s  sma l l  p rogram d e f ines  the s l o t  c a l l e d  P a s  e q u a l  t o  the  v a l u e  o f  p i .  
It d e f ine s the  r a d i u s  o f  e ach c i rc le as  R and a l s o t e l l s  the  c omp u t e r  t o  
p e r f o rm the opera t i on o f  f inding the a re a  o f  t h e  c i r c l e  s ix t ime s .  

TheFe aLe two type s  o f -var i ab l e s--nume r i c  and s tr.ing . Nume r i c  va r i ab l e s  
are  u s e d  on l y  t o  s t ore  nume r i c  va l ue s . Var iab l e  name s a r e  cho s e n  b y  the  
u s e r  accord ing t o  v a r i ab l e  naming c onve n t i o n s  ox  r u l e s . The se  r u l e s  are  
s imp l e : t h e  v a r i ab le name c an b e  a s  l ong a s  you l ike , b u t  it  mu s t  begin  
wi t h  a L e t t e x , and  the  f i r s t  two cba r a c t e:r. s  o f  the  name mu s t  b e  u n i que. 
Some examp l e s  o f  nume r i c  v a r i ab l e  name s are  A ,  X 1 , I N , A4A , A3ABC . S t r ing 
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var i ab l e s  a r e  u s e d  t o  s t o r e  s t r ing i n f o rma t i on ( wh ich can con t a i n  numer ic 
cha r act e r s ) . S t r ing var i ab l e  names f o l l ow the  s ame n am i ng conve n t i o n s  
a s  �e r ic va i ab L e s , except t h a t  they mus� end w i t h  a do l l ar, s ig n ( $ ) . 
S t r i ng va r i ab l e  name s are  a s s igned t o  s t r ing cons t an t s  that  are  to  b e  r e u s e d  
wi t h i n  a prog ram o r  t o  e s t ab l i sh s t o rage s l o t s  f o r  data  t o  be  e n t e r e d  d u r ing 
program execu t i on . F o r  examp l e ,  the f o l l owing s imp l e  prog ram r e qu e s t s  
ent ry o f  a s t r ing , then pr int s a mes sage t h a t  i nc l u d e s  t h a t  s t r i n g . 

10  INPUT "WHAT'S YOUR NAME" ; NM$ 
20 PRINT "HELLO , " ;  NM$ 
30 GOTO 10  

Neve r , never u�e  any o f  the  BAS I C  keywords , ope a t ox s , o r  f unc t i on s  as  
var i ab Lc names! 

Ope r a t o r s  are l ike k eywo r d s  i n  that t hey a re recogn i z e d  by BAS I C  as i n s t ruc t i on s  
to p e r f o rm a spec i f ic a r i thme t ic t a sk o r  eva l ua t i o n . They are  u s e d  i n  
t h e  d e f i n i t i o n  o f  e xpre s s ions . Va l i d ope r a t o r s  a r c : 

+ 

* 

I 
A 
() 
> 

< 

>< 

>= 

<= 

a d d i  t i o n•'c 

sub t rac t i on 

mu l t ip l ica t i on 

divi s i on ( appea r s  on your keyboard  a s  �) 
exponent ia t i on 

prece dence•'dc 

grea t e r  than 

l e s s  than 

e qua l t o•'ddc 

no t e qua 1 t o  

grea t e r  t han o r  e qua l t o  

l e s s  t han o r  e qua l t o  

* + can a l s o be u s e d  t o  conca tenate  s t r ings , e . g . , PRINT A$ + B$ . 

prece dence i s  t h e  o r d e r  i n  wh ich a r i thme t ic expre s s i o n s  are  eva l ua t e d .  
F o r  examp l e ,  d o e s  

A = B + C / 6  
c 

mean add  ..k and B ,  t hen d i v i d e  the t o t a l  by 6 ,  o r  d ivide  C by 6 and add  
the r e su l t  t o  B ?  BAS I C  f o l l ows s t andard ma thema t ica l convent i on s  and  
does  mu l t ip l ica t ion  and d i v i s i on ope ra t i ons before  a dd i t i on and s ub t r act i o n . 
The re f o r e , BAS I C  i n t e rpre t s  the above s t a t ement a s  A =  B + ( C / 6 ) . I f  
you  want  t o  a d d  .Jf and B ,  then divide  t he r e su l t  by 6 ,  y ou wou l d  e n t e r  
t h e  s t a t emen t  a s  A =  ( B  + C ) / 6 .  

= act s a s  the  a s s i gnme n t  ope r a t o r  a s  we l l  a s  a r e l a t i o n a l  ope ra t o r . 
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Func t ions  a r e  p r e de f ined  r u l e s  for  comp l ex compu t a t i ons  of  va l ue s  b a s e d  
o n  o th e r  va l ue s .  Func t ions  reduce re dundancy i n  programming by e l imina t ing 
the need  to r e p e a t  comp l e x  op e ra t i ons  again  and again . Func t i ons  f a l l  
into  two gene r a l  c l a s s i f i c a t ions--tho s e  that  p e r f orm a r i thme t i c ope r a t i ons 
and those  t h a t  ope r a t e  on s t r ings ( c a l l e d  s t r ing hand l ing f unc t ions ) .  
There  a r e  a numb e r  o f  b u i l t- in a r i thme t ic and s t r ing hand l ing f unc t ions 
in BASIC . Examp l e s  o f  a r i thme t i c f unc t i ons  are  TAN , S I N , COS , SQR , EXP , 
LOG . Examp l e s  o f  s t r ing hand l ing f unc t i ons  a r e  INSTR$ , MID$ , LEFT$ , CHR$ , 
STR$ . S e e  the  Re f e rence  S e c t i on f o r  spec i f ic i n f o rma t ion on the var io u s  
bu i l t - i n  func t ions . BAS I C  a l s o a l l ows u s e r-d e f ined  f unc t i ons , i n  whi ch 
you name a f u nc t i o n  and spec i fy wha t i t  i s  t o  do  each t ime i t  i s  c a l l e d .  
Aga in , t h i s  i s  c onve n i e n t  f o r  e l imina t ing need l e s s  r epe t i t i on s  w i thin  the  
program ( s ee  DEF f o r  mo re  i n f o rma t ion on u s e r-de f in e d  f un c t i ons ) .  

Argume n t s  a re va l u e s  in  p a renthe s e s  a f t e r  f unc t i o n s  t h a t  t e l l  the  compu t e r  
o n  wha t  va l u e  t h e  f unc t i on i s  t o  be  p e r f o rmed a n d  a r e su l t  r e t u rne d .  An 
a rgumen t  can  be a con s t an t , a v a r i ab l e , an expre s s ion , o r  even another  
f unc t i on ca l l .  For  examp l e ,  

PRINT SQR ( A )  

t e l l s  your  comput e r  t o  compute  and d i sp l ay t h e  s quare  r o o t  o f  the v a l u e  
o f  t h e  a rgument ,  A .  

An e xpr e s s io n  i s  a c omb in a t ion o f  va r i ab l e s , con s t an t s ,  f unct ion ca l l s  
and ope ra t o r s  t ha t , when eva lua t e d , has  a s ing l e  va l u e . One o r  more exp re s s i ons 
can appear  w i th i n  a program l ine . U s ua l l y ,  a r i thme t i c exp r e s s ions  d e f ine 
ma thema t i ca l p ro c e s s ing to be  done . S t r ing exp re s s i ons  d e f ine s t r ing hand l ing . 
The unde r s c o r e d  p o r t ions  o f  the f o l l owing s t a t ement s  are  va l id expre s s i ons 
in BAS IC : 

A = 10 

A$ "LEFT PLAYER NAME" 

A$ CHR$ ( B$ ) 

P = SQR( A )  * 100 

N$  MID$ ( A$ , 2 , 3 )  

IF  C 10 AND B 100 THEN F = 2 5 6  �--���-=---=� 

G = ( 4  * TAN ( X )  + 100 )/( ( SQR ( V )  * (8 + V ) ) * ( ABS ( X )  + 2 )  

Now , none o f  the  a bove exp re s s i ons  i s  p a r t i cu l a r l y  meaning f u l  o u t s ide  the 
con t e x t  o f  a p rogram w i th o ther s t a t ement s ,  but they do i l l us t ra t e  tha t 
exp re s s i o n s  c an t ake many f o rms , f r om the v e ry s imp l e  t o  t he e x t reme l y  
comp l e x .  I t  i s  thro ugh the eva l u a t ion o f  exp r e s s ions  that  we de f ine  va l u e s  
s t o r e d  i n  v a r i ab l e s  o r  o ther  operat ions  f o r  reuse  w i thin  a s ing l e  p ro g ram . 

D a t a  a re v a l ue s  t h a t  a re ente red  into  t he p rogram and then u s e d  i n  sub s equent 
proce s s ing . D a t a  t ake a var i e ty of f o rms , a re u s e d  in a v a r i e t y  o f  way s , 
and can  be  e n t e r e d  in  s evera l f a sh i ons . D a t a  va l u e s  can be  ent e red  f rom 
the keyboard  dur ing p rogram execut ion v i a  I NPUT s t a t emen t s  o r  the  INSTR$ 
func t ion . D a t a  v a l u e s  can be input f rom the j oy s t ick  l eve r ,  p o t e n t i ome ter 
( p o t  knob ) , and f i r e  bu t t on of e i ther  ente r t a i nment  cont ro l l e r  dur ing p rog ram 
execu t i on and u s e d  t o  dete rmine wha t happen s next in a p rogram .  The RS 2 3 2  
pe r iphe ra l i n t e r f ace  p ro v i des  ano the r method o f  d a t a  ent ry . The t ap e  deck 
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i s  ano t h e r  d a t a  e n t ry "veh ic l e " . D a t a  requi red t o  u s e  the  BASIC i n t e r p re t e r  
i s  e n t e r e d  into  your  comp u t e r  every t ime you l o a d  BASIC . The CLOAD c omman d  
c an b e  u s e d  in  d ir e c t  mode o r  f rom w i th in a program t o  e n t e r  d a t a  f rom t ap e . 
And , d a t a  c an be  embedded  i n  p r ogram l ines  wi th DATA s t a t emen t s  and u s e d  
a s  n e e d e d  b y  re f e renc ing  the  d a t a  va l u e s  w i th READ s ta t emen t s . 

J u s t a s  t h e re a r e  s ev e r a l  methods  and dev i c e s  f o r  d a t a  entry , t h e r e  a r e  
a l so s eve r a l  means  t o  output  d a t a . The CSAVE command c an b e  u s e d  t o  o u t p u t  
d a t a  o r  p ro grams t o  t ap e . The OUTPUT , PLOT , and PRINT commands  cau s e  d a t a  
t o  b e  o u t p u t  t o  the  mo s t  f am i l i a r  o u tput device , the TV s creen . The COLOR 
s t a t ement chang e s  the d a t a  t h a t  con t ro l  the c o l o r s output  on t h e  s c reen  
dur ing p rogram and d i r e c t  mode  execut ion . The  LIST command  d i sp l ay s  the  
data  i n  the  l ine s of  your  p rogram on the TV  scree n .  The  SOUND and TONE 
command s  c onve r t  d a t a  v a l u e s  i n t o  s ound s that  are  output  through your  TV ' s  
sp e ake r .  I f  your  c omput e r  i s  e quipped  wi th the  M i c ro V i de o  RS 2 3 2  p e r iphe ra l 
i n t e r f ac e  and RS 2 3 2  BAS I C , y o u  can u s e  the LLI ST and LPRINT c ommands  t o  
output  d a t a  t hrough t h e  int e r f ace  p o r t  to  a l inep r i nt e r . W i t h  t h e  RS 2 3 2  
i n t e r f ac e  and the  M i c ro V i d e o  COMMUNICATOR p rogram ,  you c an output  d a t a  
t hrough a modem ( a l s o c a l l e d  an acou s t i c  coup l e r )  t o  acce s s  a t ime shar ing 
sy s t em .  

The se  "wo r d s "  i n  t h e  BAS IC  l anguage a r e  the bui l d ing b l o ck s  t hr ough whi ch 
we communi c a t e  w i th o u r  c ompu t e r s  and c on t r o l  them . Once you l e arn t h e  
"wo r d s "  and  the  c o r r e c t  way o f  p u t t ing them t oge ther  ( ca l l e d  syntax ) , a l l  
t h a t  rema i n s  t o  becoming a "prog ramme r extraordina i r e "  i s  ma s t e ry o f  the  
logic  b e h i nd p rogrammi ng .  

P r ogram l ogic i s  the  o rd e r  in whi c h  you t e l l your  c omput e r  to execu t e  t h e  
s t a t emen t s  i n  your  p rog rams . As p reviou s ly s t a t e d , the  c omp u t e r  w i l l  p ro c e s s  
each  l in e  i n  i t s  sequen t i a l  o r de r , un l e s s  you te l l  i t  t o  execut e s ome o t h e r  
l ine  o r  s e t  o f  l in e s  w i th a GOTO o r  GOSUB i n s t ruc t i on s  w i th i n  a p rogram 
l ine . You  t e l l  your  c omput e r  t o  branch to  other  p a r t s  o f  the  p rogram b a s e d  
on the  eva l ua t i on o f  an IF  o r  O N  i n s t ruc t i o n .  Y o u  c an t e l l  y o u r  c omp u t e r  
t o  p e r f o rm a n  o p e r a t ion o r  s e t  o f  operat ions  more  than once by  put t i ng t ho s e  
i n s t ru c t ions  i n s i d e  a FOR . . .  NEXT l o op . You can chain s ta t emen t s  toge t h e r  
o n  a s ingl e l ine  a n d  execute  t hem b a s e d  o n  t h e  r e s u l t  o f  a c ond i t i ona l te s t  
wi th the IF . . .  THEN l o g i c  i n s t ruc t i on . B ranching , cha i ning , and l oop i ng 
a r e  a l l  integra l p a r t s o f  p rogram l og i c--they p ro v i de the  means t o  ' 'move 
a round" wi thin  your  p rog ram . 

The l o g i c  ope r a t i on s  c a n  g e t  rather  c omp l i c a t e d , s o  i n  your  i n i t ia l  p rogammi ng 
a t t emp t s , y o u  may f ind i t  he l p f u l  t o  draw a f l ow chart  o f  your  p rogram l og i c  
b e f o r e  y o u  t ry t o  ent e r  and run the  p rogram.  A f l ow chart  i s  a graph i c  
rep r e s ent a t i on o f  t h e  l o g i c  in  your  p rogram--you might  con s i de r  i t  a map 
through the prog ram roa d s . By f o l l owing the l in e s  and a r rows , you can t race  
wha t  the  o u t c ome of  any  f l ow t hrough the p rogram w i l l  be . 

Le t ' s  t ake a r e l a t ive l y  s imp l e  examp l e  that  i l l u s t r a t e s  seve r a l  o f  the s e  
l o g i c  ope rat ions . L e t ' s  s ay you want t o  p rogram a gue s s ing game t o  p l ay 
w i t h  your  c ompu t e r .  I n  t h i s  g ame , the comp u t e r  w i l l  p ick a r andom numbe r  
b e tween 0 a n d  1 0 , then a sk you  t o  gue s s  i t .  The comput e r  w i l l  l e t  y o u  have 
t h r e e  chances  to gue s s  the number  and wi l l  t e l l you  i f  your  gue s s  is  t o o  
h i gh , t o o  l ow ,  o r  correc t . At t h e  e n d  o f  each game , i t  wi l l  a sk i f  y ou 
want t o  p l ay again . You might  draw a f l ow chart  f o r  t h i s  p r o gr am a s  s hown 
on page 1 -8 .  
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On t h e  f l ow c h a r t  on t h e  next  page , three  symbo l s  a re u se d .  R e c t ang l e s  
ind i c a t e  o p e r a t i o n s  BAS I C  i s  t o  p e r f o rm .  The d iamond shap e d  symbo l s  indicate  
a d e c i s ion  t h a t  is  t o  b e  made  based  on the r e s u l t  of  a c o nd i t i o n a l  t e s t ;  
branching t o  d i f f e rent  p a r t s  o f  the p rog ram occurs  depend ing  on whe t h e r  
the answer t o  t h e  que s t ion  asked  i s  "ye s "  o r  "no" . A program l oop  cont ro l s  
how many gue s s e s  the  p l ay e r  h a s  t o  ge t the  c o r r e c t  numb e r .  The l in e s  be tween  
the symbo l s  c h a r t  t h e  f l ow f rom oper a t ion  t o  o p e r a t i on i n  t h e  d i re c t ion 
ind i c a t e d  by the  a r rows . C i rc l e s  ind i c a t e  s t a r t ing and end ing p o i n t s  o f  
the p rogram . 

Fo l l ow the p at h s  t hrough t h i s  f l ow cha r t  t o  s e e  i f  you  unde r s t and the p rogram 
l og i c .  Then , s e e  page  1 -9 t o  s e e  the a c t u a l  p rogram t h a t  p l ay s  t h i s  game , 
a l ong w i th exp l ana t ion o f  the var i ous  p rogram s t a t ement s .  
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P i ck random 
number betw.  
0 and l O

( CN )  

S e t  number 
of  gue s s e s  
i n  a loop 

( G )  

G e t  p laye r 
gue s s  ( PN )  

PRINT 
MESSAGE 
"TOO LOW" 

NO 

PRINT 
MESSAGE 
"TOO HIGH" 

PRINT 
MESSAGE 
"YOU LOSE" 
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GUESSING GAME 

FLOW CHART 

PRINT 
MES SAGE 
"YOU WIN "  

YES 

YES 

PRINT 
MES SAGE FOR 
1 ST GUES S  
WIN 

< 
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I f  you wou l d  l ike  t o  t ry mod i f y i ng thi s  program t o  make i t  wo rk d i f f erent l y ,  
h e r e  a r e  s ome sugge s t i on s : 

1 )  Change t he numb e r  o f  gue s s e s  a l l owed by changing the  3 i n  l ine  7 0  t o  a 
h igher  numb e r . The numb e r  you put  i n  p l ace  o f  3 w i l l  b e  the  numb e r  o f  
gue s s e s  a l l owe d . 

2 )  Make the  g ame harde r by choos ing a random numbe r  b e tween  0 and 1 00 .  To  
do  t h i s ,  change the  1 1  i n  l ine 20  t o  1 0 1 . You w i l l  a l so want  t o  change 
l ine  5 0  to  read "BETWEEN 0 - 1 00 " . 

3 )  Add  more  IF  s t at ement s  t o  vary the  winning me s sage output b a s e d  on how 
many gue s se s  i t  t ake s the  p l ay e r  t o  get  the c o r r e c t  answe r . Mode l a dd i t i on a l  
s t a t emen t s  a f t e r  l ine 1 80 .  

In  rev i ew , a compu t e r  p rogram i s  a s e r i e s  o f  l og i c a l ins t ruc t ion s  t o  the  c ompu t e r . 
The s e  s t a t emen t s  c ons i s t  o f  keywo rds , var iab l e s , const ant s ,  exp r e s s i o n s , f unc t i o n  
c a l l s ,  a r gument s ,  a n d  o th e r  "wo r d s "  the  comp u t e r  unde r s t and s , exp r e s s e d  u s ing 
the c o r r e c t  syntax . The p a r t s  of s ta t ement s  and proper  synt ax i s  r e l a t iv e l y  
e a s y  t o  l e a rn--p u t t ing t h e  s t a t emen t s  i n t o  l og i c a l  o r d e r  provide s the  grea t e s t  
cha l l enge i n  programming . The re ' s  eno rmou s s a t i s fa c t i on i n  s e e ing your  p rogram 
do j u s t  wha t  you  i n t ended  i t  t o  do when you type RUN . Don ' t  b e  d i scouraged  
i f  your  f i r s t  e f f o r t s  end in  syntax o r  other  typ e s  of  e r ro r s , h oweve r .  Even 
the mo s t  a dvanc e d  p rogramme r r a r e l y  w r i t e s  a p rogram t h a t  w i l l  run e rr o r - f r e e  
t h e  f i r s t  t ime i t ' s  execut e d . 

Good l uck , a nd happy programming! 

1 - 1 0  



The Thr e e  Interact BASIC  Langua g e s 

The r e  a r e  three  d i f f e re n t  BAS IC l anguage s f o r  the  Int er a c t .  You  c an l oa d  
a n d  u s e  o n e  o r  mor e  o f  them , dependi ng on the  c on f i g u ra t i on o f  your  comput e r .  

EDU-BASIC 

M i c ro s o f t  8K 
FAST Graphi c s  
BAS I C  

RS 2 3 2 BASIC 

EDU-BASIC i s  an i n t e g e r  BAS IC l anguage . Th i s  means tha t 
y o u  cannot do  any a r i thme t i c  ope r a t i ons  that  r e qu i re f l o a t ing
po i n t  capabi l i t y . It has  f ar more  l imi t e d  c apab i l i t ie s  
than the o ther  two BAS IC s , b u t  i t  a l s o c on s ume s l e s s  RAM . 
EDU-BASIC i s  the o n l y  programming l anguage you can  u s e  
i f  you  have a compu t e r  wi th on l y  8K  o f  RAM . P rogramming 
w i th EDU-BAS IC is not  addre s se d  in t h i s  manu a l . 

M i c ro s o f t  8K F a s t  G raph i c s  BAS IC i s  an upgraded  v e r s ion  
o f  Leve l II BAS IC . I t  rep l ac e s  Leve l I I  BASIC comp l e t e ly . 
B o t h  M i c r o s o f t  8K and Leve l I I  BAS IC a r e  f l o a t ing-p o i n t  
BAS IC l anguage s--tha t i s ,  t h e y  can  p e r f o rm ope r a t i ons  
on any  r e a l  numb e r . To use  e i th e r  of  these  v e r s ions  o f  
BAS IC , your  compu t e r  mu s t  have a t  l ea s t  1 6K o f  RAM . M i c ro s o f t  
8 K  and Leve l I I  BAS IC both  consume t he s ame amount o f  
RAM . They t ake up mo r e  RAM t han EDU-BAS IC , but  p rovide  
far  g r e a t e r  capab i l i t ie s . The b u l k  o f  t h i s  manua l de s c r ibes  
p rogramming wi th Micro s o f t  8K ( o r  Leve l I I ) BAS IC . 

RS 2 3 2  BAS IC i s  an exp anded ve r s i o n  o f  Leve l II BASIC that 
p rovide s the ab i l i ty to acc e s s  a l inep r i n t e r  to p ro duce 
program l i s t ings o r  f orma t t e d  repo r t s  f r om your BAS IC 
p r ograms . You mu s t  have a t  l ea s t  1 6K o f  RAM and a Micro  
V i d e o  RS 2 3 2  p e r iphe r a l  int e r f ac e  f o r  RS 2 3 2  BAS IC t o  l oa d  
a n d  r u n  p r ope r l y .  RS 2 3 2 BAS IC h a s  two c ommands that  Leve l 
II BAS IC does  not  have--LLIST and LPRINT . Because  the s e  
commands  were added , t h e  f orma t o f  RS 2 3 2 BASIC i s  d i f f e rent 
f rom that  of Leve l II. You  c an l oa d  and run p rog rams 
wr i t t e n  in Leve l II BAS IC w i th R S 2 3 2 BAS IC , p ro v i d e d  you  
have  the RS 2 3 2  EZEDIT p rogram e d i t o r  t o  t rans l a t e  your  
p r ograms into  the c o r r e c t  f o rma t . I f  you  know how t o  
program w i th M i c r o s o f t  8 K  o r  Leve l I I  BAS IC , you wi l l  
f ind i t  e a sy t o  l e a rn the two a dd i t iona l commands  in  R S 2 3 2  
BAS IC . Ins t ruct ions f o r  u s ing  RS 2 3 2  BAS IC and d i s c u s s ion  
o f  the  d i f f e rence s f rom Leve l II a re inc l uded  i n  thi s 
manua l .  
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BASIC Dia lec t s  

Many peop le want  t o  know why t hey can ' t t ake TRS-80 , APPLE , o r  o t her m i c ro
comp u ter  programs wr i t ten in BAS I C  and l oa d  and run t hem on t he I ntera c t  a s  
i s .  The rea son  y o u  c an ' t d o  t h i s  i s  that  every microcompu ter  h a s  i t s  own 
" d i a lec t "  o f  t he BAS I C  l anguage . The syntax o f  the many BAS I C  s t a temen t s  
can and does vary f rom microcomputer  t o  microcomputer . There f o re , a s t a tement 
that  a TRS-80  computer under s t ands  p e r fec t l y  may make abso l u te l y  no  sense 
to your  I n terac t . 

The d i f ferent BAS I C  d i a lec t s  have d i f ferent commands  ava i l ab l e . Your  I n tera c t , 
f o r  examp l e , h a s  t he SOUND , TONE , and COLOR commands in  i t s  BAS I C  l anguage , 
and the TRS-80 does  no t .  I f  you t r ied t o  l oad an I n terac t BAS I C  program into  
a TRS-80 c ompute r , t he TRS-80 wou l dn ' t know wha t  t o  do  wi th t h o se c omman d s . 

In a d d i t i o n  t o  the d i f ferences in  syn t ax and ava i l ab le commands , BAS I C  res i de s  
i n  d i f fe rent a reas  o f  memo ry in  d i f ferent computer s .  A l l t he wo r d s  t h a t  BAS I C  
unde r s tands  a re s t o red a s  numbe r s  i n  a t ab le . To you i t  l ooks l ike PRINT , 
but  t o  BAS I C  i t ' s  a number , such a s  1 28 .  I n  TRS-80 Leve l I I  BAS I C , PRINT 
migh t be s t o red as numb e r  243 , which adds another  leve l of confu s i on if  you 
t ry to l o a d  and run a TRS-80 BAS I C  p rogram i n  the I ntera c t . You c ompu ter  
just  f l at o u t  doesn ' t  know wha t  t o  do  with  the inf o rma t i o n  i t ' s  been g i ven! 

One f i na l p rob lem i s  tha t there a re a l s o  d i f ferences in t ape f o rma t t ing f rom 
comp u ter t o  c omputer . E ach computer can have i t s  own me thod  o f  rea d ing and 
wr i t ing t ape s , and the methods  a re not  a lway s comp a t ib le wi th o t her c ompu te r s ' 
met h od s . A program mus t  be rea d  into  memo ry us ing t he s ame f orma t i n  wh i c h  
i t  wa s wr i t ten t o  t ape . 

You c an , however , conve r t  BAS I C  p rograms f rom othe r  compute r s  t o  run in  Inter a c t  
BAS I C . I t ' s  a l o t  o f  wo rk , because y o u  wi l l  have t o  type i n  every l ine a l l  
over  a g a i n , making a d j u s tmen t s  a s  nece s s a ry t o  con f o rm w i t h  I nterac t syntax 
conven t i on s  and.ava i l ab le commands . We sugge s t  that  you do  not  a t temp t program 
conve r s ions  o f  t h i s  nature unt i l  you a re c omp lete l y  f ami l ia r  w i t h  t he wo rkings  
o f  I nte ract  BAS I C .  
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Document a tion  Conventions  

We have used  t he f o l l owing gene r a l  conven t ions  i n  t h i s  manua l :  

USAGE EXAMPLES 

In i l l u s t r a t i ons  o f  d i r e c t  mode ope r a t ion , i n f o rma t ion  you ent e r  i s  d i sp l ayed 
in � type . The comput e r ' s r e spon s e s  are  i nd i c a t e d  by bo l d  f ace  type . 
For  examp l e , 

wnmwug 
441-

0K 

In  prog ram examp l e s , t he p rog ram l in e s  a re d i sp l ay e d  in  bo l d  f a c e  type . 
I f  you  want t o  ent e r  the examp l e s  a s  you go a l ong , type  e ach l ine a s  i t  
i s  p re s ent e d , inc l u d ing the  l ine numb e r s  a s  shown . F o r  examp l e , 

1 0  CLS 
20  COLOR 3 , 1 , 7 , 0 
30 PRINT 3 * 1 47 

Some s amp l e  p r og r am l i s t ings we r e  produced u s ing  o u r  RS232-equ ipp e d  I n t e ract , 
RS232  BAS I C  and a COMPRINT 9 1 2-S l inep r i nt e r . Examp l e s  u s ing ac tual p rog ram 
l i s t ing s l ook l ike  th i s : 

1 0  CLS 
20 C OLOR 3 , 1 , 7 , 0  

30 P R I N T  3 * 1 47 

GENERAL FORMS OF COMMAN DS/STATEMENTS 

In t h e  Re f e rence S e c t i on ,  t he gene r a l  f o rm o f  e ach c ommand o r  s t a t ement 
is p re s e n t e d . In each gene r a l  f orm : 

Wo r d s  t h a t  a p p e a r  i n  UPPER c a s e  a r e  BAS I C  keywo r d s . You mu s t  en t e r  
t h e  keywo r d s  exac t l y a s  shown when us ing t h e  command o r  s t a t ement . 

Wo rds  t h a t  app e a r  in  l ower c a s e  i nd i c a t e  i n f o rma t ion t h a t  you a r e  
suppo s e d  t o  s upp l y  when u s ing t h e  command o r  s t a t emen t . The type 
o f  i n f o rma t i on you shou l d  supp l y  va r i e s  f rom s t a t ement t o  s t a t ement , 
but  i s  gene r a l ly  a v a r i ab l e , a rgument , exp r e s s i on ,  e t c . 

Wo r d s  t h a t  app e a r  in  s quare  b racke t s ( [ ] ) , whe t h e r  upp e r  o r  l owe r 
c a s e , i n d i c a t e  tha t t h a t  p a r t  o f  the  s t a t emen t  i s  o p t iona l . You can 
inc lude  them or no t , as  app rop r i a t e  to your  u s a ge o f  the  s t a t ement . 
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HOW TO SPEAK BAS I C  

Thi s  s e c t i o n  o f  t h e  manu a l  t e ache s you  h ow t o  c onve r s e  w i t h  y o u r  comput e r  
i n  the  BASI C  l anguage . I t ' s  a "wa lk- t hrough" o f  BAS I C  p rogramming t h a t  
i s  l ib e ra l l y  s p r ink l e d  w i t h  examp l e s  t o  i l l u s t r a t e  t h e  p o i n t s  cove re d . 
We sugg e s t  y o u  keep  your  c omp u t e r  handy w i t h  BAS I C  l oa d e d  a s  you  read  t h ro ugh 
i t  so t h a t  y o u  c an t ype in the  examp l e s  a s  s hown and g e t  hands-on exp e r i ence 
w i t h  your  c ompu t e r  and t h e  BAS IC i n t e rp re t e r . 

Af t e r  you  l oa d  t h e  BASI C  i n t e rp re t e r , t h e  me s s age ' '4698 BYTES FREE" and 
the BASI C  " OK" p r omp t app e a r  on the s c reen . The f i r s t  me s s s age t e l l s  you  
that y ou h ave 4 , 69 8  byt e s  ( " compu t e r  words " )  ava i l ab l e  to  put  your  p r ogram 
in . The " OK" p romp t i s  BAS I C ' s  way o f  t e l l ing y o u  t h a t  i t  i s  r e a dy t o  
a c c e p t  your  c ommand s .  You w i l l  s e e  t h e  "OK" p r omp t e ach t ime BAS I C  f in i sh e s  
p r oc e s s i ng a command  you  t y p e  in  o r  a p rogram y o u  run . 

The very firs t  c ommand y ou shou l d  t ype when y o u  s e e  t he "OK" p romp t a f t e r  
l o a d ing BAS I C  f o r  t h e  f i r s t  t ime in  a p ro c e s s ing s e s s ion i s  t he NEW command . 

4698 BYTES FREE 
OK 
ID 
OK 

You mu s t  type  NEW b e c a u s e  t he RAM ( Random Acc e s s  Memo ry ) u s e d  f o r  p rog ram 
and d a t a  s t o r age i s  n o t  c l e a r e d  when BAS I C  i s  l o a de d . I f  you have loaded  
BASI C  r igh t a f t e r  t urni ng your c ompu t e r  on .o r  a f te r  running a machine l anguage 
program , t h e  p ro gram s t o rage memory l oc a t ions  a r e  f i l l e d  w i th r andom values  
that  a re meaning l e s s  t o  BAS I C  ( we ca l l  i t  "garbage " ) . I f  you f o rg e t  t o  
type NEW , an " ?OM ERROR" o r  o th e r  type o f  e r r o r  i s  l ike l y  t o  r e su l t . NEW 
s e t s  an i n t e r n a l  po i n t e r  o f  BAS I C  to i nd i c a t e  t h a t  no program i s  in memo ry . 

Why do e sn ' t BAS I C  d o  t h i s  a u t oma t ica l l y ?  Even t hough i t  means  y o u  mu s t  
remembe r  t o  type  NEW , there  i s  a maj o r  b ene f i t  t o  t h i s  o rgan i z a t i o n a l  scheme . 
Bec a u s e  memory i s  n o t  c l e a re d  when BAS I C  i s  l o a de d , y o u  c a n  e n t e r  a p rogram 
and run i t , t hen  l o a d  the  EZEDIT p rogram e d i t or t o  make p rogram c o r r e c t i ons 
or  r enumb e r  t h e  l in e s  i n  t he p rogram ,  t hen l oa d  BAS I C  and run t h e  p rogram 
aga i n--a l l  w i thout  hav i ng t o  s ave and r e l o a d  your  BAS I C  p rogram every t ime . 
I f  BAS I C  c l ea r e d  t h a t  a r e a  o f  RAM , your  p rogram would be  c l e a r e d  o u t  every 
t ime as we l l ,  and y ou ' d  have to keep s aving and r e l oa d ing i t .  Remembe r  
t h a t  y o u  d o  n o t  w a n t  t o  type NEW when y o u  r e l oa d  BAS I C  a f t e r  u s ing t he 
program e d i t o r ! 

You shou l d  a l s o type  NEW any t ime you want t o  b e g in e n t e r ing an e n t i rely 
new p r ogram .  

Onc e BAS I C  i s  l oa d e d  and you  have typed  NEW , y ou a r e  ready t o  b e g in operat i on 
in  d i re c t  mode o r  p rogram ent ry i n  i nd i re c t  mode . 
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DIRECT MODE OPERATI ON 

In d i re c t  mode , your  comp u t e r  p roce s s e s  your commands a s  s oon a s  you  p r e s s  
the " CR "  key  t o  e n t e r  t hem . Your  compu t e r  can p e r f o rm ma thema t i c a l c ompu
t a t i o n s  i n  d i re c t  mode i n  mu ch the  s ame way as a c a l cu l a t o r  d oe s .  I t  c a n  
a l s o  p r i n t  t h e  c o n t e n t s  o f  s t r ing var iab l e s  o r  con s t an t s .  N o th ing i s  
done w i t h  the  i n f o rma t ion you type unt i l  you h i t  " CR" , s o  you  c an c o r r e c t  
any e r ro r s  y o u  make s imp l y  by p re s s ing the Backspace key a s  many t ime s 
a s  nec e s s a ry and r e typ ing t h e  l ine . 

One o f  t h e  mo s t  c ommon ly  u sed  c ommands in d i re c t  mo de i s  the  PRINT command . 
PRINT i s  u s e d  t o  s c r o l l l in e s  o f  i n f o rma t i on onto  the s c reen . The i n f o rma t i on 
can  t ake a var i e ty of  f o rms . For  examp l e ,  t ry . typ ing the  s t a t emen t  

PRINT "HI THERE" 

and p re s s  t he "CR" key . The wo r d s  HI  THERE w i l l  s c ro l l  o u t  on the  b o t t om 
o f  y o u r  s c reen . You can  s c ro l l  any th ing you want in  t h i s  way . I f  you  
don ' t p u t  any  l ea d ing space s in  the s t r ing , the f i r s t  cha r a c t e r  of  your  
s t r ing c on s tant  is  output  a s  the  f i r s t  charac t e r  on the l ine . However ,  
you  c a n  a d d  l ea d ing spac e s  t o  con t ro l how f a r  ove r on the l ine your  s t r i ng 
s t a r t s .  PRINT a l s o h a s  a "wrap-around " f e a t u re . I f  your s t r ing h a s  more 
than t h e  1 7  charac t e r s that  w i l l  f i t  on one l ine , any e x t r a  chara c t e r s  
a r e  output  a t  t h e  beg inn ing o f  t h e  f o l l owing l ine . T o  s e e  how l e a d ing 
b l ank s a f f e c t  the s c reen  p o s i t i on i ng o f  s t rings , type the f o l l ow i ng s t a t emen t s :  

PRINT " HI THERE" ( 5  l e ad ing b l anks ) 
PRINT I I  . HI T;H:ERE" ( 1 5  l ea d ing b l anks ) 

Becau s e  you  u s e  PRINT s o  o f ten , BAS I C  w i l l l e t you abbrev i a t e  t h e  c ommand 
t o  a q ue s t i o n  ma rk ( ? )  in  b o th d i re c t  and ind i re c t  mode o p e r a t ion . PRINT 
i s  t h e  o n l y  BASI C  c ommand that  can be abbrevia ted  in  t h i s  way . Type 

You u s e  the PRINT c ommand to p e r f o rm a r i thme t ic c a l cu l a t ions  in  d i re c t  
mode  a lmo s t  a s  y o u  wou l d  a c a l cu l a t o r . F o r  examp l e , 

OK 
.... ,PJ 

6369 
OK 
iHJj] 

1 8  
OK 

N o t e  t h a t  BAS I C  r e sponds w i th the  "OK" p romp t a f t e r  i t  f in i shes  each  d i re c t  
mo de c ommand . I n  subsequent  examp l e s  we ' l l l eave o u t  t h a t  p romp t t o  s ave 
space , but i f  you type in  the examp l e s , you wi l l  s e e  the p romp t each t ime . 
Al s o  n o t e  t h a t  you  can p u t  spaces  be twe en keywo rds  and ope r a t o r s  i f  you  
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l ike f o r  e a s i e r  r e a dab i l i ty . BAS I C  ignor e s  t h o s e  space s ,  s o  o p e r a t i o n  
i s  the s ame whe th e r  o r  n o t  you inc l ude them.  

PRINT c an a l s o b e  u s e d  to  d i sp l ay the cont ent s 
o f  f unc t ion c a l l s  and a r i t hme t i c  exp re s s ions . 
a s s ign the  v a l u e s  9 and 3 t o  variab l e s  name d A 

o f  var i ab l e s  and the  r e su l t s  
T o  i l l u s t r a t e  t hi s , l et ' s  
and B ,  r e s p e c t ive l y . 

Now t h a t  we ' ve de f in e d  the  variab l e s  A and B ,  we c an p e r f o rm o p e r a t i on s  
us ing t hem . 

-
9 

-
3 

am 
1 2  

� 
6 

iEitl 
2 7  

� 
3 

rad!litUJ 
3 

? A+B / S  R ( A )  
1 0  

? ( A+B ) / S  R ( A )  
4 

kMIJ•IfiU) 
2 . 1 9 7 2 2  

And s o  on . Exp e r iment w i th u s ing the  PRINT c ommand i n  t h i s  way unt i l  y o u  
are  comf o r t ab l e  wo rking w i th i t .  

o u  c a n  p r in t  mor e  t h a n  o n e  v a l u e  on a s ing l e  l ine w i th the  PRINT c omma n a ,  
u s ing the  s emi-c o l on ( ; ) a s  a separat o r . You can  c omb ine nume r i c  a n d  s t r ing 
con s t a n t s  w i t h  num e r i c  and s t r ing variab l e s , o r  even exp re s s i ons . For  
examp l e , ,. · - :- � 7 

· = "BLUE" . . 
? A$• ; B; "GREEN" · A*B / S  R ( A) 

....... "' .t l.BLUE 3 GREEN 9 ' 

BLUEGREEN 3 BLUE 

When y o u  u s e  the  s emi-co l on s ep a r a t o E , BASI G  cut�u t s  
b l anR -around nBme r i c  da � a , but  n o -b l anks � i t h  s t r i ng 
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You can a l so s e p a r a t e  i t ems t o  b e  p r inted  with  comma s ( , ) . I f  y ou u s e  c omma s 
a s  separa t o r s , BASI C  p u t s  e ach  i t em into  a f ie l d 1 4  charac t e r s  l ong . I t  
wi l l  "wrap"  s t r ing d a t a  on the  screen , but  not  nume r i c  d at a . Try e n t e r ing 
one o f  the  above examp l e s  u s ing the comma as a s ep a r a t o r  to s e e  the  d i f f e re n t  
re s u l t .  Becau s e  the  I n t e r a c t  has  only  1 7  charac t e r s  p e r  l ine , the  o u t p u t  
us ing c omma s  i s  n o t  p a r t icu l a r ly a t t ra c t ive , s o  the  c omma s e p a r a t o r  i s  n o t  
f re quent ly  u se d .  

Fina l l y ,  you can u s e  t h e  PRINT s ta t ement a l one t o  p ro du c e  b l ank l in e s  i n  
your s c re e n  d i sp l ay .  Try typ ing 1J _y ; J_j/j ::__ (J),' f · ) · !,�5 i? ' 

? A$ : ? : ?A : ? : ? : ?B 
j ;  ! ·, 

t o  s e e  h ow t he s c ro l l e d  inf o rma t ion l ooks w i th b l ank l in e s  inc l uded . 

Screen  Con t r o l  

The CLS s t a t ement t e l l s  BAS I C  t o  wipe  o f f  a l l  i n f o rma t i on o f f  t h e  s c r e e n .  
CLS i s  f r e quent ly  u s e d  a s  one o f  t h e  f i r s t  p rogram s t a t eme n t s  s o  t h a t  the  
program s t a r t s  o f f  w i th a f re s h , c l e an sc reen . Th i s  i s  not  t e r r i b l y  imp o r t ant  
op e r a t iona l ly ,  but  i t  g ive s a b e t t e r  vi sua l e f f ec t .  Typ e  

No t e  t h a t  t h e  BAS I C  "OK" p romp t reappears  a t  t h e  b o t t om o f  the  s c r e e n  a f t e r  
i t  i s  c l e ar e d . 

I n t e r a c t BAS I C  h a s  8 p rogramma o l e  c o l o r s , e ach o f  wh ich  h a s  an a s s igned  
r e f e rence  numbe r .  The s e  c o l o r s  and  their  a s so c i a t e d  numb e r s  a re : 

b l ack 

green 

b Lue  

cyan 

4 

6 

0 

2 

red  = 1 

ye l l ow = 3 

magenta 

wni t e  = 7 

5 

You c an u s e  o n l y  4 o f  the s e  ava i l ab l e  c o l o r s  a t  any one t ime . I f  you  a r e  
us ing M i c r o s o f t  8K BAS I C , the  s ta r t ing background c o l o r  o f  y o u r  screen  i s  
b l ack ( 0 ) . W i th Leve l I I  o r  R S 2 3 2  BAS I C ,  t he s t a r t ing s c reen  c o l o r  i s  b l ue 
The COLOR s t a t ement  c o n t ro l s  which o f  the se  c o l o r s  a r e  i n  u s e  a t  any one 
t ime . Typ e 

COLOR 7 , '2 0 1 

t o  s e e  a d rama t i c  change in  t h e  s c r e e n .  

Y o u  c an s e e  that  t h e  numb e r  p l aced in  t h e  f i r s t  p o s i t ion  o f  t h e  c o l o r  s e t  
de f ined  i n  the  COLOR s t a t ement cont r o l  the  backg ound e o l o r  o f  � h e  s c r e e n .  
Th i s  f i r s t  p o s L t ion L s  c a l  e d  " co l o  
a s s ign t o  i t .  

0" , regard l e s s  

( 4 ) . 



The c o l o r  i n  t h e  s e c ond c o l o r  s e t  p o s i t i on ( ca l l ed " c o l o r  1 " )  i s  t h e  c o l o r  
i n  wh i ch p r o gram l ine numb e r s  a re- d i sp t a  e d  whe n  y o u  LIST  your  BAS I C  p rogram .  
Typ e  

1 0  ? "HELUO" 

then type 

10 PRINT "HELLO" 

You w i l l  s e e  t h a t  the  l ine numbe r  1 0  i s  d i sp l ay e d  i n  green , b e c a u s e  you  
have p l ac e d  t h e  va l ue 2 i n  the  " c o l o r 1 "  p o s i t ion  of  t h e  c o l o r  s e t . Al s o  
no t e  t h a t  BAS I C  t rans l a t e s  the  " ? "  abb revia t i on t o  t h e  keyword PRINT when 
i t  l i s t s  the p rogram .  

The c o l o r  i n  the  t h i rd p o s i t i on i n  the c o l o r  s e t  ( ca l l e d  " c o l or 2 " )  i s  
not u s� d  i n  s c re e n  d i sp l ay un l & s s  you r e f e rence i t  f rom a PLOT o r  OUTPUT 
command  ( di s cu s s e d  l a t e r ) . 

The c o l o r  i n  t h e  f ou r t h  p o s i t i on ( c a l l e d  " c o l o r  3 " )  i s  the  c o l or in whi ch 
the  l ine  you Lype i n  d i r e c t  mode , i n f o rma t i on on p r og L am_ l ine s ,  t h e  BAS I C  
"OK" p romp t , a n d  e r ror  me s s age s are  d i sp l ay e d .  You c an s e e  f rom the  p revious  
examp l e  t h a t  the  PRINT " HELLO" p a r t  of  the  l ine  i s  d i sp l ay e d  in  r e d ,  a l ong 
w i t h  the L I ST c ommand and the "OK" p r omp t . 

Exp e r ime n t  w i th d i f f e rent  c o l o r  s e t s  by e n t e r ing s evera l COLOR c ommand s 
to  s e e  the  e f f e c t s  and f ind t h o s e  which  a re mo s t  v i sua l l y  a t t ra c t ive .  
Some c o l o r  c omb in a t ions  a r e  more  a e s t he t ic a l l y  app e a l i ng t han o th e r s . 
For  e xamp l e , you ' l l  f ind that  r e d  l e t t e r s  on a b l u e  b ackground ( o r v i c e  
ve r s a )  l oo k s  h o rr i b l e  and i s  a l s o  hard  t o  r e a d .  

The c ommand s  we ' ve work e d  w i t h  s o  f a r  a r e  s c r e e n  c on t ro l  c ommands . CLS 
wip e s  the s cr e e n  c l e a r , PRINT s c ro l l s  i n f o rma t ion o n t o  the s c r e e n  f .rom 
the b o t t om o f  the s c re e n , and COLOR contro l s  wha t  c o l o r s  a p p e a r  t h e r e . 
The r e  a r e  o th e r s , and we ' l l l ook a t  them s ho r t l y .  B u t  f i r s t , l e t ' s  t a l k  
about the  g raph i c  l ayout  o f  the  screen . 

S c r e e n  Layout 

Con s i de r  your s c r e e n  to b e  a g r i d  o T  ma t r ix of  p i c tu r e  c e l l s  ( ca l l ed " p ixe l s" ) . 
Thi s  g r i d  h a s  7 7  h o r i z o n t a l  l i ne s and 1 1 2  ver t i c a  ine s . You c an con t ro l  
wha t  app e a r s  a t  any given  p ixe l i n  thi s mat r i x  b y  r e f e renc ing i t s  ( x , y )  
coord ina t e s . I n  t echni c a l  t e rms , the s c re e n  i s  c a l l e d a " d o t-addre s s ab l e  
ma t r i x " . The  x-c o o r d i n a t e  t e l l s  the  c omp u t e r  how many p ixe l s  ( ve L t i c a l  
l ine s )  f rom t h e  l e f t  s id e  o �  t h e  s c re e n  s ome t h ing i s  t o  b e  d i sp l ay e d . 
The -coord ina t e  i s  a lway s  a numb e r  b e tween 1 and 1 L 2 .  The y-c o o r d ina t e  
t e l l s  t h e  c omp u t e r  how many p ixe l s  ( ho r i zont a l  l ine s )  f rom t h e  b o t t om o f  
the  s c re e n  a v a l ue i s  t o  b e  d i s p l ay e d . T h e  y-c o o r d i n a t e  i s  a lway s a number  
be twe en 1 and 7 7 , whe re 1 spec i f i e s  the b o t t om-mo s t  p o in t  o n  the  s creen 
and 77  is  the  top . The  I n t e ra c t ' s  graph i c s  r e s o l ut ion  i s , t h e r e f or e , 1 1 2x7 7 .  
Th i s  i s  c on s i de r e d  t o  b e  medium r e s o l u t i on g raph ic s . 
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Now , l e t ' s  exam i n e  the  o th e r  c ommands  that  cont ro l s c r e e n  g r aphi c  outpu t . 

The WINDOW c ommand  spe c i f i e s  how many l in e s  ( p ixe l s ) up f rom the  b o t t om 
o f  the  s c r e e n  a r e  t o  b e  a l l oc a t e d  f o r  i n f o rma t ion s c ro l l ing w i t h  t h e  PRINT 
command . The d e f au l t ,  f u l l - s creen  s e L t ing is  WINDOW 7 7 .  WINDOW a l l ow s  
you to  "pu l l  a w indow shade"  p a r tway down y o u r  s creen , s o  y o u  can  " s e e ' ' 
onl y  out  o f  the  b o t t om p a r t . Type 

No t ic e  t h a t  the s creen  now app e a r s  to be  cut i n t o  two p a r t s . S c ro l l ing 
" d i s app e a r s "  unde r the  shade  about three charac t e r  l in e s  f rom the  b o t tom 
o f  t h e  s cr e en . N ow type 

CLS : PRINT "HELLO" : PRINT "THERE" 

and wa t c h  wha t  happens . S e e  that  the  s c ro l l ing t ak e s  p l a c e  o n l y  on the  
b o t t om three  l ine s of  the  s cr e e n , whi le the  rest  of  the  screen  rema in s  b l ank . 
Thi s  b l ank a r e a  i s  u s e f u l  f o r  graph i c s  deve l opment--we ' l l u s e  i t  t o  work 
w i th  the o th e r  s c re e n  c ont r o l  ( o r  g raph i c s ) c ommand s . 

Two f in a l  no t e s  about  the WINDOW c ommand .  I f  you  u s e  WINDOW i n  a p rogram , 
rememb e r  t o  r e s e t  t o  WINDOW 7 7  when you s t op execut i on wi th a Con t ro l -C 
f o r  l i s t ing o r  o th e r  purpo s e s . And , the sma l L e s t  WINDOW you c a n  s e t  i s  
WINDOW 1 1 .  I f  you  t ry t o  s e t  a sma l l c� r  window , a " ?FC ERROR" w i l l  o c cu r . 

G r aph i c s Command s  

I n t e r a c t  BA� � C  h a s  two g rapn 1 c s  commanns--OUTPUT and PLOT . 

The OUTPUT c ommand  i s  c ommo n l y  u s e d  to  d i s p l ay nume r i c  o r  s t r ing i n f o rma t i o n  
o n  t h e  TV s c r e e n . T h e  PRINT c ommand a l s o  outp u t s  s uch i n £ o xma t ion o n  t h e  
s c re e n , b u t  i s  doh.a ae i n  a s c ro l L ing f a s h i on , a n d  y ou can  o n l y  cont r o l 
the  c o l o r  o f  d i sp l ay by chang i ng the  v a l ue o f  c o l o r  3 i n  the c o l o r  s e t  ( wi th  
the  COLOR c ommand ) . The  OUTPUT c ommand l e t s  you p u t  t h a t  s ame i n fo rma t i o n  
anywhe re Gn  the  � c re e n , i n  any one o f  the  c o l o r. s  ' n  the  c u r r en t l y  d e f ' ne d  
c o l o  s e t . Type 

0 , 1 , 2. , 3  
COLOR 0 , 3 , 4 , 1  X y colo"' 
OUTPUT "HI THERE ! "  30 40 11 

Your  c omp u t e r  d i sp l ay s  the  wo r d s  H I  THERE ! i n  ye l l ow ( c o l o r  1 )  in the  approx ima t e  
c e n t e r  o f  y o u r  s e re&�. N o t e  that t h e  ( x , y ) c o o r d i na t e s  t e l l  t h e  c omp u t e r  
in  wha t  p ix e l  t o  p u t  t h e  top  l e f t  c o rne r o f  t h e  f i r s t  charac t e r  b l ock i n  
the  s t r ing . ( A chara c t e r  b l ock i s  5 x 5  p ixe L s  · a 6x6  p ixe l a re a . ) 

A s  w i t h  PRINT , you  c an u s e  OUTPUT t o  d i sp l ay d i f f e rent  kinds  o f  i n f o rma t i o n  
on t h e  s cr e en . Y o u  can o u t p u t  nume r ic o r  s t r ing c o n s t ant s ,  the  r e su l t s  
o f  f unc t i o n  c a l l s  o r  expre s s ions , e tc .  F o r  examp l e ,  type 
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GW*.(iJ 
UTPUT A * A/'B 50 50' !2 

You ' l l  s e e  that  the  va l u e  45  i s  d i s p l ay e d  in  the upp e r  m i d d l e  o f  the s c reen . 

You can u s e  the OUTPUT command w i th the CHR$ ( 1 )  f unc t ion t o  d i sp l ay a 5 x 5  
p ixe l b l ock on the  s c re e n . Type 

:•liiiijiiCII:I;Jllllll!ltbJI] 
and watch a r e d  b l ock appear  i n  the upp e r  l e f t  c o rn e r  o f  the s c reen . You 
can put such an OUTPUT s t a tement in a l oop t o  d raw w i de l in e s  on the s c reen 
with Leve l II  BAS I C .  In  f a c t , i n  Leve l II  BAS I C , OUTPUT CHR$ ( 1 )  i s  the 
o n l y  way to d raw w i d e  l in e s , and you can o n l y  d r aw a l ine f ive p ix e l s  wig� . 
We ' l l show you how t o  do  t h i s  l a t e r  on in  the G raph i c s  cha�� 

-- ---

The o th e r  graphic s  c ommand i s  PLOT . 
a s ing l e  p ixe l a t  any ( x , y )  l oc a t ion  
in the  current  c o l o r  s e t .  Type 

PLOT 60 50' 3 

I n  i t s  s imp l e s t  f o rm ,  PLOT o u t p u t s  
on t h e  s c reen i n  any o n e  o f  t h e  c o l o r s  

a n d  a s ing l e  r e d  d o t  wi l l  appe a r  o n  the sc reen . You can put  t h i s  PLOT 
comman d  in a l oop t o  d r aw a l ine . Type 

FOR X = 1 TO 1'1 2 : PLOT X 2 5: 2 :N'EXT 

and watch  a b l ue l ine  go  a c r o s s  your s c reen  a t  the top  o f  your  "window" . 

In Mi c_r_o_s of t  8K �_1\� I C_, the  graph i c s  capab i l i t i e s  o f  the  PLOT c ommand  have 
been e x t e nd e d .  Not o n l y  c an you  t e l l the c ompu t e r  whe re and in  wha t c o l o r  
t o  PLOT , y o u  c an a l so t e l l i t  how l ��g_and wi� you  want  the  p l o t  to be . 
W i t h  M i c r o s o f t  8K BAS I C , you  cou l d  draw the ' s a�e l ine  a s  y o u  d i d  w i th t he 
three  s t a t ement s  chained  together  above , but  w i th a s ing l e  c ommand . Try 
typ ing C�of' y-\ / L -. �:J f"l..., 

PLOT 1' 3 5  :2 1'1 2 1 

S e e  how much f a s t e r  tha t wa s ?  Th i s  command t o l d  your  comp u t e r  t o  d r aw 
a b l ue  l ine  ( co l o r 2 )  that  i s  1 1 2  p ixe l s  l ong and 1 p ix e l  w i de , s t a r t ing  
a t  the f i r s t  p ixe l on  the l e f t  ( x-coo r d ina t e ) , 3 5  p ix e l s  up f rom the b o t tom 
o f  the s c r e e n  ( y-coordina t e ) . T ry comb in ing the s e  l a s t  two examp l e s  on 
a s in � l e  l in e  to s e c  the d i f f e rence in speed . C l e a r  the s c r e en f i r s t  wi th 
CLS . 

OR X = 1 TO 1 1 2  : PLOT X 2.5 2 : NEXT : PLOT 1 3 5 , 2 1 1 2  1 

To d raw a w i de r ,  r e d  l ine , type 

PLOT 1 40 3 , 1 1 2  6 
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You can  a l s o d r aw ver t ic a l  l ines  o f  any l ength and w i d th w i th the  PLOT c ommand . 
Typ e 

X '( (,io' /.. (1.) 
PLOl' 50 , 3 5 , 1 , 10 30 

You can  s p e c i f y  a l ength  o f  up to 1 1 2  p ixe l s  and a width  o f  up to 7 7  p ixe l s .  

Type 
PLOT 1 1 2 1 1 2  7 7  

Thi s  p l o t s a r e c t a ng l e  t h e  s ame s i z e  a s  t h e  screen . Y o u  c a n  u s e  t h e  PLOT 
comman d  i n  t h i s way f o r  a d i f f erent  method of c l e a r ing the s cr e e n  in your  
p rograms . 

The extens ions  t o  the  PLOT c ommand in  8K BAS I C , whi l e r e duc ing the u s e  o f  
l oop s , d o  n o t  e l imina t e  the i r  u s e  ent i re ly . The n ew PLOT command mak e s  
8 K  BAS I C  f a r  more powe r f u l  f o r  graphics  deve l opment .  S e e  t h e  Graph i c s  chap t e r  
f o r  mo re  i n f o rma t i on on  s c r e en graphics  deve l opmen t . 

S ounds and Mus ic 

Your I n t e r a c t  ha s one f e a t u re f ew o ther  mic rocomp u t e r s  have-- i t  can p roduce  
sounds  through your  TV speaker . It  can make sounds  i n  three  way s . You  
can enter  S OUND c ommands  to  make your comput e r  make a w i de v a r i e t y  of  no i s e s-
c l i ck s , buz ze s , beep s , t r i l l ing r ings . You can u s e  TONE commands  to p l ay 
mu s i c a l  n o t e s  o r  tune s . And ,  you c an u s e  the REWIND c ommand t o  turn  the 
tape mo t o r  on  to p l ay mu s ic , v o i c e , o r  s ound e f f e c t s  on regu l a r  aud i o  c a s s e t t e s . 

Re s e t  t h e  window u s ing  WINDOW 7 7 .  Now type 

SOUND 6 242 

and you ' l l  hear  a sound l ike a t e l ephone d i a l  t one . Th i s  s ound wi l l  c on t i nue  
unt i l  you  p re s s  any key t o  s t op i t .  

The SOUND c ommand i s  f o l l owed by two va l ue s  sepa r a t e d  by comma s .  The f i r s t  
va l u e  mu s t  be tween 0 and X,�c l u s ive . The second can be  any va l ue be tween  
1 a nd 3 2 76 7 ,  i nc l us ive . Type � 

2. 5 1 SOUND 0 , 24844 

t o  hear  a wa i l ing s i ren . Type 

SOUND 2 230 

and you ' l l hear  wha t s ounds l ike a mo torbo a t . O r , t ry 

t o  c r e a t e  the  s ound o f  a p a s s ing l ocomo t ive . 

You can c ombine  SOUND c ommands  in  a l oop t o  p roduce cont inuou s l y  chang i ng 
sounds . Type 



FOR X = 1 TO SOOO : SOUND 3 X : NEXT 

and l i s ten t o  your  I n t e r a c t  p ro duce a s e r i e s  o f  i n t e r e s t ing n o i s e s . Your 
I n t e r a c t  c an make hundr e d s  of  s o und s . Exp e r iment  w i th e n t e r ing d i f f erent  
sound  command s  t o  hear  s ome of  them . ( You ' l l  f in d  that  n o t  a l l  v a l u e s  
wi thin  t h e  p arame t e r  range s p r o duce audib l e  s ound s . )  A l i s t  o f  our  f av o r i t e  
sounds and a p r og r am t o  t e s t  t h e  v a r i o u s  s ound s y o u r  I n t e r a c t  c an make 
is inc l ud e d  w i th the SOUND e n t ry in  the R e f e rence S e c t i on .  We a l s o d i s c u s s  
soun d s  f u r t h e r  a l ong w i t h  FOR . . .  NEXT l oop ing . 

The TONE c omman d  a l so p ro duc e s  s ound through the TV s peake r .  
fo l l owed  by two v a l ue s . The f i r s t  spe c i f i e s  t he f r e quency o f  
t o  b e  gene r at e d , t h e  s econd cont ro l s  t he l ength o f  the  t on e . 

TONE 1 68 500 

I t  t o o  i s  
the  t one 
Typ e 

t o  h e a r  a "mi d d l e  C "  t one l a s t ing abou t three  s ec on d s . You  c an c omb ine 
tone s of d i f f e re n t  p i tches  and dura t ions  to p l ay mus i c a l  t une s . For ins t ance , 
t ry typ i ng t he f o l l owing TONE s e quence : 

TONE 168 200 : TONE 1 3 1  1 20 : TONE 1 10 , 1 50 : TONE 9 7 , 200 : TONE 1 3 1  7 5 : TONE 9 7 ,300 

Now , t h i s  c ommand s t r ing w i l l  n o t  a l l  f i t  on one l ine on your  TV s c reen . 
Don ' t  p re s s  the  "CR"  key a t  the end o f  a s creen  l ine-- j u s t  l e t  the  c ommand 
wrap a round to  the  next  l ine on the s c reen . B e  sure  t o  s ep a r a t e  t he indivi
dua l  TONE c ommands  w i th c o l ons . 

I f  y o u  happen t o  have a regu l a r  audi o  c a s s e t t e  handy , remove your  BAS I C  
tape f rom t h e  c a s s e t te d r ive a n d  inse r t  t h e  mu s ic ( o r o the r )  t ape . Depre s s  
the READ c a s s e t t e  b u t ton , then type t h e  REWIND command .  The t ap e  mot o r  
turns on , a n d  you ' l l  h e a r  t h e  t ap e  p l ay through y o u r  TV s p e ake r . P r e s s  
any k e y  t o  s top the  REWIND c ommand and  t urn t h e  t ap e  mo t o r  o f f .  

Funct ions 

B e f o r e  we l e ave d i r e c t  mo de and move on to ind i r e c t  mode o p e ra t i o n , l e t ' s  
spend a l i t t l e  t ime w i th s ome o f  the b u i l t - i n  ( in t r i n s i c )  f unc t i ons  in  
I n t e r a c t  BAS I C .  The s e  a r e  more than 25  pre-de f in e d  o p e ra t i ons  that  BAS I C 
can do  f o r  y o u . The s e  f unc t i ons  f a l l  i n t o  two gene r a l  c a t eg o r i e s :  a r i thme t i c  
func t i on s  and  s t r ing han d l ing f unc t ions . As  t he n ame s s ugge s t , a r i thme t ic 
func t i ons  a r e  p ro c e s s e s  that  re turn nume r i c  v a l u e s  a n d  s t r ing f unc t i ons  
return  s t r ing d at a .  The  a r i thme t ic f unc t ions  by f ar o utnumb e r  t h e  s t r ing 
func t i on s . 

S t r ing hand l ing f unc t ions  a l l ow you  t o  mani p u l a t e  s t r ings  i n  a v a r i e t y  
o f  way . LEFT$ , �$ ,  and  MID$ l e t  y o u  i s o l a�e cha�ac t e r s  f rom w i thin 
a s t hing . The I�R$ f unc t ion  p e rmi t s  keyboard  e n t ry o f  a s t ring  of  a 
spe c i f i e d  l e ngth  and  3a l t s a l l  proces s ing_unt i l  a s t r ing t h a t  l ength i s  
e n t e r e d . S TR$ c onver t s  a nume r i c  v a l u e  t o  a s t r ing va l ue f o r  output  on 
the s c reen  in c on j unc t i o n  w i th o ther  s t r ing va l ue s . The CHR$ f unc t ion  
returns  the  ASCII  chaLac t e r  f o �  any g iven numb e r .  
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The i n t r i n s i c  a r i t hme t i c  f unc t i ons are  common ly  u s e d  mathema t i c a l  o p e ra t i on s . 
B e c a u s e  t h e s e  f unc t i ons  are  b u i l t  into  BAS I C ,  you c an p e r f o rm the s e  o p e r a t i ons  
by s imp l y  c a l l ing the f unc t i on in  your p rogram , rather  t han having to  d e f ine 
the  s ome t ime s c omp l ex mathema t i c a l  code whenever you need to  use  i t . Thi s  
no t o n l y  s av e s  you h e a dache s i n  p rogramming , i t  a l so s ave s space  i n  y o u r  
programs . 

Fo l l owing  i s  a t ab l e of  the  avai l ab l e  ma themat ica l func t ions  and wha t  they  
comp u t e . 

FUNCTION 

ABS 

ATN 

cos 

EXP 

INT 

LOG 

NOT 

S GN 

S IN 

S QR 

TAN 

FRE 

RETURNS 

the ab s o l u t e  value  o f  the  a rgument  

the a r c t angent o f  the  a rgument  i n  r a d i a n s  

t h e  c o s ine  o f  t h e  a rgumen t  i n  r a d i an s  

t he ant i - l oga r i thm t o  t h e  b a s e  e o f  t h e  a rgumen t  

the l a rg e s t  i n t ege r that  i s  l e s s  than o r  
e q u a l  t o  t h e a r gume n t  

t h e  l oga r i t hm to  t h e  b a s e  e o f  t h e  a rgument  

the b i tw i s e  c omp l e m e n t  o f  t h e  a rgument  

the s ign o f  the a rgume n t  a s  1 o r  -1  

the  s ine o f  t h e  a rgume n t  in a d i a n s  

t h e  s qu a r e  r o o t  o f  t h e  a rgumen t  

t h e  t a n g e n t  o f  the a r gume n t  i n  L a d i a n s  

the  numbe r o f  by t e s  o f  memo ry  ava i l ab l e 
f o r  p rog ram o r  s t r i ng s t o rage , a s  
spec i f i e d  by t h e  a r gume n t  

In  d i re c t  mod e , you  c a n  u s e  t h e s e  func t i ons  w i t h you r c omp u t e r  to  s imu l a t e  

a p rogramma b l e  c a l c u l a t o r . F o r  examp l e ,  t r y t yp i ng t h e  f o l l ow i ng s e quence  

o f  c ommand s :  

r!WWI•X•l 
ilf4i§1Ml 

1 . 5608 

•!•M1 
4 . 6051 7  

i«•7.1Q1 
.8623 1 5  

kJ:M�IQ] 
1 

i'i:1!litDl 
10 
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You can a l s o  u s e  a f unc t ion ca l l  a s  an argumen t  t o  another  f unc t i on ca l l  
wher e  app r op r i at e .  For  examp l e , t ry typ ing 

? EXP ( S  R(A) ) 
2 2026 . 5  

We s ugge s t  you  t ry the v a r i ou s  f unc t i ons  i n  t h i s  way t o  b e c ome f ami l ia r  
with  the i r  ope r a t i o n  i n  BAS I C . F o r  more  i n f o rma t i o n  o n  any o f  the se  a r i thme t i c 
f unc t i ons , s e e  the  i nd i v i dua l func t ions  wi thin  the R e f e rence S e c t i o n .  

The re a r e  a l s o t h r e e  nume r i c  f unc t ions that  p e r f o rm o p e r a t i ons  on s t r i ng s . 

FUNCTION RETURNS 

ASC the dec ima l code  f o r  a s t r ing one 
chara c t e r  l ong 

LEN the l ength o f  the s t r ing a rgumen t  
in  number  o f  chara c t e r  s p a c e s  

VAL the s t r ing a rgument  a s  a nume r i c  v a l ue 

The ASC f unc t i o n  i s  c ommonly  u s e d  in  the  conve r s ion  o f  s t r ing d a t a  t o  i t s  
b a s e  nume r i c  f o rm f o r  s to rage o n  tape . LEN i s  f re quent l y  u s e d  f o r  p o s i t ion ing 
of s t r ing d at a , a s  in cent e r ing , on the s c reen . VAL i s  the  conve r s e  o f  
the STR$ f unc t ion . We d i s c u s s  the s e  f unc t i on s  i n  f u r t h e r  d e t a i l  l a t e r  
i n  t h e  S t ri ng Hand l ing chap t e r  and a l so i nd i v i dua l ly i n  t h e  Re f e r ence S e c t i on .  

Ano th e r  s e t  o f  a r i thme t i c  func t i ons  provide  c on t r o l  o f  i n f o rmat ion p o s i t i on ing 
on t h e  s c r e e n . 

FUNCTION 

POINT 

-1: POS 

* SPC 

* TAB 

RETURNS 

the c o l o r  o f  any g i ven ( x , y ) . s creen  
l oc a t ion  

chara c t e r  p o s i t i o n  whe r e  n e x t  cha r a c t e r  
wi l l  be  d i s p l ayed  

the  numb e r  of  spac e s  spec i f i e d  i n  the 
argument  

a tabu l a t ion the numb e r  of  space s  
spec i f i ed  i n  the a rgume n t  b e f o re 
p r i n t ing the next charac t e r  

-J: The EQ.S , �C , and lAB f unct -ions are  u s e d  � a s  .12a r ameteu on PRINT 
s t a t emen t s , and they a l l  a f f e c t  p o s i t i on ing o f  p r i n t e d  i n f o rma t ion on �he  
s c r e eri or  l inep r i n t e r  hard  copy . 

See  the i nd i v i dua l R e f e rence S e c t ion e n t r i e s  f o r  f ur th e r  i n f o rma t i on on 
us ing t he s e  f unc t i ons  in p rograms . 
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Then , the r e  a r e  s evera l func t ions  tha t a r e  u s e d  f o r  da t a  entry , e i th e r  f rom 
the  keybo a r d  o r  the ent e r t a i nment contro l l e r s . The se  f unc t i o n s  are  c ommo n l y  
u s e d  i n  g ame p r ogramming . 

FUNCTION 

INSTR$ 

JOY 

POT 

FIRE 

RETURNS 

a s t r ing o f  charac t e r s  entered  f rom the  
keyboard  of  l ength spec i f i e d  by a rgument  

a v a l ue corre sponding t o  the p o s i t ion  
o f  e i ther  ent e r t a i nment contro l l e r  j oy s t ick  
leve r 

a v a l ue correspond i ng t o  the  s e t t ing o f  
the po t en t i omet e r  ( po t  knob ) o f  e i th e r  
en t e r t a inment  cont ro l l e r  

a v a l ue t h a t  i nd i c a t e s  whe ther  o r  n o t  
t h e  f i re  but ton  on e i ther  e n t e r t a inment  
cont ro l l er  i s  depre s s ed  

S e e  the  C o n t ro l l e r  Input  chap t e r  and  the i n d i v i dua l func t i on e n t r i e s  in  
the  R e f e rence  S e c t i o n  for  d e t a i l s  about  and  examp l e s  of  u s ing  the s e  data  
ent ry func t ions . 

One f in a l  i n t r i n s i c f unc t i on . . .  RND . RND i s  u s e d  t o  gen e r a t e  a random numb e r  
s e quence  f o r  u s e  w i t h i n  prog rams . S e e  the Random Numb e r  Gene r a t i o n  chap t e r  
and the  RND e n t ry i n  the Re f e rence S e c t i on f o r  d e t a i l s .  

U s e r-D e f ined  Func t io n s  

T h e  DEF s t a tement a d d s  a p owe r f u  capab i l i ty t o  BASI C-- i t  l e t s  y o u  d e f ine  
your  own f unc t ions  for  u s e  wi thin  BAS I C  p rograms . W i t h  DEF , a l t ftough a 
func t ion may n o t  be  i n t ri n s i c  t o  BAS I C , you  can s t i l l  r educe re dundancy 
in  your p rogram c ode by d e f i ning an ope r a t i on f o r  reus e . F o r  examp l e , l e t ' s 
say  you  have the  need  t o  p e r f o rm a c e r t a i n  c a l cu l a t i on numerous  t ime s o r  
o n  nume r o u s  va l ue s  i n  your  p r ogram , such a s  s qua r ing a numb e r  and d i v i d ing 
the re s u l t  by  ano ther  v a l ue . Rather  than p e r f o rming the i n d i v i dua l s t ep s  
o f  the  c a l cu l a t i on each  t ime w i th s t a t emen t s  such a s  

2 7  

y o u  c a n  d e f ine  t h e  ope r a t i o n  a s  a f unGt�on  w i t h  t h e  DEF s ta t ement and then 
p r i n t  t h e  v a l ue . I f  you  t ry t o  do t h i s  i n  d ir e c t  mode , you w i l l  f in d  t h a t  
i t  doe s n o t  wo rk ( " ? ID ERROR" ) .  DEF c a n  o n l y  be  u s e d  f o r  f unc t ion d e f i n i t i o n  
and u s e  i n  ind i re c t  mode . S o , l e t ' s  e n t e r  a s imp l e  p r ogram that  i l l u s t r a t e s  
p e r fo rming the op e ra t i o n  above f rom a u s e r-de f ined  f unc t i on .  I n  t h i s p ro g r am 
we ' l l change the  va l u e s  o f  A and B a f te r  e ach func t i o n  c a l l .  
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1 0  CLS 

20 DEF FNC( C )  

30 A = 1 35 

40 B = A•S 

50 PR I NT Ft�C < C )  

60 A = A + 5 

70 GOTO 40 

In  u s ing DEF , the v a r i ab l e  name you de f ine  t o  c on t a in the f un�t i on mus t  
begin  w i th the cha r a c t e r s  "FN " . O the r chara c t e r s  i n  the f unc t i on name 
are up to you . Y o u  may f ind i t  he l p f u l  to a s s i gn a var i ab l e  n ame that  
r e l a t e s  to  wha t  the  f unc t ion doe s .  See  the DEF  e n t ry i n  chap t e r  10  f o r  
mor e  i n f o rma t i on on  u s e r-de f ined  f unc t ion s . App e n d i x  D contains  a cha r t  
o f  t h e  c o d e  f o r  o th e r  r e l a t ive ly c ommon mathema t i c a l  o p e r a t i ons  that a r e  

no t i n t r in s i ca l ly d e f ine d i n  BAS I C , b u t  tha t c an b e  i n c l u d e d  i n  p rogr ams 
by u s ing DEF . 

INDIRECT MODE OPERATION 

Now l e t ' s  t ak e  a l ook a t  how the commands  we ' ve cove r e d  so f ar f i t  into  
the o th e r  mode  of  p rogramming your compu t er--indi r e c t  mode . I n d i r e c t  mode 
is the  mod e  in whi ch you wri t e  BASI C  p rograms . You ent e r  the c ommands  
a s  l ine-numb e r e d  s ta t emen t s  in  a p rogram.  The s e  s t a t emen t s  j us t  s i t  there  
in  your  c ompu t e r ; they a r en ' t  execut e d  unt i l  you  type  the RUN command t o  
s t a r t  t h e  p rogram . When  y o u  type RUN , t h e  s t a t emen t s  i n  the  p rogram a r e  
execut ed i n  t h e  o rd e r  spec i f i e d  b y  the s e quence o f  l ine numbers  o r  the 
i n t e r n a l  p rogram l og i c , beginning with the l owe s t  numb e r e d  l ine . 

You c an p u t  any o f  the previous  c ommands o r  f un c t i on c a l l s  we ' ve d i scussed  
into  a p rogram by s ta r t ing e ach l ine w i th a numbe r .  ( Pr e s s  the "CR"  key 
to  conc l ude typ i ng of e ach l ine . ) Type NEW , then e n t e r  the f o l l owing p rogram .  

1 0  CLS 
20 PRINT "HELLO THERE ! "  

Now , type  RUN . The r e , you  have j us t  wr i t ten  a c ompu t e r  p rogram .  Pret ty 
easy , huh?  

You c a n  add to  t h i s  p rogram mer e ly by typ ing s ome a d d i t iona l l ines . For  
examp l e , 

3 0  PRINT 
40 PRINT "GREETINGS FROM" 
50 PRINT "YOUR COMPUTER" 

Type RUN a g a i n  t o  s e e  the p rogram run w i th the newl y  added  l in e s . 

Wha t  i f  you  f o rg e t  a command o r  want t o  a dd s ome thing  e l se t o  the  p rogram.  
S imp l e . You don ' t have to retype a l l  the l in e s . J u s t  add  a new l ine on 
an unus e d  l ine numbe r  in a l og i c a l  p l ac e  in the  l ine  numbe r  s e quence . 
For  e x amp l e , you m i gh t  want t o  change the d i s p l ay c o l o r s  b e f o r e  p r in t ing 
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the me s s age . Typ e a l ine  numbered  1 5  tha t cont a i n s  the  COLOR ins truc t i o n .  
F o r  examp l e , 

1 5  COLOR 1 , 0 , 3 , 7  

N ow , type the LIST  command and s ee that  your comp u t e r  h a s  p u t  l ine  1 5  i n  
the  c o r r e c t  p l ac e  i n  the  nume r i c a l  s e quence--be tween the  CLS s t a t emen t i n  
l ine  1 0  and  t h e  PRINT s ta t ement i n  l ine 2 0 . Typ e RUN t o  s e e  t h e  n e w  e f f ec t . 

Wha t  i f  you  not i c e  an  e rror i n  a l ine you ' ve a l ready comp l e t e d  by p re s s ing 
"CR" , or  want to r emove a l ine  ent i r e l y ?  Tha t ' s  j us t  as easy as e n t e r ing 
a new l in e . You  c o r r e c t  an error  i n  a l in e  by re typ ing the l in e  w i t h  t he 
s ame l in e  n umb e r . F o r  examp l e , l e t ' s s ay we want two o u t p u t  two b l ank l in e s 
b e tween  t h e  me s s ages  i n s t ea d  o f  only  one . We c ou l d  do  t h i s  by add ing a 
l ine  numb e r e d  2 5  o r  3 5  that  c o n t a i n s  a PRINT s t a t emen t , o r  we can  r e type 
l ine  3 0  as f o l l ows : 

30  PRINT : PRINT 

Typ e  L I S T  and  s e e  tha t the o r igina l ins t r u c t ion in l ine  30 h a s  been  changed .  

You can  a l s o  c o r r e c t  e rrors  in  p rogram l in e s  w i t h  the EZEDIT p rogram e d i t o r  
a n d  i t s  SUBSTITUTE c ommand . SUBSTITUTE i s  part i c u l a r ly u s e f u l  whe n  you  
ne e d  to  make the  s ame c o r re c t i on i n  a number  of  p l ac e s  i n  your  p rogram . 
For  examp l e , i f  you d e c i ded  you  want t o  rename a v a r i ab l e  s uch a s  A$ that  
appe a r s  numerous  t imes  i n  your p rogram t o  AB$ , you  c ou l d  make t he change 
wi th a s ing l e  SUBSTITUTE command i n  EZEDIT rather than r e typ ing a l l  the 
l i n e s  in BAS I C .  

Program L i s t ings 

You ' l l  f in d  in p rogramming that  you wi l l  u s e  the LIST  c ommand more o f t en 
than any o ther command , even RUN . As f ew p e op l e  can wr i t e  a p rogram that  
runs  error-f ree  the  f i r s t  t ime , LIST  i s  imp o r tant  f o r  c o rr e c t ing e r r o r s , 
or ' ' debugg i ng ' ' , your p rograms . When you type LIST , your compu t e r  r e a d s  
back t o  y o u  a l l  t h e  p rogram l ine s you ' ve entered , in  the c o r r e c t  s e quen t i a l  
orde r , beg inning with  the l owe s t  numbered l ine . H oweve r ,  y o u  c a n  c o n t r o l  
the beg inn ing l ine  o f  t h e  l i s t ing b y  adding a l ine numb e r  t o  t h e  LIST  c ommand . 
Fo r examp l e ,  i f  in  execut ing a l ong p rogram , you f ind there ' s  a syn t ax e r r o r  
i n  l ine  5 3 0  ( ' ' ? SN ERROR I N  530 ' ' ) ,  y o u  don ' t  re a l ly  wan t  t o  s e e  a l l  t h e  p r e c e d ing , 
error- f re e  l ine s . I n  that  c a s e , type 18�i .. iij® ,  and your  p rogram l i s t ing 
wi l l  b e g i n  at  l ine  5 3 0 .  

S in c e  mo s t  p rograms are  mo re  than j u s t  a f ew l in e s  l ong , you ' l l  f ind that  
the  l in e s  s c ro l l  o f f  the  s c reen  f a s t e r  than  you can  r e a d  them during a l i s t ing . 
You can avoid  the f ru s t ra t i o n  o f  having t o  l i s t  the p rog ram over  and over 
by u s ing c ont r o l  charac t e r s  t o  hal t the l i s t ing . A con t r o l  charac t e r  i s  
the c omb i na t ion  o f  the  Cont ro l key and another key , p r e s s e d  s imu l t aneous l y . 
U s e : 

Con t rol-S 

Contro l-C 

to  f re e z e  the l i s t ing t emporar i l y . L i s t ing 
cont inue s when you dep r e s s  any key . 

t o  ha l t  p rogram l i s t ing comp l e t e ly . L i s t ing i s  
not  r e s t a r t ed  unt i l  ano ther LIST  command i s  g iven . 
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No t e  t h a t  when you type e i ther  o f  the se  con t r o l  c h a r a c te r s , BAS I C  comp l etes  
p r i n t i ng the  l ine  b e ing l i s t ed  a t  the  t ime the  c o n t ro l charac t e r  i s  entered 
b e f o r e  ha l t ing the  l i s t ing . Con t ro l -C and Con t r o l -S can  a l s o  be  used  to  
ha l t  p rogram execu t ion dur ing a RUN command . 

Now , a s  an  exerc i s e , we sugge s t  you go  back and p u t  s ome o f  the  p revious  
examp l e s  i n  the  D i re c t  Mode  s e c t i o n  i n t o  i n d i rec t mode  p ro g rams and RUN 
them . You shou l d  g e t  the s ame r e s u l t s  as when you  exec u t e d  the c ommands  
in d i re c t  mode . 

Mu l t ipl e  S t a t ement s  on a Single Line 

As we ' ve p re v i ou s l y  i l l u s t ra t e d , you can cha i n  s t a t emen t s  t ogether  on  a 
s i ng l e  l ine . Thi s  i s  u s e f u l  f o r  comp a c t ing p rograms , i n  p a r t i cu l a r , s e c t i ons  
of  a p rogram that  a re not  l ike l y  to  be  changed . B e c a u s e  the  l ine  numb e r s  
i n  a p rogram a l s o  consume memo ry , comb i n ing s ta t emen t s  on  a s ing l e  l ine  
can s ave s p ac e . I n  your  i n i t i a l  p rogramming e f f o r t s , you w i l l  p robab l y  
f ind i t  e a s i e r  t o  put s t a t emen t s  o n  sepa r a t e  l ine s ,  e spec i a l l y i f  you a r e  
exp e r imen t ing  w i t h  d i f f erent  va l ue s  i n  t iming l oo p s  o r  TONE s t a t emen t s . 
Al though p u t t ing  s ta t ement s  on  separa t e  l ine numbe r s  u s e s  more RAM , there ' s  
l e s s  r e typ ing  i nvo lved  t o  make change s o r  correc t i o n s  i n  the  l ine s .  

BAS I C  does  n o t  have a l ine  renumber ing c apab i l i ty .  The EZEDIT program 
e d i t o r  do e s , howev e r . I n  i t s  r e s e quenc ing and app e n d i ng o p e ra t i on s , EZEDIT 
renumb e r s  the  l ine s i n  your  p r og ram i n  increment s  of  1 0 ,  that i s , 1 0 ,  2 0 , 
30 , . . .  I t  a l s o chang e s  the  f i r s t  l ine r e f erence  i n  any p r ogram l ine t o  
re f l e c t  t h e  n ew l ine  numbe r s .  I f  y o u  i n t end t o  u s e  EZEDIT t o  r e s equence 
or  append p r ograms , do  not cha i n  mo re than one s t a t ement  w i th a l ine r e f erence 
( e . g . , GOTO , GOSUB ) on a s ing l e  l ine . Becau se  EZEDIT o n l y  hand l e s  the 
f i r s t  l ine r e fe rence  i t  encoun t e r s  i n  any one prog ram l ine  dur i ng renumber ing , 
any a d d i t iona l l in e  r e f e rence s on  the l ine wi l l  have t o  be  changed  indi
v i du a l ly to  re f l ec t  the  new l ine numb e r s . To avo i d  the  work  i nv o l ved  i n  
t rack i ng down a n d  chang i ng l ine r e f e renc e s  a f t e r  r e s e quenc ing , p u t  l ine  
r e f e rences on  s e p a r a t e  l ine s .  F o r  examp l e , don ' t type  

Do type  

80  PRINT A ; B$ : GOSUB 500 : GOTO 10  

80 PRINT A ; B$ : GOSUB 500 
90 GOTO 1 0  

The s ame e f f e c t  i s  ach i eve d ,  and you won ' t be  r e qu i re d  t o  make co rrec t t ions  
whe n  r enumb e r ing l in e s  u s ing EZEDIT . 

The r e  wi l l  b e , h oweve r ,  ins tanc e s  i n  wh ich you wi l l  n o t  be  a b l e  t o  avo i d  
mu l t i p l e  l ine  r e f e renc e s , p a r t i c u l a r l y  w i t h  I F  . . .  THEN o r  O N  cond i t i ona l 
con s t ruc t i o n s . I n  tho s e  c a s e s , make a note  o f  occur rence s and change the 
mu l t ip l e  l ine  r e f e r e n c e s  w i th the  EZEDIT SUBSTITUTE c ommand a f t e r  you r e s e quence 
your p rogram . 
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Program Execu t i on 

You norma l ly b e g i n  execu t i o n  o f  a p rogram by typ ing t h e  RUN c ommand . RUN 
s t a r t s  t h e  program a t  the  f i r s t  program l ine and r e s e t s  a l l  var i ab l e s  t o  
z e r o . Howeve r ,  there  a r e  two other  me thods  o f  execut ing a p rogram ,  b o t h  
o f  which  a r e  u s e d  t o  s ta r t  execut ion a t  a h ighe r l ine  numb e r  i n  t h e  p rogram .  
Th i s  can  s ave t ime i n  debuggi ng p a r t s o f  your program , because  you c a n  avo i d  
hav ing t o  e x e c u t e  o the r , una f f e c t e d , par t s  o f  your  p rogram . 

The f ir s t  method  u s e s  t he GOTO s t a t ement . In  i n d i r e c t  mode , GOTO t ra n s f e r s  
p r ogram c o n t r o l  t o  a spec i f i e d  l ine numbe r .  You can a l s o u s e  GOTO i n  d i re c t  
mod e  t o  s t a r t  p rogram execu t ion  a t  a spec i f ic p o i n t . When GOTO i s  u s e d  
in  t h i s  way , a l l  p rogram var i ab l e s  rema in the way they were s e t  during  p r e v i o u s  
program execu t i o n  ( un l e s s  y o u  have r e s e t  them i n  d i rec t mode ) . F o r  examp l e , 
l e t ' s  e n t e r  the f o l l ow i ng p rogram .  F i rs t , type to change 
the c o l o r s e t t ing . 

10 CLS 

1 5  COLOR 6 , 7 , 4 , 0  

1 7  A = 97 

18 B=50 

20 P R I NT " HELLO " 

30 PR I NT " . " : TONE A , B  

40 P R I NT "  . · : TONE A , B  

50 P R I NT " . " : TONE A , B 

55 PRINT : PR I NT 
60 P R I NT " TH I S  I s ·  

70 P R I NT " YOUR COMPUTER " 

80 P R I NT · sPEAK ING" 

Now , execu t e  t h i s  p ro g r am by typing RUN . When the program f i n i sh e s  a n d  
y o u  s e e.  the. "OK" p r omp t , e x e c u t e  i t  aga i n , only  t h i s  t ime t y p e  

No t e  that  t h e  p rog ram r u n s  j u s t  a s  i t  d i d  b e fore , excep t that  the s c re e n  
i s  n o t  c l e a r e d  b e c a u s e  y o u  i n s t ruc t e d  y o u r  comp u t e r  t o  skip  that  s t ep . 
You a l s o  skipped  l in e s  1 5 ,  1 7 ,  and 1 8 ,  but the COLOR s t a t emen t  and the v a r i ab l e s  
A and  B r ema i n  i n i t i a l i ze d  f rom the  p revious  p rogram execut i o n . I f  y o u  
change t h e  va l ue o f  a v a ri ab l e , e x e c u t e  t h e  p rogram f rom the b eg inning w i t h  
a RUN c omman d  t o  make s ure t h a t  var i ab l e  ge t s  r e i ni t i a l i z e d . 

You can  a l s o b e g i n  execut i o n  i n  mid-p rogram w i th the RUN command and a l ine  
numb e r . W i t h  RUN , however ,  t he var i ab l e s  are  a u t oma t i ca l ly r e s e t  t o  z e ro , 
rega rd l e s s  o f  whe th e r  y ou s ta r t  w i t h  the f "  s t  l ine  i n  the program o r  s ome 
o t h e r  l in e . Change t he c o l o r s e t t ing and execu t e  the p rog ram a g a i n  by typ i n g  

COLOR 1 3 ,0 , 7  

N o t e  that  i n  t h i s  execut i on o f  the p rogram , the screen  c o l o r  d o e s  n o t  change 
and the s c reen  i s  n o t  c l ea r e d  because tho se  l in e s  w i th the RUN 2 0  command . 
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The t ones  a c c ompany ing the  p r in t ing o f  e ach p e r i o d  ( " . " )  a r e  a l s o much 
h ighe r p i t ch e d  and  much l onge r .  Th i s  happens b e c au s e  the  var i ab l e s  A and 
B were  r e s e t  t o  z e r o  when you  executed  the p rogram w i th RUN , and the TONE 
s t a t emen t s  i n  l in e s  3 0-50  are  a c t ua l ly proce s s e d  a s  TONE 0 , 0 .  I n  genera l , 
t o  avo i d  prob l ems  r e su L t ing  f r om r e s e t  var i ab � , we ec ommend u s ing GOTO 
t o  b e g i n  execu t i on in m id-2 rogram rat�er  th UN w i t h  a l ine  numb e r . 

Keyboard Input t o  P rograms 

As we s t a t e d  in the  BAS I C  Ba s i c s  chap t e r ,  t h e r e  a r e  a numb e r  o f  ways  t o  
g e t  d a t a  i n t o  your  p rogram--w i t h  ent e r t a i nmen t  c o n t ro l l e r  f unc t i o n s , f r om 
t a p e  w i th the  CLOAD command , w i t h  DATA/ READ s t a t emen t s  i n  the  p rogram . 
The s e  o th e r  metho d s  a r e  d i s cu s s e d  a t  l ength i n  o th e r  p l a c e s  in  the  manua l .  
We a r e  imme d i a t e l y  c oncerned  w i t h  i np u t  f r om the keyboa rd . 

Key b o a rd i np u t  c a n  b e  o b t a ined  i n  two way s--the INPUT s t a t ement and  t he 
INSTR$ func t i on .  W i t h  b o th ope ra t i on s , your comp u t e r  t ake s input  f rom 
the keyboard  and s t o r e s  i t  in a var iab l e . 

The INPUT s t a t ement  cao s e s  :your p r ogr:am t o  s t; op and  wa i t  f or da.t a  e n t ry 
f r om the  keyboa r d . INPUT p i n t s  a que s t i o n  mark on  the  s c reen t o  l e t the  
u s e r  know that  i np u t  is  expec t e d . Fur the r p rogram execu t i on i s  h a l t e d  
unt i l  t he c ompu t e r  r e c e i v e s  a " CR"  t o  e n t e r  the  v a l u e . W i th INPUT , you  
d i r e c t  your  c ompu t e r  t o  s t ore  the  v a l u e  entered  in  e i th e r  a nume r i c  o r  
s t r ing  var i ab l e , a s  approp r i a t e  f o r  t he d a t a  b e i ng e n t e re d . 

The f o l l ow i ng prog ram t ak e s  i np u t  f rom the keyboa r d , s to r e s  i t  in the named 
va r i ab l e s , p roce s s e s  i t , and then outpu t s the  r e su l t s  o f  the  p roce s s ing 
on the  s c reen . I n  t h i s  p r ogram , we ' l l a sk f o r  the  u s e r ' s  name , height  
in  inche s , and  we ight  i n  p ound s , then c onve r t  i nche s t o  c en t ime t e r s  and 
pounds  to  k i l ograms for  the  f in a l  d i sp l ay .  

1 0  CLS 

20 COLOR6 , 7 , 4 , 0  

30 P R H I T "  WHAT' S YOUR " 

40 I NPUT " NAME " ; N$ 
50 CLS : PR I NT " HELLO , " ;  N$ 

60 P R I NT : P R I NT " HOW TALL ARE " 

70 P R I NT " YOU I N  I NCHES " 

80 I NP UT I N  
9 0  P R I NT : PRINT " HOW MUCH DO YOU " 

100 I NPUT " WE I GH " ; LB 

1 1 0 CM=2 . 54• I N  

1 20 KG=LB/2 . 2  

130 C LS 

140 P R I NTN$ ; " ,  YOU ARE " 

1 5 0  PRINTCM 
1 6 0  P R I NT " CENT I METERS TALL " 
170 PRINT " BUT YOU W E I GH " 

180 PRINT " ONLY " ; KG 

1 90 P R I N T " K I LOGRAMS ! "  

195 FORP= 1 T02000 : NEXT 
200 CLS : GOT030 
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No t ic e  t h a t  you can u s e  the  INPUT s t a t ement w i th o r  wi thout  a s t r ing cons t a n t , 
a s  shown i n  l in e s  80 and 1 00 .  I f  you exeeute  t h i s  p rogram , y ou ' l l  s e e  t h a t  
an INPUT s ta t ement  t h a t  c o n t a i n s  a s t: .r; ing con s t a n t  i s  v i sua L L y d i f f e  e n t  
f om o n e  i thout  a s tr ing c on s t an t . Wi thGut  a s t T tng , t h e  INPUT que s  · on 
mark p romp t appe a  s on  a inc  a l one . I £  y0u · e l ude  a s t r. ing , the  ? p romp t 
i s  on  the  s ame l ine  a s  and imme d i a t e ly o l ows the s t r i ng . I f  you  u s e  I NPUT 
and a s t r ing , s ep a r a t e  t he S L  ing and t he va i ab l e  for s t o rage w i th a s em i 
co l on .  I f  you don ' t  u s e  a s t r " ng ,  do n o t  put  a semi-co l on b e tween the  I NPUT 
keywo r. d  and the var i ab l e  name . Genera l ly ,  we sugge s t  you do  u s e  a s t r ing 
t o  r e duce confu s i on f o r  the  user  and t o  i n d i c a t e  wha t k i nd of  d a t a  i s  b e i ng 
re q u e s t e d . 

You ' l l  f in d  t ha t  BAS I C  w i l l l e t  you enter  n�me x i c  d a t a  and s t o r e  i t  i n  a 
s t � ing va  i ab l e .  The reve r s e  i s  n o t  t rue , howeve r .  I f  you  t ry t o  e n t e r  
s t r ing d a t a ,  s uch a s  a name , i n  re sponse  t o  an INPUT query  f o r  nume r i c  d at a , 
the me s s age  

?REDO FROM START 

p r i nt s , and  t h e  INPUT p romp t reapp e a r s . Execu t e  th i s  me t r i c  c o nve r s i o n  
program a n d  t ype a numb e r  when i t  a sks  f o r  y o u r  name a n d  y o u r  name when 
i t  a sk s  f o r  y o u r  he i g h t  to see t h i s  i l l u s t ra t e d . 

The o th e r  me t h o d  o f  keyboard  d a t a  e n t ry i s  the INSTR$ func t i o n . Because  
i r  i s  a s t r ing -f unc t i o n  ( en d s  in $ ) ,  d a t a  e n t e r e d  i n  r e sponse  to  the  NSTR$ 
func t i on  can o n l y  be  s t ored  · n a s t r ing va r i ab l e .  W i t h  INSTR$ , you s p ec i fy 
the l ength  ( in number  o f  charac t e r s )  the ent e r e d  s t r i ng i s  t o  b e . F o r  examp l e , 

200 A$ = INSTR$ ( 2 )  

w i t h i n  a p rogram c au s e s  t he c ompu t e r  t o  s t op and wa i t  f o r  ent ry o f  two cha r a c t e r s  
f r om t h e  keyb o a r d  b e f o r e  cont inu ing program execu t i on .  1-J "  t h  INSTR$ , t-he  
screen  r ema i n s  unchange d--no " � "  p :r:_omp t appea  - s  to  s i gna l- t h a t  i nput -L s  
r e q u i  e d--and t h e  " CR"  key i s  not- requiL-ed  t o  e n t e r  the  s t r ing . -rog ram 
execu t i o n  automa t ic a l ly  p ro c e e d s  when t h e  spe  " f. L � d  numb e r  o f  chara c t e  s 
have been  t yp e d .  B � c a u s e  t h e  s c r e e n  i s  und i s t ur: b e d  w i t h  t h i s  d a t a  e n t ry 
me tho d , � t ' s  a good  i de a  t o  gene r a t e  a t one o r  LWO j u s t  b � o r.c c a l l ing �he 
INSTR$ f unc t i on ,  to  l e t  the u s e r  kno tha t input  is  n e e de d .  

A l t hough t h i s  func t i o n  can t e chn i ca l l y on l y  hand l e  s t r ing d a t a , you can  
u s e  i t  i n d i rec t l y  to  enter  nume r i c  da t a .  Becau s e  nume r i c  data  can be  e n t e r e d  
a s  s t r ing d a t a , y o u  c ou l d  a c c e p t  e n t ry o f  a numb e r  w i t h  I NSTR$ , then c onve r t  
the  nume r i c  s t r ing t o  a nume r i c  va l ue w i th the VAL f unc t ion . You cou l d  
then  p e r f o rm a r i thme t i c opera t i ons  o n  the v a l ue . S e e  t h e  S t r ing Hand l ing 
chap t e r  f o r  mo re  i n f o rma t i on on t h i s  t yp e  of opera t i on . 

The INSTR$ func t i on i s  c ommon l y  u s e d  a s  A$ = INSTR$ ( 1 )  t o  inp u t  uye s ' '  o r  
"no " ( t rue o r  f a l s e )  i n f o rma t i on on  which your compu t e r  b a s e s  a dec i s i o n  
L O  b ranch t o  ano t h e r  p a r � o f  the program.  We ' l l t a lk m o r e  about  t h i s  i n  
Cond i t i o n a l Re l a t i o n s h i p s  l a t e r  o n  i n  t h i s  chap t e r  a n d  a l ong w i t h t h e  I F  
s t a t eme n t  i n  t h e  R e f e rence S e c t i on .  
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Inte rna l Program Document a t ion 

You can  docume n t  p rogram opera t i ons w i th i n  the  p rogram by e n t e r ing REM 
( rema r,k ) s t a t emen t s .  REM s t a t ement s a r e  n o t  a c t ua l ly e x e c u t e d  when you 
RUN your p rogram .  REM l in� s are inc l ud e d  me r e L ¥  to documen t  your  program 
log i c . BAS I C  c on s i d e r s  e v e ry th ing f o l l owing a REM keywo r d  o n  a l ine  t o  
b e  document a t ion ,  s o  neve r cha in  mu l t i p l e  s t a t emen t s  o n  s uch a l ine . I f  
you do , t h e  s t a t emen t s  w i l l  neve r b e  execu t e d .  

We a l s o r e c ommend that  y o u  don ' t  b anch o r  l oop t o  a REM l ine  w i t h  a GOTO 
s t a t eme n t . REM l ine s t ake up cons i de r ab l e  RAM , and , a s  your  p rogram grows , 
they may have t o  b e  removed t o  ga in a dd i t i ona l p ro g r ammi ng spac e . I f  you 
GOTO a REM l ine , t hen r emove t h a t  REM l a t e r  on , you  wi l l  g e t  a " ?UL ERROR" 
when you  e x e c u t e  the  program ,  un l e s s  you f i r s t  c o r r e c t  a l l  the  GOTO r e f e rence s 
to  the  REM l i ne . S o , t o  avo i d  nee d l e s s  r e typ ing , p a s s  p ro g r am cont r o l  
to  the  f i r s t  s t a t ement  o n  the l ine imme d i a t e l y  f o l l ow i ng t h e  REM l ine . 

To i l l u s t ra t e  the  u s e  o f  REM s t a t ement s ,  we have anno t a t e d  t h e  p revious  
me t r i c  c onve r s ion p rogram . I f  you  add  t h o s e  l ine s ,  t hen e x e c u t e  the  p rogram 
aga i n , y ou ' l l  s e e  no  d i f f e rence f rom the p re v i ou s  o p e ra t i on . 

10 CLS 

20 COLOR6 , 7 . 4 , 0  

25 REM ENTER NAME 

30 P R INT " WHAT' S YOUR " 

40 I NPUT " NAME " ; N$ 

50 C L S : PR I NT " HELLO , " ; N$ 

55 REM ENTER H E I GHT AND W E I GHT DATA 

60 PR I NT : PR I NT " HOW TALL ARE " 

70 P R I NT " YOU I N  INCHEs · 

80 I NPUT I N  

90 P R I NT : P R I NT " HOW MUCH DO YOU " 

100 I NPUT " WE I G H " ; LB 

105 REM CONVERT HEI GHT AND W E I GHT TO METR I C  EQU I V A LENTS 

1 1 0 CM=2 . 54 • I N  

120 KG=LB/2 . 2  

1 30 CLS 

135 REM D I SPLAY CONVERTED VALUES 

140 PR I NTN$ ; " ,  YOU ARE " 

150 P R I NTCM 

1 6 0  PR I NT " CENTIMETERS TALL " 

1 7 0  P R I NT " BUT YOU WE I GH " 

1 8 0  P R I N T " ONLY " ; KG 

1 9 0  PR I NT " K I L OGRAMS ! "  

1 94 R E M  PAUSE LOOP 

195 FORP= 1 T 0 2000 : NEXT 

1 97 REM START OVER AGA I N  

200 C L S : GOT030 
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Condi t iona l Re l a t ionsh ips 

Wi thin  a p r ogram , you  can t e l l  your comp u t e r  to make a d e c i s ion  about program 
execu t ion  b a s e d  on  t h e  r e su l t  o f  t e s t ing a cond i t i o n .  An� c o n d i t i on a lway s 
t e s t s  a s  e i th e r  " t rue"  o r  " f a l se " . A con d i t ion  can  t e s t  f o r  equa l i ty , non
equa l i ty ,  g r e a t e r  than , or l e s s  than , u s ing t he r e l a t iona l ope r a t o r s  l i s t e d  
in  t h e  BAS I C  B a s i c s  chap t e r . The s t a t emen k S  u s e d  t o  t e s t  cond i t i ona l r e l a t i on
sh i p s  a re IF . . .  GOTO , IF . . .  THEN , and ON . 

IF  . . .  GOTO t e l l s  your  comput e r  t o  tran s f e r  p r ogram cont r o l  t o  the  f i r s t  s ta t ement 
on a s p ec i f ie d  l ine , i f  the g i ven cond i t ion  t e s t s  t o  b e  t ru e . For  examp l e , 
cons i d e r  the f o l l ow i ng program .  I t  a sk s  the  u s e r  t o  s e l e c t  a c o l or by p r e s s ing 
a s ing l e  key . The IF s t a tmen t s  t e s t  the v a l ue of the ! -charac t e r  s t r ing 
ent e r e d  w i th the  INSTR$ func t i on . I f  the v a l ue t e s t s  t rue  on any o f  the  
IF s t a t ement s ,  the  GOTO s t a t ement on  that  l ine is  execut e d ,  and  prog ram 
cont r o l  t ranf e r s  t o  t h e  spec i f ie d  l ine . Th i s  progr am a l so i l l u s t r a t e s  t e s t ing 
the r e s u l t  of an  INSTR$ func t i on to t e s t  f o r  a "ye s / no "  answe r , in t h i s  
examp l e ,  t o  d e c i de whe ther  t h e  program i s  to  b e  e x e c u t e d  aga i n  o r  n o t . 

1 0  CLS : COLOR0 , 3 , 1 , 7  

20 OUTPUT " COLOR " , 40 , 67 , 1 

30 O UTPUT " TE S T  PROGRAM " , 25 , 60 , 1 

35 W I NDOW55 

40 P R I NT " CHOOSE A COLOR : " 

50 PR I NT " l =RED 2=GREEN " 

60 P R I NT " 0=BLACK ?=WHITE " 

70 P R I NT " 6=CYAN 3=YELLOW " 

80 P R I NT " 4=BLUE 5=P I NK "  

90 TONE 1 28 , 50 : TONE94 , 50 

95 AS= I NSTR$ ( 1 )  

1 00 I FA$= " 1 " GOT0300 

1 1 0 I FA$= " 2 . GOT0440 

120 I FAI= " 3 " GOT0400 

130 I FA$= " 4 " GOT0320 

1 40 I FA$= " 5 " GOT0420 

150 I F A$= " 6 " GOT0380 

1 60 I F A$= " 7 " GOT0360 

170 I FA$= " 0 " GOT0340 

300 CLS : COLO R 1 , 3 , 1 , 7 : 0UTPUT " RED " , 48 , 60 , 3 : GO T 0 5 00 

320 CLS : COLOR4 , 3 , 1 , 7 : 0UTPUT " BLUE " , 46 , 60 , 3 : GOT05 0 0  

340 CLS : COLOR0 , 3 , 1 , 7 : 0 UTPUT " BLACK " , 42 , G0 , 3 : GOT0500 

360 CLS : COLOR7 , 3 , 7 , l : OUTPUT " WH I TE " , 42 , 50 , 3 : GOT0500 

380 CLS : COLOR6 , 3 , 1 , 7 : 0UTPUT " CY AN " , 48 , 60 , 3 : GOT0500 

400 CLS : COLOR3 . 3 , 1 , 7 : 0UTPU T " YELLOW " , 37 , 60 , 3 : G OT0500 

420 CLS : COLOR5 , 3 , 1 , 7 : 0UTPUT " P I NK " , 48 , 6 0 , 3 : GOT050 0  

4 40 CLS : COLOR2 , 3 , 1 , 7 : 0UTPUT " GREEN " , 42 , 60 , 3  

500 FORP= 1 T 0 1 00 0 : NEXT 

505 CLS 

5 1 0 OUTPUT " AG A I N? " , 35 , 60 , 3 

520 A$= I NSTR$( 1 )  

530 I FnS= " Y " GOT0 1 0  

5 4 0  I FA $ = " N " GOT0600 

550 G O T0520 

600 CLS : OUTPUT " THANK YOU " , Z5 , 60 , 1 
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The re ' s  o n l y  one p ro b l em you might  encoun t e r  when you  execute  t h i s  p ro g r am .  
I f  y o u  type  a chara c t e r  o th e r  than 0 through 7 ,  l ine 1 00 i s  exec u t e d . 
Th i s  h appens  because  none o f  the IF  s t a t emen t s  t e s t s  t rue , s o  execu t ion  
cont inue s w i th the  f i r s t  s t a tement f o l l owing the  cond i t i ona l t e s t ing . 
To avo i d  t h i s  p rob l em ,  we ' l l t e l l t he comput e r  t o  re turn t o  the  I NSTR$ 
func t i on i f  none o f  the  cond i t i ons  t e s t s  t rue . Type 

1 80 GOTO 9 5  

then  RUN t h e  prog ram again  and t ry to  repe a t  the p r ob l em .  Y ou ' l l  s e e  that  
the  c omp u t e r  no l onger  accep t s  any key  excep t 0 t h rough 7 .  

IF  . . .  THEN s t a t emen t s  a l s o t e s t  c ond i t i ona l r e l a t i o n s h ip s . I f  a r e l a t i o n  
t e s t s  t rue , t h e  c ompu t e r  execu t e s  a l l s t a t emen t s  c h a i n e d  f o l l owing t he 
THEN p o r t ion  o f  the s t a t ement . I f  no s ta t ement t h a t  t ran s f e rs  p rogram 
con t r o l  app e a r s  f o l l owing THEN , p rog ram cont rol  p a s s e s  t o  the  n e x t  h igher  
l ine numb e r  a f t e r  the  chained  s t a t ement s have a l l  been e x e cu t e d . 

We c ou l d  change the  previous  p rogram t o  use  the I F  . . .  THEN c on s t ruct ion  
by  chang ing l ine s · 1 00 through 1 80 a s  shown b e l ow ,  and comp l e t e l y  remov ing 
l in e s  � 00-440 . Th i s  mak e s  the p rogram cons i de rab l y  shor t e r , as  you  c an 
s e e . I f  you  make the s e  change s ,  then execute  the p rogram again , you won ' t 
not i c e  any o p e ra t i onal  d i f f e rence . Th i s  i l l u s t r a t e s  the  f ac t  t h a t  you 
can u s e  a v a r i e ty o f  s ty l t� s  in  p rogramming . The r e  i s  n o  r e a l  " r igh t "  way 
to p rogram ,  j u s t  as there i s  no " r igh t "  way to exp r e s s  a t hought in a l anguage , 
a s  l ong a s  the  syntax i s  c o r re c t . 

1 0  C L S : COLOR 0 , 3 , 1 , 7  

20 O UTPUt " CO L OR " , 40 , 67 , 1 

30 O UTPUT " TEST PROGRAM . , 25 , 60 , 1  

35 W I NDOW 55 

40 P R I NT " CHOOS E  A COLOR : • 

50 PRINT . 1 =RED 2=GREEN " 
60 P R I NT " 0=BLACK ?=WH I T E " 
70 PR HIT " 6=c;YAN 3=YELLOW " 
80 P R I NT " 4=l3LUE S=P I N K " 
90 T O NE 1 28 , S0 : TONE 94 , 50 
9 5  A $  = IMSTR$( 1 )  

1 0 0  I F  A$ • 1 .  THEN CLS : C OLOR 
1 1 0  I F  AS u 2 •  THEN CLS : COLOR 
120 I F  At " 3 "  THEN CLS : COLOR 
130 I F  A$ " 4 "  THEN CLS : COLOR 
140 I F  AS 11 5 11 THEN CLS : COLOR 
150 I F  AS " 6 "  THEN CLS : COLOR 

1 60 I F  A$ · ? �  THEN CLS : COL.OR 
1 70 I F  A$ " 0 "  T HEN CLS : C OLOR 
180 GOTO 95 
500 FOR P = 1 TO 1 000 : NEXT 

1 , 3 , 1 , 7 : 0UTPUT " RED " , 48 , 60 , 3 : GOTO 500 

2 , 3 , 1 , 7 : 0UTPUT " GREEN " , 40 , 60 , 3 : GOTO 500 

3 , 3 , 1 , 7 : 0UTPUT " YELLOW " , 36 , 60 , 3 : GOTO 500 
4 , 3 , 1 , 7 : 0UTPUT " BL UE " , 44 , 60 , 3 : GOTO 500 
5 , 3 , 1 , 7 : 0UTPUT " P I NK " , 44 , 60 , 3 : GO T O  500 

6 , 3 , 1 , 7 : 0UTPUT " CYAN " , 44 , 60 , 3 : GOTO 500 

7 , 3 , 7 , 1 : 0UTPUT " WH I TE " , 40 , 60 , 3 : GOTO 500 

0 , 3 , 1 , 7 : 0UTPUT " BLACK " , 40 , 60 , 3 : GOTO 5 0 0  

e t c . 
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So , how do  y o u  d e c i de whe ther  t o  u s e  the I F  . . .  GOTO o r  I F  . . .  THEN c o n s t ru c t ion?  
In  many c a s e s , i t  d o e s n ' t  make much d i f f e rence  wh i ch you  u s e . I n  g e n e ra l , 
though , u s e -IE  . .  GOTO i f  you want p 5ogram c on t r o L- t ra n s f gr r c d  t o  a n o t h e r  
pa t o f  the  pxog ram i f  a given  c on d i t ion  i s  t r.ue . Use  I F  . . .  THEN i f  y o u  
j u s c-wa n t  t o  e x e c u t e  a sho r t  s e  i c s  o f  s t a t ement s i f  t h e  c o nd i t ion  i s  t ru e . 
No t e  t h a t  you  c a n  u s c  GOTO i n  con j unc t i on the I F  . . .  THEN cons t ruct ion i f  
you want t o  t ra n s f e r  program c on t r o l  a f t e r  execut i ng s ome o t h e r  s ta t emen t s .  

--- f! 
You c an a l s o c omb ine  c o nd i t i o n s  t o  be  t e s t e d  dur i ng e x e c u t i on o f  an  I F  s t a t e
ment w i t h  e i th e r  o f  the  BOOLEAN o p e r a t o r s --AND and OR . 

I f  y o u  u s e  the  AND o p e ra t o r , you t e l l your  c omp u t e r  t o  e x e c u t e  the  GOTO 
or THEN s t a t emen t s  o n l y  i f  a l l  the cond i t i on s  g i ve n  a r c  t rue . I f  you  u s e  
the OR o p e r a t o r , a t  l e a s t  o n e  o f  t h e  g iven c ond i t i o n s  mu s t  b e  m e t  f or the 
GOTO or THEN s t a t emen t s  t o  b e  execu t e d . You can t e s t  up to 5 c on di t i on s  
a t  a t ime w i th AND and OR , and y o u  c an c emb ine  AND and  OR t e s t s  w i t h L n  a 
s � ng l e  IF  s t a t emen t . 

The f o l l ow i ng p rogram t e s t s  f o r  d e p r e s s i o n  o f  the  f i r e  but t o n  o n  e i th e r  
t h e  l e f t  OR r ight  cont ro l l e r  ( l i ne 30 ) . I f  e i th e r  f i r e  but t on i s  d e p re s sed , 
program c o n t ro l t ra n s f e r s  t o  l ine 5 0 .  

1 0  CLS : COLOR 4 , 7 , 3 , 7  , 
20 OUTPU T " PUSH F I RE BUTTON " , 1 0 , 60 , 1 

30 I F  F I R E ( 0 ) = 0  OR F I R E ( 1 )=0 GOTO 50 

40 G O T O  30 

5 0  CLS : PR I N T " FUN I SN ' T I T " 

60 F O R  0= 1 TO 999 : NEXT 

70 G O T O  1 0  

Our n e x t  e xamp l e  i l l u s t ra t e s  c ond i t iona l t e s t i ng w i th the  AND o p e ra t o r . 
I t ' s  n o t  a comp l e t e  p rogram ,  but i t  demon s t r a t e s  how t o  t e s t  t o  d e t e rmine  
if  a numbe r  i s  w i th i n  a s p e c i f i e d  range , i n  t h i s  c a s e , 1 - 1 2 .  

1 0  CLS : COLOR 7 , 1 , 4 , 2  

20 PR I NT " ENTER 1'10NTH= " 

30 I NPUT M 
35 M = HH( M )  
40 I F  �1 >0 AND M< 1 3  GOTO 60 

45 P R I NT " BAD MONTH C ODE " 

50 GOTO 20 

60 REM ETC . , ETC . 
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Look Before You Loop 

How do you  re-execute  a p a r t  o f  your p rogram more t han once  wi thout  re typ ing 
a l l  the  l in e s  aga i n ?  We ' ve a l ready s e en that  we can use  the  GOTO s t a t ement  
to  l oop t h rough a set  o f  i n s t ru c t ions mu l t i p l e  t ime s .  The  p rob l em w i th 
us ing GOTO s t a t eme n t s  f o r  l oop ing i s  that  they c an c re a t e  wha t a r e  c a l l e d  
" inf i n i t e  l oops ;\ . That i s ,  the  p rogram wi l l  execute  the s t a t emen t s  a ga i n  
and a g a i n  a n d  aga in , unt i l  y ou h a l t  execution  b y  typ ing Con t ro l -C .  Th i s  
i s  f ine  i f  y o u  want your p rogram t o  l oop inde f in i t e l y , but  wha t  i f  you  
wan t  to  p e r f o rm an  opera t i on f ive t ime s and no mo r e ?  I n  t h i s  c a s e , the 
GOTO s t a t ement  may be rep l ac e d  w i th a d i f f e rent  k i nd of l oop ing-- the FOR . . .  NEXT 
l oop . 

EOR and  NEXT arc  a p a i r  o f  i n s t ruct ions  that  d e f ine  the  b e g inning and <Snding 
po i n t s  o f  a oop , c s pe � t ive ly .  Any s t a t emen t s  wi t h i n  the  l oop wi l l  b e  
exe c u t e d  a s  many t ime s a s  spec i f i ed  i n  the beg inning FOR s t a t ement . I n  
the D i rect  Mode Ope r a t ion  s e c t ion o f  t h i s  chap t e r ,  w e  g ave a s imp l e  examp l e  
o f  u s ing a FOR • • •  NEXT l oop t o  d r aw a l ine : 

OR X = 1 TO 1 1 2 : PLOT X , 50 , 2 : NEX� 

In  t h i s  s e t  o f  i n s t ruc t ions , X i s  the i t e r a t i on va Tne i t e r- a t ion  
var i ab l e  a c t s  a s- a l oop c ount e v-- i t s  va L ue i s  i nc r eme n t e d  i n  s t e p s  o f  1 
<'�ac t ime th@ s t a t emen t s  i the l oop a e exc e::_ ut - d and t-he NEXT s t a t ement 
i-S  r e a che d .  1 is  d e f ined  as  the  s tart ing ..rva l ue o f- X and 1 1 2  is  d e f ined  
a s  i_ t s  h ighe s t  v a l ue . When the  l oop coun t e -r  cache s the  max imum va l ue , 
L oop ing e nd s , and  L he s t a t ement  imme d i a t e L y  f o l l owing NEX� i s  execu Le d .  
In t h i s e x amp l e , we  a l so u s e  X a s  the x-coord ina t e  i n  the  PLOT s t a t ement . 

The NEXT s ta t emen t  i d e n t i f ie s  the  end o f  a l oop i t e r a t ion . NEXT i nc reme n t s  
the v a l ue o f  t h e  i t c� ra t i on v a r i ab l e  ( l oop coun t e r ) . It a l s o con t a i n s  an 
imp l i c i t  GOTO s t a t ement  that sends p rog ram cont r o l  back to the o r ig in a t ing 
FOR s t a t ement , unl e s s  t h e  i t e r a t ion v a r i ab l e  is  e qua l to  o r  exc e e d s  the  
end ing value  o f  X .  

The f o l l owing s imp l e  p rog ram i l l u s t r a t e s  l oop ing even mo r e  c l e a r l y . 

1 0  FOR I = 1 TO 10  
20 PRINT "HELLO" 
30 NEXT I 

RUN t h i s  p rogram and you ' l l  s e e  the  word HELLO p r i n t  on your  TV s c reen  
ten  t ime s .  Af t e r  the t enth p r in t ing o f  HELLO , the  p rogram end s .  

In a n  e ar l i e r  examp l e  ( P rogram Execut ion , page 2 -1 6 ) , we gave three  i de n t i c a l  
PRINT c ommands  on three  d i f f e rent  l in e s . You c a n  s e e  now that  th i s  wa s 
rea l l y a wa s t e  o f  space  and  typ i ng--we cou l d  have comb in e d  a l l  t h r e e  s t a t e 
men t s  i n t o  a FOR . • .  NEXT l oop , a s  f o l l ows : 
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10 CLS : COLOR 6 , 7 , 4 , 0  

1 5  A -- 9'1 
1 7  B = 50 

20 PR I NT " HELLO " 

30 FOR I - 1 TO 3 

40 PR INT " . " : TONE A , B  

50 NEXT I 

60 P R I NT : P R I NT 

70 PR I NT " TH I S  I S  YOUR " 

80 PR I NT " COMPUTER SPEAK I NG " 

An even s im� e f o Lm o f  L oop ' ng L S  u s e d  t o  cont r o l  p rog ram t 1m1ng . I t ' s  
c a l  e d  t h e  pau s e  l o op . In pause  l oop s , you s imp l y  g ive the  b e_ g i nn i ng FOR 
and �nd i ng NEXT s a t emen s �i Ehout any o t n  s t a t emen t s  i n  b e twe e n : 

200 FOR P = 1 TO 500 : NEXT 

Es s e n t i a  y ,  wha t  you  a re t e  ng our  comput e r  i s  "Go do no th ing 500 t ime s , 
be f o r e  y o u  do  any t h i ng e l s e . "  Pau s e  l oops  a re p a r t icu l a r l y  u s e f u l  f o r  ho l d ing 
v i s u a l s  o n  the  s c reen  l ong enough s o  tha t they can  b e  f u l l y  apprec i a t e d , 
o r  ins t ruc t i ons  l ong enough to  be r e a d .  

Wha t  go e s  i n s i de a l oop and wha t s t ays out ? Thi s  i s  v e ry imp o r t an t  f o r  
t h e  succe s s f u l  execut i o n  o f  a p rogram con t a i n i ng l oop s . I f  y ou don ' t have 
eve ryth ing you n e e d  in the l oop , of i f  you have s t a t emen t s  inc l uded  that  
sho u l dn ' t b e  the r e , your  p ro g ram wi l l  not  d o  wha t you  want i t  t o  do . Pu t 
o n l y  tho s e  s t a t ement s  i n  a l oop tha t you want r e-execu t e d  on  ea ch i t e ra t ion 
through the l oop . I n i t ia l i z a t ion a s s ignment s o f  v a r i ab l e s  w i th va l u e s  t o  
be  increme n t e d  d u r i ng the  l oop , f o r  examp l e , sho u l d  not  be inc luded i n  the 
l oop . I f  you do  inc l ude  them , the v a r i ab l e s  wi l l  b e  r e i n i t i a l i z e d  e ach 
t ime i n s t e a d  o f  inc reme n t e d .  As an e xamp l e , e n t e r  the f o l l owing p rogr am . 

10 CLS 

20 COLOR6 , 4 , 7 , 0  

30 X = 55 

40 Y=38 

50 XL=S 

60 Y L=4 

70 FORC= 1T0 3  

8 0  PLOT X , Y , C , XL , YL 

':30 X=X - 2  

100 Y = Y - 2  

1 1 0 XL=XL+4 

1 20 YL=YL+4 

1 2 5  FORQ= 1 T 0 1 00 : NEXT 

130 ND<T 

1 40 I F Y > = 6GOT070 

150 GOT0 1 0  
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Th i s  p ro g r am r e qu i r e s  M i c r o s o f t  8K BAS I C .  I t  d raws a s e r i e s  o f  p ro g re s s i ve l y  
l a rge r s qu a r e s  o n  the  s c reen  by inc remen t ing t h e  ( x , y )  c o o r d ina t e s  and 
X and  Y l en g t h s  of e ach p l o t w i th in the  l oop . N o t e  t h a t  t h e  ini t i a l  v a l u e s  
o f  X ,  Y ,  XL , a n d  Y L  a rc d e f ined  out s i de the  l oop . I f  you p u t  t h em i n s i � e  
the  l oop , the s ame s i z e  s quare wi l l  be  r e d r awn ove r and ove r a ga i n .  F in d  
o u t  mo r e  a b o u t  u s ing FOR . . .  NEXT l oops  f o r  graph i c s  deve l opmen t  i n  t h e  G r aph i c s  
chap t e r .  

The u s e s  f o r  FOR • . .  NEXT l oo p s  a r e  v i r t ua l ly i n f i n i t e . They can be  u s e d  
f o r  g raph i c  image devel opme n t , put t ing pau s e s  i n  prog rams , cont ro l l ing  
da t a  e n t r y , p e r f o rming c a l cu l a t i ons , e t c . You ' l l  f ind tha t a lmo s t  every  
p r o g r am you wr i t e  w i l l c o n t a i n  a t  l e a s t  one  FOR . . .  NEXT l oop . 

Le t ' s l ook a t  a d a t a  ent ry examp l e .  The f o l l owing p rogram s e gme nt  might  
be u s e d  i n  a game p rog ram in which you want t o  i nput  four  p l ay e r s ' name s , 
t he n r andomly  cho o s e  one o f  them a s  the  f i r s t  p l aye r i n  t he game . 

10 CLS : COLOR7 , 4 , 0 , 1 

20 l•J I NDOl>J50 

30 OUTPUT " PLAYER NAME " , 1 8 , 58 , 1 

35 F" O R I =0T03 ....._ <f f-� f,...( 
40 I NPUH.J$ ( I )  
50 NEXT 

50 F =RND C 1 H 4  

6 5  l.J I N DOl•a7 : CLS 

70 OUTPUTN$ C F l , 56 - LEN C N$ ( F ) ) /2S6 , 55 , 1 

80 OUTPUT " GOES F I RST " , 25 , 45 , 1 

90 A $ = I NSTR$ ( 1 ) : GOT0 1 0  

Th i s  p ro g ram t ak e s  i n  f o u r  name s w i t h in the  l oop and a s s igns  t hem t o  t h e  
va r i ab l e s  N $ ( 0 ) , N$ ( 1 ) , N $ ( 2 ) , a n d  N$ ( 3 ) . ( No t e  t h a t  you can  s t o re more 
t h an one data  va l u e  i n  one v a r i a b l e  name by us ing subsc r ip t s  t o  t he v a r i a b l e  
name . )  The p rogram then  t e l l s  t h e  compu t e r  t o  cho o s e  a numb e r be twe en 
0 and 3 t o  d e t e rmine  wh ich p l aye r goes f i r s t .  S t a t emen t s  on l in e s  6 0  t h rough 
80 a re not execu t e d  unt i l  a f t e r  l ooping comp l e t e s . 

FOR . . .  NEXT can b e  embedde d ,  o r  "nes t e d " , w i t h i n  o t h e r  FOR . • .  NEXT l oop s .  
Fo r examp l e , 

10 CLS 

20 C OLOR 1 , 0 , 6 , 7  

30 F O R  X = 40 TO 70 

40 F OR y = 6 0  TO 30 STEP - 1  

50 PLOT X , Y , 3  

G0 NEXT : NEXT 

No P t hat-.. t .be  s t a r t ing var . i. a b L C:�m c e d not  be The s t a  t ti ng va l u e  m e re l y 
ck-- · nc s wJJa t  thG  i n i h a l  va l u ' o the · b-' a t :Lon v a r i a b l e i s  t o  be . I n  
t h i s  c a s e , w e  wan t t o  s t a r t  our  p l o t  4 0  p ixe l s f rom t h e  l e f t  e dge  o f  t h e  
s c r e e n . The s t a r t ing v a r iab l e  c a n  be l e s s  than the  end ing v a r iab l e ,  a s  
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i l l us t r a t e d  i n  l ine  40 , f o r  "backwa r d s "  l oo p i ng . F o r  backwa r d s  L oop ing , 
you mu s t  u s e  the  STEP  o p t ' on vrith  a ne_ga t i vc va l ue L o  s p e c i fy negat ive inc re
men t a c L on o f  t h e  i te � a t i o n  v a r i ab l e .  Change l ine  40 t o  r e a d  

4 0  FOR Y = 60 TO 30 STEP - 2  

and r u n  t h e  p ro gram aga i n . Th i s  t ime , a s e t  o f  ve r t i c a l  s t r i p e s  wi l l  b e  
drawn on the  s cr e e n . 

The SJEB op t i on spec i f i e �  t h e  Lnc ementa t i on o f  t h e  i t e r. a t :i: on- va i ab b e .  
I f  STEP i s  n o  i n c l u d e d  o n  t h e  FOR s t a t emen t , y o u r  c omp u t e r  a s sume s you 
me an STEP 1 .  I f  you  add a d i f f e rent  incremen t a t i o n  va l ue i n  l ine  30 , 

30  FOR X 40 TO 70 STEP 2 

and run the  p ro gr am a n o t h e r  t ime , yo u ' l l  s e e  a p a t t e rn o f  d o t s  app e a r  on 
the  s c r e e n . 

In the  p re v i o u s  e x amp l e , b o t h  FOR . . •  NEXT l oo p s  conc l ud e d  a t  t h e  s ame p o i n t . 
Th i s  n e e d  n o t  b e  t h e  c a s e , howeve r .  You can  and w i l l  i n s e r t  o ther  s t a t eme n t s  
be twe e n  t h e  e n d  o f  a n e s t e d  ( o r  inne r ) l oop a n d  t h e  e n d  o f  an o u t e r  l oop . 
Th e f o l l owing p ro g r am i l l u s t r a t e s  a FOR . • .  NEXT l oop t h a t  cont a ins  two ne s t e d  
l oo p s . T h e  s e cond  n e s t e d  l oop i s  execu t e d  b e tween t h e  e n d  o f  t he f i r s t  
ne s t e d  l oop a n d  t h e  e n d  o f  the o u t e r  l oop . 

1 0  CLS : COLOR0 , 2 , 1 , 6 

20 FORN= 1 T 0 3  

3 0  I NPUT " NAME " ; N$ 

40 CLS : OUTPUTN$ , 5 6 - LEN C N$ ) /2 S6 , 45 , 3  

50 FORC= 1 T0 1 0  

60 COLOR0 , 2 , 6 , 1 

70 TONE76 , 2�:i 

80 COLOR0 , 2 , 1 , 6  

80 T ONE7 6 , 25 

1 0 0  NEXTC 

1 1 0 FORP = l T 0 1 5 0 : NEXTP 

120 CLS : ND\TN 

The o u t e r  l oop  i s  the  
the c o l o r  l oop ( C ) i s  
i t e r a t i on o f  t h e  d a t a  

d a t a  e n t ry l oop ( N ) . 
execu t e d , f o l l owe d by 
e n t ry l oop . 

When a s t r ing i s  e n t e re d , then 
a p au s e  l oop ( P ) , then the  next 

Inc l us i on o f  the i te ra t i on va r iab l e  on the  NEXT s t a t ement is c omp l e t e l y  
o p t i o na l . A s  y o u r  p rog rams incre a s e  i n  s i z e , y ou ' l l  f ind  t h a t  e l imina t ion 
o f  t h i s  e x t ra c h a ra c t e r  gains  you a coup l e  more b y t e s  of  RAM and he l p s  comp a c t  
t h e  p rogram . We ' ve inc l uded  them i n  t h e  p re v i o u s  e x amp l e s f o r  t h e  sake 
of l og i c  c l a r i ty . 

You can a l s o u s e  l oo p s  t o  comb ine s ounds o r  t one s i n  your  p ro grams . The 
next two examp l e s i l l u s t ra t e  how FOR . . .  NEXT l oop s can be  u s e d  t o  add amus ing 
sound  e f f e c t s  t o  a p rog ram execu t i on . 
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The f i r s t  p rogram p l o t s  a d o t t e d , d i agona l l ine down one s i de o f  the  s c re e n  
a n d  up the o the r .  As i t  p l o t s , t h e  computer  p roduces  t o n e s  that  s l i d e  
u p  and down t h e  s ca l e  in accompan imen t .  

1 0  CLS 

20 X= 1 0  

30 FORY=60T020STEP - 1  

40 PLOTX , Y , 2  

50 T ONE>< , Y 

55 :><:=X+ l 

60 NEXT 

65 Z=X 

70 FORY=20T060 

80 PLOTX , Y , 1 

90 TONEZ , Y  

100 X=X+ 1 

1 05 Z=Z - 1  

1 1 0 NEXT 

1 20 GOT 0 1 0  

Our s e c ond examp l e  c rea t e s  a s e r i e s  of  cont inuou s l y  chang ing s ounds f rom 
w i t h i n  two l oo p s , one of wh i ch i s  n e s t e d  in the o the r .  

1 0  CLS 

20 P R I NT " L I S TEN TO ME . . .  " 
30 F OR Y= 1 T O  4000 STEP 5 

35 FOR X=0 TO 7 

40 SOUND X , Y 

50 NEXT : NEXT 

Try i n c r e a s ing o r  d e c r e a s ing the  STEP parame t e r  in l ine  3 0  f o r  d i f f e re n t  
s e t s  o f  s ound e f f e c t s .  

The v a l ue o the i t� L a t ion  var i ab l e  c an be  
va l ue u s e d  a s  a c ond i t ion on whi ch t o  base  
NEVER change the- va l ue o f  the  i te r a t ion v 
compu � � r  c an get  hope l e s s J- y c onfu � e d .  

sensed  w i th i n  a l oop and i t s  
a p og ram l og i c  dec i s ion . Howeve r ,  
i ab l e  w i th i n  a L oop , o r  you 

As  an examp l e  of  s ens ing the va l ue o f  the i t era t i on var i ab l e , l e t ' s  s ay 
we want p a r t  o f  a p rogram t o  a l l ow entry o f  up to  s ix l in e s  o f  t ex t  f o r  
d i sp l ay e l s ewhere  i n  t h e  p rogram .  Howeve r ,  we want t he u s e r  t o  b e  ab l e  
t o  ent e r  f ewe r than s ix l in e s  a s  wel l .  You might  s e t  up such a p r o gram 
as  f o l l ows : 
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1 0  CLS : COLOR2 , 3 , 7 , 0  

20 OUTPUT " ENTER UP TO 6 " , 1 5 , 65 , 2  

30 OUTPUT " L I NE S  OF TEXT " , 1 8 , 57 , 2  

4 0  OUTPUT " STOP BY TYP I NG " , 1 5 , 45 , 2  

50 O U TPUT " END " , 47 , 37 , 3  

60 FOR I = 1T06 

70 I NP U T  T $ C I )  

80 I F  T$( I ) = " END " OR I = 6  THEN N= I - l : GOT0200 

90 N EX T I  

200 CLS 

205 F ORP= lTON 

2 1 0  PR HHT $ (  P )  

220 !'!EXT 

At the end o f  e ach l oop i t e r a t ion , your  comp u t e r  t e s t s  t o  s e e  i f  i t  wa s 
the  l a s t  i te ra t i on th rough the l oop o r  i f  the s t r i ng e n t e r e d  dur ing that  
i t e r a t i o n  is  "END " . I f  e i th e r  of  those  cond i t i o n s  is  met , l oo p i ng ends , 
and exec u t ion  o f  the  r e s t  o f  the p r og ram p roce e d s . 

In s eve r a l  o f  the p revious  examp l e s , we ' ve s t o r e d  va l ue s  in  sub s c r i p t e d  
v a r i ab l e s  ( e . g ,  N $ ( 0 ) , N$ ( 1 ) , T$ ( I ) ) . BAS I C  h a s  t en a u t omat i c a l l y d e f ined  
s l o t s  w i t h i n  any va r i ab l e  that  c an be  used  to  s t o r e da t a  a s s o c i a t e d  w i t h  
tha t v a r i a b l e .  The s e  s l o t s  f o rm wha t ' s  c a l l e d  an  a rray . A r r a y s  p rovide  
a conve n i ent  me thod  of  s t o r i ng data  that  is  r e l a t e d  i n  s ome way . Le t ' s  
l e ave FOR • . .  NEXT l oo p s  now and move on t o  a d i sc u s s ion  o f  a rrays  a nd t h e i r  
dimen s i on s . I f  y ou ' r e s t i l l confused  abou t u s ing FOR • • .  NEXT l oops i n  prog rams , 
review t h i s  s e c t i on aga in . But , because  l ooping  i s  s o  w i de l y  used  i n  program 
l og i c , y ou ' l l  s e e  p l e n t y  more examp l e s  that  i l l u s t r a t e  l ooping  in  c o n j unc t i on 
wi th o the r ope r a t i on s  a s  we go a l ong . 

Arrays Put t ing Data in I t s  Pl ace 

So  f a r , o u r  wa l k  through BAS IC  has f o c u s e d  on  the manipu l a t i o n  o f  i n f o rma t i on 
wh ich  i s  made o f  a s ing l e  p a r t . We ' ve s e e n  how t o  man i p u l a t e  numb e r s  by 
u s i ng t hem a s  c on s tan t s  o r  g i ving them va r i a b l e  name s .  We ' ve s een how we 
can man i p u l a t e  a group o f  l e t t e r s  by us ing i t  in a s t r i ng c on s t ant  o r  s t o r ing 
it in a s t r ing var i a b l e  name . 

Howeve r ,  d a t a  o f t en c on s i s t s  o f  i n f o rma t i on tha t i s  ma de up o f  seve r a l  par t s .  
In  every day t e rms , we c a l l  t h i s  i n f o rma t i o n  " l i s t s " .  We have l i s t s  o f  phone 
numbe r s , p a r t  n umbe r s , name s and addre s s e s  of f r i e n d s , e tc . In  BAS I C  we 
ca l l  t h e s e  l i s t s  d ime n s i oned a r r ay s .  We r e f e r  t o  a p a r t i c u l a r  d a t a  e l ement 
in  an a rr ay as a sub s c r ip t e d  va r i ab l e .  

As an examp l e , l e t ' s  sup� o s e  y ou want t o  w r i t e  a p rogram t o  keep  t rack o f  
y o u r  t o t a l f ami l y  e xp en s e s  ove r a twe l ve-mon t h  p e r i o d . O n e  app roach wou l d  
b e  t o  name 1 2  v a r i a b l e s  ( TE l , TE2 , TE3 , . • •  TE 1 2  -- one f o r  each month ) ,  and  
wo rk with  them i n d i v i dua l l y .  Howeve r ,  you wou l d  f ind tha t y o u r  p rogram 
wou l d  g row l arge and c umb e r s ome ve ry quick l y .  L e t ' s s ay we want t o  keep 
t rack of  the t o t a l  expense f o r  each mon th and d e t e rmine wha t  p e rcent age 
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e ach month i s  o f  t h e  g rand t o t a l . F i r s t ,  we ' d  de f ine 12 va r i ab l e s  t o  s tore 
the month l y  t o t a l s :  

1 0  TEl 
20 TE2 
30  TE3 

1 20 TE1 2  

849 
569 
7 23 

1 248 

Then , we ' d  have t o  c a l cu l a t e  the  year l y  t o t a l  ( YE ) .  

1 3 0  YE = TEl + TE2 + TE3 + • • •  + TE1 2  

And , t o  c a l cu l a t e  the  mon t h l y  p e rcentage  o f  t o t a l , we ' d  have t o  do  a separa te  
in s t ru c t ion  for  each c a l cu l a t ion : 

1 40 P l  
1 50 P 2  
1 60 P3 

260 P 1 2  

YE / TE1  
YE / TE 2  
YE / TE3 

YE / TE 1 2  

You can s e e  t h a t  t h i s  i s  a l ready s ta r t ing t o  g e t  c omp l i ca t e d .  We ' re generat ing 
l o t s  o f  va r i ab l e s , u s ing l o t s  o f  l in e s , and we ' ve on l y  done one ma j o r  operat i on .  
I n  l i n e s  1 40 t h rough 260 , the s ame o p e r a t ion i s  b e i ng pe r f o rmed o n  each 
mon th . S i nce many o p e r a t ions  in a p rog ram l ike t h i s  wou l d  c once ivab l y  
b e  the  s ame f o r  any g iven month , there  mu s t  b e  a b e t t e r  approach . 

And , there  i s .  F o r t una t e l y , i n  BAS I C  we hav(-_ t b e  c once p t  o f  a d imen s i oned 
a rray . A d imen s ioned  a r r ay l e t s  you work with t h i s  type of  d a t a  i n  c ompact  
BAS IC  s t a t ement s .  Th i s  s imp l i f i e s  the p rogramming t a sk and  a l s o r e duc e s  
the amoun t o f  RAM u s e d . 

Le t ' s  cons i d e r  i n s t e a d  a t o t a l  expen s e  
a s s o c i a t e d  v a l u e s --one f o r  each  month . 
l ike  t h i s  in  a p ro g raiT , you f i r s t  need  
be  a s s o c i a t e d  wi th that  v a r i ab l e  name . 
s t a t ement . F o r  examp l e , e n t e r  

20 D IM TE ( 1 2 )  

v a r i a b l e , c a l l ed TE , t h a t  h a s  1 2  
Whf�n working w i t h  a l i s t  o r  a r ray 

to t e l l  BAS I C  how many va l ue s  wi l l  
You do  t h i s  w i th t h e  D IM ( d imen s ion)  

Th i s  t e l l s  the  c omp u t e r  t t 8 t  1 2  s to rage s l o t s  a re to  be  r e s e rv e d  f o r  u s c  
b y  t h e  v� t· i a b l e  name d TE . I t  says  noth i ng about  the  c on t e n t s  o f  thf s l o t s . 
Tha t  i n f o rma t i on i s  spec i f i e d  l a t e r  on in the  p rogram . 

The DIM  s t a t emen t f o r  an a rray i s  execu t e d  o � l y  once  in  a p rog r am ,  u s ua l l y  
a t  the b e g inning . Nume r i c  and s t r ing a r ray s a r e  d imens i o n e d  i n  t h e  s ame 
way . You car c imen s ion  s evera l var i ab l e s  in one D IM s t a t crrH ! r t .  F o r  examp l e , 

2 5  DIM TE ( 1 2 ) , EC$ ( 6 ) , A( 50)  
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You  c an , o f  c o ur s e , u s e  separat e  D IM s t a t emen t s  i f  you  p r e f e r . 

I f  y o u  d o  n o t  d imen s ion  a v a r i ab l e  be fore  you  r e f e r ence i t , y ou ' l l f ind  
tha t BAS I C  a u t oma t i ca l l y r e s e rv e s  10  s l o t s  f o r  the  v a r i ab l e .  Two e xamp l e s  
o f  u s i ng a u t om<• t i ca l ly d imen s i oned  a rrays  were g iven i n  the  p re v i o u s  FOR . . .  NEXT 
l oop ing d i s cu s s i o n .  I n  p r a c t i c e , i t ' s  a good  i de a  t o  d imens i o n  a l l  var i ab l e s  
tha t y ou ' l l  b e  u s ing  a s  l i s t s  by e n t e r ing a DIM s t a t ement . I f  you  f o r g e t  
to  d imen s io n  an a rray a n d  t ry t o  re f e rence above t h e  l O th  sub s c r ip t , y ou ' l l  
ge t a " ? BS ERROR" ( b a d  s ub s c r i p t ) . 

I n  d imen s i on ing a r r ay s , b e  c a r e f u l  no t t o  spec i f y  mo r e  s to rage than you  
a c t ua l l y need , b e c a u s e  your c omput e r  can  quick l y  run  out  of  memory . The 
fo l l owing p rogram , f o r  examp l e , wi l l  re turn a " ?OM ERROR " i f  y o u  t ry t o  
execute  i t .  I t ' s  s imp l y  t o o  l arge f o r  your I n t e r a c t  t o  hand l e . 

1 0  DIM A ( l SOO ) 

20 PRINT "HELLO" 

To r e f e rence  a va l ue s t o r e d  in an a rra� ( an i t em on our l i s t ) , we u s e  t h e  
var i ab l e  n ame f o l l owed  by a s ub s c r i p t  in parenthe s e s . Go ing b ack t o  o u r  
fami l y  e xp e n s e  p rob l em ,  we ' ve d imen s ioned t h e  t o t a l  e x p e n s e  v a r i ab l e  i n t o  
12  s l o t s , o n e  f o r  e ach month , w i th t h e  s ta t ement 

20 DIM TE ( l 2 )  

I f  we wan t e d  t o  s e e  wha t  wa s s t o red  i n  the s l o t  f o r  Ap r i l ,  we ' d  c a l l t he 
TE var i ab l e  w i t h  the  4th  subsc r ip t : 

PRINT TE ( '4 )  

S ub sc r ip t s  can a l so b e  v a r i ab l e s . I n  p a r t i cu l a r , t hey a r e  o f t e n  the  s ame 
a s  the  i t e r a t i o n  var i ab l e  in a FOR . . .  NEXT l oop u s e d  t o  index t h r ough an 
a rray . The f o l l owing examp l e  compu t e s  the y e a r l y  t o t a l  by inc remen t ing 
the var i ab l e  YE ( year l y  expense ) by the va lue  of e ach month . YE i s  i n i t i a l i z e d  
a s  0 .  

290 YE=0 

300 FOR M=l TO 1 2  
3 1 0  YE=YE + T E (  1"1 ) 
320 NEXT 

330 P R I NT " YEARLY TOTAL " ; YE 

I f  we want e d  t o  p e r f o rm the  p e rcent  o f  t o t a l  c a l cu l a t ions  we d i d  e a r l i e r  
wi th s e p a r a t e  var i ab l e s , t h i s  p roce s s  cou l d  a l s o b e  done w i th i n  a l oop . 
An a r r ay t o  cont a i n  the percentage f igur e s  mus t  a l s o  b e  d imen s ione d . 

3 0  DIM P ( l 2 )  

-{ ., ,_,  
S e e  tflttt the  c a l c u l a t i on f rom a l oop i s  much s imp l e r  than u s i ng i nd iv i du a l 
s t a t emen t s  f o r  c a l cu l a t i on s . 
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500 F O R  M= 1 TO 1 2  

5 1 0  P ( M )  = YE/TEC M )  

520 NEXT 

Two-Dimens i onal Arrays 

Arrays can have more than one d imens ion . I n  f ami l i a r  t e rms , a two-d imens iona l 
a r r ay i s  a t ab l e  w i t h  r ows and c o l umns . Each p o s i t ion  in  the  t ab l e  can 
have an  a s s o c i a t e d  d a t a  va l ue . Extend ing our p r e v i o u s  examp l e , l e t ' s a s s ume 
we have f ive exp e n s e  c a t ego r i e s--food , hou s ing , a u t o , compu t e r s , and t o t a l  
exp e n s e-- f o r  e ach  month in  a twe lve-month p e r i o d . You c a n  s t ore  a l l  t h i s  
i n f o rma t i o n  unde r a s ing l e  var i ab l e  name in  a two-dimens ional  a r ray . You 
cou l d  d imens ion  t h i s  a r ray as f o l l ows : 

20 DIM TE ( 5 , 1 2 )  

We h ave n ow de f ined  TE a s  a t ab l e  that  h a s  5 rows ( one  f o r  e ach o f  the 
c a t e go r ie s )  and 1 2  c o l umns ( one for each  mon th ) . Our  cho i c e  of  rows ( the 
f i r s t  s ub s c r i p t  p o s i t i o n )  t o  represent  the c a t ego r i e s  and c o l umns ( the 
second  s ub s c r ip t  p o s i t i o n ) t o  r e p r e s e n t  the mon ths  i s  a rb i t ra ry .  The s t a t ement  

20 DIM TE ( 1 2 , 5 ) 

wou l d  have worked e qua l ly we l l .  Howeve r ,  a l l  subsequent  r e f e renc ing o f  
an a r r ay mu s t  b e  c o n s i s t en t  w i th how i t  i s  de f ined  i n  the  DIM  s t a t ement . 

The numb e r  s p ec i f i e d  i n  the  DIM s ta tement  i s  t he h ighe s t  s u b s c r i p t  tha t  
c a n  b e  u s e d  i n  r e f e renc ing tha t d imen s i on o f  the a r ray . The DIM s t a t ement 
actua l l y a l l oc a t e d  one more s l o t  than is ind i c a t e d  in the D IM a rgument . 
DIM A ( 1 2 )  r ea l ly a l l o c a t e d  ll s l o t s , A ( O )  t hrough A ( 1 2 ) . S imi l a r ly , i n  
two - d imens i on a l  a r ray s t h e r e  i s  a z e r o t h  row a n d  a z e ro t h  c o l umn . You 
can use the s e  z e r o t h  s l o t s  for s to r ing o th e r  d a t a  r e l a t e d  to the a r r ay , 
such a s  r ow and / o r  c o lumn t o t a l s .  

You c a n  c omp u t e  va l ue s  a s s oc i a t e d  w i th s l o t s  in  an  a r ray by u s i n g  o t h e r  
i n f o rma t i o n  s to r e d  in  the  a rray . In our  f ami l y  exp e n s e  p ro b l em ,  w e  cou l d  
comp u t e  the  t o t a l  exp e n s e  f o r  e ach mon t h  by a d ding t h e  va l u e s  i n  t h e  other  
four  c a t e go r i e s . We ' l l s t o r e  the  va l ue o b t a ined  in  the  5th  row , u s ing 
FOR . . .  NEXT l oo p s . 

10 D I M  TE ( 5 , 1 2 )  

600 F O R  M = 1 T O  1 2  

5 1 0  FOR R = 1 T O  4 

620 TE( 5 , M )  TE( 5 , M )  + TE < R , M )  

630 NEXT R 
640 NEXT M 

The s u b s c r i p t s  i n  a var i ab l e  r e f e rence s e l e c t  whi c h  d a t a  va l ue f r om the 
a r r ay i s  to b e  r e f e rence d . BAS I C  a lway s  i n t e rp r e t s  s ub s c r i p t s  as intege r & . 
Sub s c r i p t s  c annot  b e  n e g a t ive , and t hey mu s t  be  l e s s  than o r  equal  t o  the  
maximum sub s c r i p t  d e c l a red  f o r  that  d imen s i on i n  the  a s s o c i a t e d  DIM  s t a t ement . 
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The f o l l owing "Temp e r a t u r e  Tracke r" p rogram i l l us t ra t e s  u s ing a two-dimen s i ona l 
a r ray t o  c o l l ec t  da i l y  l ow and high t emp e r a t u r e s  f o r  s even day s , t h e n  c omp u t e s  
t h e  ave rage  l ow and ave rage h i gh tempe rature  f o r  that  week . 

1 0  D I M  T C 7 , 2 )  

20 CLS : COLOR 4 , 3 , 0 , 7  

3 0  OUTPUT" DA I LY TEI'1P . " ,  1 0 , 66 , 1 

40 O UTPUT " DAY LOW , H IGH " , 1 0 , 58 , 2  

50 �oJI NDOvJ 50 

55 REM - I NPUT DA I LY LOW AND HIGH 

60 FOR I = 1  TO 7 

70 P R I NT I ;  

80 I NPUT T C I , 1 ) , T ( I , 2 )  
90 NEXT 

95 REM - SUM THE LOWS AND H I GHS 

1 0 0  For� 1 = 1  TO 7 

1 1 5  FOR J= 1  TO 2 
1 20 T C 0 , J l =T C 0 , J ) +T < I , J )  

1 3 0  NEXT : NEXT 

1 3 5  REM- COMPUTE AVERAGES 

140 L OW=H 0 ,  1 ) /7 

150 H I GH=T C 0 , 2 ) /7 
155 REM- REPORT 

1 6 0  CLS 

1 70 P R I NT " AVG . L OW " : PRINTLOW 

180 P R I NT " AVG . H I  " : P R I NTH I GH 

1 9 0  PR INT 

H igher D imens ional Array s 

I n  BAS I C , an a r ray can  have a s  many a s  f ive d imen s i ons o r  subs c r ip t s .  When 
might you  usc a three-d imens i ona l a r ray?  Con s i d e r  the  imp l emen t a t i o n  o f  
a 3 -D Ti c-Tac-To c game . You might want t o  u s e  a n  a r ray d imen s i oned a s  f o l l ows : 

1 0  D IM A( 3 , 3 , 3 )  

t o  rep r e sent  a l l  twenty-seven c e l l s  in the game . The va l ue a s s o c i a t e d  w i t h  
any p a r t i c u l a r  c e l l in  t h e  game cube wou l d  indic a t e  i f  an  " X "  o r  " 0 " ( o r  
ne i the r ) had been  p l ac e d  in  that  c e l l .  

( ) ��#/ A 1 , 1 , 1 

A ( 2 , 1 , 2 )
---y;8/j/'/ 

A( 3 1 3 )  A-iiY� . .  
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A f our-dime n s iona l a r r ay might  be  u s e d  f o r  keep ing  t rack o f  do l l a r  s a l e s  
b y  p ro duc t , by  s t o r e , by  d e p a r tmen t , ove r t ime . 

A f i ve-d imens iona l a rray  might  be  used  
by  o f f ic e , by  s a l e sp e r s o n , ove r t ime . 
canno t r ea l i s t ic a l l y  be  v i sua l i z e d  f o r  
l im i t a t ions . 

Ent e ring D a t a  i n t o  Array s 

to  t ra ck s a l e s  by p ro duc t , by d i s t r ic t , 
Howeve r ,  an  app l i c a t i o n  t h a t  s i z e  
the I n t e ra c t  w i t h  i t s  c u r r e n t  memo ry 

Mo s t  p rograms t h a t  p ro c e s s  num e r i c  d a t a  in a rray s c o n t a i n  s ome mechan i sm 
f o r  e n t e r ing t h e  d a t a . I n  o u r  p revious  f ami l y  exp e n s e  p rob l em ,  i f  you  
used  t h e  PRINT c ommand  to  d i s p l y  va l u e s  s t o r e d  i n  t h e  a r r a y , a l l v a l ue s  
re t u rned  wou l d  b e  z e ro . Tha t ' s  b e c a u s e  we n e ve r e n t e re d  any  d a t a  va l u e s  
i n t o  t h e  a r r a y  f o r  t h e  p rogr am t o  wo rk wi t h . 

The mo s t  s t r a i gh t - f o rward approach  t o  d a t a  e n t ry i s  t o  a c c e p t  d a t a  the  
user  e n t e r s  f rom t h e  keyboard  i n  re spon s e  t o  I NPUT s t a t ement s .  Here  a r e 

s ome g u i de l in e s  a s  t o  how t h i s  c a n  b e  a c c omp l i sh e d  e f f ic i e n t l y  and  p a in l e s s l y . 

1 )  P romp t the  u s e r  a s  to  wha t  da t a  i s  b e i ng reque s t e d . You can  do 
t h i s by i n t e r l e av ing PRINT and INPUT m e s s a ge s , o r  by supp l y i ng 
t h e  p romp t i n f o rma t i on a s  a s t r i ng w i t h in t h e  INPUT s t a t emen t .  

2 )  Ask  f o r  t h e  d a t a  in  a l og i c a l orde r .  

3 )  Imme d ia t e l y  check t o  ve r i fy t h a t  the  d a t a  i s  r e a s on ab l e .  Unre a s onab l e  
d a t a  m i g h t  b e  a n e g a t ive va l ue o r  a n  exc e s s iv e l y  l a rge  va l ue .  
P r omp t f o r  the  d a t a  i t em a g a i n  i f  t h e r e  i s  any que s t i on a s  t o  i t s  
va l i d i ty . A l l ow the  u s e r  t o  r e en t e r p a r t  o f  the  d a t a  i f  he f inds  
an  e r ro r . 

4 )  A s k  o n l y  _f o r  d a t a  t h a t  t h e  p rog ram c an ' t  a s sume . F o r  examp l e , 
i f  you  h ave an  a r r ay w i t h  3 00 s l o t s  d e f i n e d  f o r  p r oduct  s a l e s  
i n f o rma t i o n , b u t  you  o n l y  have 3 5  p r o duc t s  w i th non-z e r o  s a l e s  
i n f o rma t i on , p r omp t ing f o r  a l l  300  va l ue s  c o n sume s ne e d l e s s  t ime 
and  e f f o r t . A l l ow e n t ry of the  non- z e r o  i n f o rma t ion  and  p ro duc t 
code  o n  t h e  s ame l ine , s epara t e d  by  a c omma , e . g . , P C , 59 5 . 

On t h e  next  page  i s  a p o r t ion  o f  a p rogram t h a t  a c c e p t s  f ami l y  a s s e t  i n f o rma t ion 
f o r  p ro c e s s ing . Each  a s s e t  c a t egory i s  s t o r e d  in a p o s i t i o n  o f  t h e  "A" 
array . On e x am i n ing  t h i s p rogram , you ' l l  f ind  t h a t  a WINDOW s t a t ement 
keeps the " ENTER ASSETS"  i n s t ru c t ions  v i s ib l e  at  a l l  t ime s .  Each  a s s e t  
c a t eg o ry i s  i den t i f i e d .  The INPUT s t a t emen t  i n  l in e  3 20 t ake s e a ch v a l ue 
and s t o r e s  i t  in  the  n e x t  ( Qt h )  po s i t i on o f  t h e  a r r ay A .  Whe n  t h e  l a s t  
a s s e t  h a s  b e e n  input , t h e  t o t a l i s  c omp u t e d  ( l i n e s  1 20-1 3 0 ) , and  t h e  u s e r  
i s  g iv e n  a chance  t o  ve r i fy t h a t  i t  i s  c o r re c t .  I f  "YES " , t h e  p rog ram 
wou l d  b e g i n  to p r o c e s s  the i n f o rma t ion , s t a r t ing  w i t h  l in e  500 . I f  "NO" , 
t h e n  a r e p e a t  va r i ab l e  "R" i s  s e t , and t h e  que s t i o n s  a re r e p e a t e d . Howeve r ,  
i n  the  r e p e a t  mode o f  t h i s  p rog ram , the  va l ue p r e v i ou s l y  e n t e r e d  f o r  e a ch 
a s s e t  i s  d i sp l ay e d  on t h e  s c re e n . I f  the va l u e  i s  c o r r e c t , s t r ik i ng t h e  
"CR"  key  w i l l  r e t a in t h a t  va l ue and move t o  t h e  next  i t e m .  I f  a c o r r e c t ion  
i s  r e qu i r e d , t h e  u s e r  c an s upp l y  the c o r re c t e d  va l ue and p r e s s  " CR" . 
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I n  o th e r  w o rd s , the  INPUT s ta t ement  wi l l  l e ave the  var i ab l e  una l t e r e d  i f  
no t h ing i s  typ e d  i n  a t  the  keyboard t o  change i t .  

1 0  D I M A ( 5 )  
20 CLS : C OLOR 0 , 3 , 7 , 7  

25 Q = 0  

27 T=0 
30 OUTPUT " ENTER ASSETS " , 1 0 , 66 , 1 
40 OUTPUT " I N $000 " , 1 0 , 60 , 1 

50 W I NDOW 54 

60 PR I NT " HOME VALUE " 
70 GOSUB 300 

80 P R tNT " AUTOS " 

90 GOSUB 300 

100 P R INT " STOCKS AND BONDS " 

1 1 0 GOSUB 300 

120 F OR J= l T O  3 

130 T = A ( J ) +T : NEXT 

1 40 PR I NT : PR I NT : PRINT " TOTAL " ; T  

is� PR I NT : PR I NT " CORRECT? " 

160 A$= I NSTRSC 1 )  

170 I F  AS= " Y "  GOTO 500 

180 I F  AS= " N "  G OTO 200 

190 G OTO 1 60 

200 R = l 

2 1 0  G OTO 20 

299 REM - INPUT AND STORE I N  

300 Q=Q+ 1 

3 1 0  I F  R= l THEN PRINT " ( t>JAS 

320 I NPUT A ( Q )  

330 P R I NT : RETURN 

500 END 

ARRAY 

$ " ; A C Q ) ; " ) "  

Ent e r ing s t r ing d a t a  w i t h  t he INPUT s t a t ement i s  e s s e n t i a l l y  t h e  s ame ope r a t i o n  
a s  e n t e r ing nume r ic d a t a , excep t that  the  d a t a  i s  s t o r e d  i n  a s t r ing v a r i ab l e .  
The r e  i s , howev e r , a p o t en t i a l  conf l i c t . S ince the  c omma ( , ) c an b e  u s e d  
a s  a de l imi t e r  t o  a l l ow e n t ry o f  mu l t ip l e  va l ue s  w i t h  a s ing l e  INPUT s t a t ement , 
a s t r ing t h a t  c o n t a i n s  a comma , such a s  "KENNEDY , JOHN " , mus t  b e  f l agged  
a s  a s t r ing conta ining a comma , rather  than  two s e p a ra t e  va l ue s . You do  
t h i s  by e n t e ring the  s t r i ng i n  quo t e s  in  r e spon s e  t o  the  INPUT p romp t . 
I f  the  s t r ing d a t a  con t a ins  no  comma s ,  no quo t e s  a r e  r e q u i r e d  t o  e n t e r  i t .  
Cons u l t the  Re f e rence  S e c t ion f o r  mo re  d e t a i l s  on INPUT d a t a  e n t ry . 

You can  a l s o l o a d  d a t a  into  a p rogram w i th a CLOAD*A s t a t ement , whe r e  A 
r e p r e s en t s a p reviou s l y  d imen s i oned a rray name . Your p rogram shou l d p ro v i d e  
a guide  through l oa d ing and p o s i t ion ing t h e  data  t ap e  p r i o r  t o  i s su ing t h e  
CLOAD*A s t a t emen t . T h e  p rog rams in  F inanc i a l  L i b ra ry I i l l u s t ra t e  how d a t a  
i s  p a s s e d  f rom one progr am t o  ano th e r  in  t h i s  f a s h i on .  A l s o s e e  t h e  CLOAD 
and POKE s ta tement s in the  R e f e rence S ec t ion  f o r  more  i n f o rma t ion  on p a s s ing 
d a t a  f r om p rog ram to p rogram .  

One f in a l  n o t e  about  a r r ay s . Both  the RUN command and CLEA s t a t ement  s e t  
a l l nume r i c  var i ab l e s  t o  z e ro and a l l  s t r ing v a r i ab l e s  t o  nu l l  o r  emp t . 
The re f o r e , t h e r e ' s  no n e e d  t o  in i t i a l i z e  arrays  t o  z e r o  a t  t h e  b e g i nn i ng 
o f  a p rogram .  S ave t h a t  RAM f o r  o the r , more imp o r t an t , p r oc e s s ing s t e p s . 
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P ick  a Numbe r  Be tween 1 and 100 • • .  

Chance  i s  an e l ement  o f  many comput e r  game s--the  c a r d  hand t ha t  y o u  draw 
in B l ack Jack , whe t h e r  o r  no t you  f umb l e  on any g iven p l ay i n  SUPERBOWL , 
or  t h e  r o l l  o f  t he d i c e  i n  Knockdown . To add  t h i s  e l emen t  o f  chance t o  
your  own BAS I C  p rogr ams , y o u  wi l l  need  t o  b e c ome f ami l i a r  w i t h  r andom numb e r  
gene r a t ion . T h e  RND func t i on in  the  BAS I C  l anguage p rovi d e s  t h e  f ac i l i ty 
f o r  a dd ing t h i s  c h ance f a c t o r  t o  your game s and d i s p l ay s . 

Wha t ' s  a r andom numb e r  genera t o r , anywa y ?  You can t h ink o f  i t  a s  a l i t t l e 
machine  t h a t  s i t s  i n  your  comput e r  and s p i t s  o u t  a random numb e r  e ach t ime 
i t ' s  c a l l e d . The  numb e r  i t  r e t urns a lway s h a s  a v a l ue b e tween 0 . 0  and 
1 . 0 .  The l ike l i h o o d  t h a t  a r e t u rned numb e r  w i l l  be w i t h i n  a s p e c i f i e d  
int e rv a l ( s ay , b e tween . 3 0 and . 50 )  i s  p ropo r t i ona l t o  t h e  l ength  o f  t h e  
i n t e rva l . That  i s ,  about  20% o f  t h e  numb e r s  r e turned  wou l d  b e  wi t h i n  t h e  
. 3 0 - . 50 i n t e rva l . I f  y o u  t ake the e n t i r e  po s s i b l e  i n t e rva l o f  0 . 0  t o  
1 . 0 ,  h a l f  t he numb e r s  r e turned w i l l  be  l e s s  t h a n  . 50 ,  2 5% o f  t h e  numb e r s  
wi l l  b e  l e s s  t han . 2 5 o r  grea t e r  t han . 7 5 ,  1 0% wi l l  b e  b e tween . 90 and 
1 . 0 .  Of c o u r s e , f o r  t h e s e  r a t i o s  to b e  t rue , l arge  quant i t i e s  o f  random 
numb e r s  mus t  b e  " d r awn f rom a h a t . "  To  s ee a l i s t  of random numb e r s  d i sp L aye d 
on y o u r  TV s c r e e n , RUN t h e  f o l l owing p rogram :  

1 0  F O R  I = 1  T O  8 

20 P R I NT RND C 1 )  

30 NEXT 

In u s i ng t h e  r andom numb e r  gene ra t o r , y ou c an ' t p r e d i c t  wha t  p a r t icu l a r  
va lue  you ' l l  d r aw nex � . You can o n l y  a s s i gn a p robab i l i ty o r  l ike l ihood  
tha t t h e  numb e r  d r awn w i l l  l i e wi t h in a c e r t a in i n t e rva l . To t e s t  t he 
random numb e r  gene r a t or , l e t ' s  d raw 1 , 000 random numb e r s  and c ount how 
many a r e  l ar g e r  t han . 50 and h ow many a r e  sma l l e r  t han . 50 .  I f  t h e  numb e r s  
a r e  uni f o rm l y  d i s t r ibut e d  ove r t he i n t e rva l ,  t h e n  y o u  shou l d  s ee approxima t e l y  
500 numb e r s  in  e ac h  c a t egory . I f  you run t h e  f o l l owing p ro g ram s ev e r a l 
t ime s , y ou ' l l  s e e  d i f f e re n t  coun t s ,  but  a l l w i l l  h o v e r  about  t h e  500 ma rk . 

10 CLS 

20 P R I NT " RANDOM NUMBER " 

30 P R I NT " GENERATOR AT 

40 P R I NT " WORK . . .  " 

50 P R I NT 

60 FOR N = 1  TO 1 000 

70 R = RND( l )  

80 I F  R > . 50 THEN H=H+l 

30 lF R< . 50 THEN L=L+ 1 

1 00 N E X T  

1 10 P R I NT " ABOUE . 5  = " ; H  

1 20 P R I NT " BELOW . 5 = " ; L  

130 P R I NT 

The more  numb e r s  y o u  d r aw , the  b e t t e r  the  50% ru l e  wi l l  ho l d .  
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Now , l e t ' s  c o n s i d e r  a subrou t ine t h a t  wi l l  r e turn  a r andom numbe r ,  R ,  t h a t  
h a s  a v a l ue b e tween 1 a n d  6 ,  w i t h  e qua l p robab i l i ty o f  any numb e r  in t h a t  
range  b e ing  d rawn , a s  wou l d  be  the  c a s e  w i th t h e  t hrow o f  a s ing l e  d i e . 
The s ub r o u t ine  wi l l  u s e  the RND func t ion and then  app l y  an a r i t hme t i c  expre s s i on 
to s p r e a d  the  numb e r  in an i n t e rval  o f  0 . 0  t o  6 . 999 , then  e x t r a c t  t h e  i n t e g e r 
part  o f  t h e  numb e r  c ompu t e d . Th i s  can be  done w i t h  t h e  s ing l e  l ine  

50 R = INT( 6 * RND( 1 ) )  + l : RETURN 

You m i g h t  p u t  t h i s  subroutine  i n  a p rogram that  s imu l a t e s  8 t h r ows o f  the  
d i e , such  as  

1 0  CLS 

30 FOR 1= 1 T O  8 

40 GOSUB 50 

42 PRI NTR 

45 NEXT 

46 END 
50 R = I N T C 6•RND C 1 l l + l : RETUR� 

To d r aw a numb e r  be twe en  0 and 3 ,  c hange l ine 50 t o . r e a d  

50 R = INT ( 3  * RND ( l ) )  + ! : RETURN 

You have  t o  a d d  1 t o  the  random numb e r  re t u rned  in the  s t a temen t  above , 
o r  the  numb e r  3 wi l l  r a r e l y  b e  r e t u rne d .  I n  drawing a r andom numb e r  i n  
t h e  range  0 . 0  t o  1 . 0 ,  t h e r e  i s  o n l y  a very sma l l  p robab i l i ty t h a t t h e  numb e r  
1 . 0  w i l l  b e  re t u rne d . There f o re , you mu s t  e i th e r  a d d  1 t o  t h e  random va l ue 
re t u r ne d , o r  i n c r e a s e  t h e  r ange s p e c i f i e d . You c ou l d  a l so c hange l ine  50 
t o  r e a d  

5 0  R = INT ( 4  * RND ( l ) ) : RETURN 

to d raw a numb e r  b e twe en  1 and 3 .  The l ike l ihood  that  a v a l u e  o f  4 . 0  wi l l  
be re turned  i s  m i n i s cu l e .  

Th e a rgument  ( 1 )  f o l l owing the  RND ca l l  s imp l y  t e l l s  t h e  c ompu t e r  t o  d r aw 
the "ne x t " random numbe r .  A c t ua l l y ,  any po s i t ive va l ue c an b e  u s e d  a s  t h e  
a rgume n t  i n  t h i s c a l l w i thou t a f f e c t ing t h e  s equence o f  random numb e r s  t ha t  
wi l l  b e  r e t urne d .  

How r andom a r e  the  random numb e r s ? W e l l ,  a c t ua l l y the  I n t e r a c t  h a s  what ' s  
ca l l e d  a " p s eudo- r andom numb e r  genera t o r " . The r andom v a l u e s  a rc compu t e d , 
and the  numb e r  genera t o r  p roduce s  the  s ame s equence f rom the  t ime t h e  c omp u t e r  
i s  t u rned  on , e ach t ime i t ' s  t urned on . You can , howe ve r ,  random i z e  t h e  
gene ra t o r  s t a r t ing p o i n t  ( o r  " s e e d " ) i n  the s e r i e s  by  c a l l ing t h e  RND f un c t i on 
wi t h  a nega t ive a rgument to  s e t  the  s e e d . Wh i l e  there are s ev e r a l  way s 
to  ini t i a l i z e  t h i s  s e e d  random l y , t h e  e a s i e s t  way i s  t o  p a s s  t h e  nega t ive  
va l u e  of  the  c ompu t e r ' s  c l ock t o  the  subrout ine . To do  t h i s , use  a s t at emen t  
such a s  

3 0  J RND ( -PEEK( 24559 ) )  
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Th i s  s t a t ement s e t s  the  in i t i a l  s e e d  f o r  random numb e r  gene rat ion  t o  t h e  
p o i n t  i n  t h e  numb e r  s e quence  t h a t  i s  e qua l t o  t h e  v a l u e  o f  the  c l ock . 
Th i s  v a l ue w i l l  b e  d i f f e rent  each  t ime the  p rogram i n  executed . A s ta t ement  
o f  t h i s  type  shou l d  only  be  executed  once at  the  b e g inn ing o f  your p ro g ram , 
and the  r e t u rned  v a r i ab l e , J ,  h a s  no p a r t i cu l ar mean ing o u t s ide  the  i n i t i a l 
i za t i on ca l l ,  n o r  wou l d  i t  norma l l y b e  u s e d  e l s ewh e r e  i n  the  p rogram .  

Wan t t o  d r aw a hand f rom a deck o f  c a rd s ?  I f  y o u  want t o  a l l ow repe a t e d  
draws f rom t h e  " d e ck"  dur ing game p l ay , s e t  u p  an  a rray i n  memo ry that  
ha s 5 2  l oc a t ions . The p o s i t ion of  any  e l eme n t  i n  t h e  a rray i s  a s s o c i a t e d  
wi t h  t h e  s u i t  and v a l u e  o f  t h e  c a rd . The v a l ue in  t h e  a rray wi l l  b e  0 
i f  t h e  c a r d  h a s  b e en d rawn b e f o re . As  more o f  the  deck  i s  p l ayed ,  you 
no t e  t h a t  the progr am runs more s l owl y .  I t  h a s  t o  p e r fo rm the  c a rd s e l e c t i on 
s e quence  in  l in e s  1 00-1 2 0  nume rous  t ime s t o  f in d  a c a r d  tha t h a s  n o t  a l re ady 
been  d rawn .  

1 0  REM - DRAl-11 A CARD 

20 CLS : COLOR 4 , 3 , 0 , 7  

30 D II'1 C (  52 ) 

35 FOR I = l  TO 5Z : C C I ) = 1 : NEXT 
40 OUT�UT " H I T  ANY KEY " , 1 0 , 66 , 1 

50 OUTPUT " TO GET NEXT " , 1 0 , 60 , 1 

60 O UTPUT " CARD . . .  " , 1 0 , 54 , 1 

70 W I NDOW 48 

80 A$=INSTR$ ( 1 ) : NC=NC+ 1 
90 I FNC=53THEN P R I NT " OUT OF CARDS " : P R I NT : END 

100 R= I N T C RND C 1 ) *52 ) + 1  

1 1 0 I F  C C R ) =0 GOTO 100 

120 C C R ) = 0  

130 S$= " CLUBS " 

140 I F  R > 1 3  AND R< Z7 THEN SS= " SPADES " : GOTO 1 7 0  

1 5 0  I � R >Z6 AND R< 4 0  THEN S$= " D I A MONDS " : GOTO 170 
160 I F  R >39 T HEN S$= " HEARTS " 

170 F OR I = 1  T O  1 4  

1B0 I F  R< 1 4  GOTO 200 

190 R=R - 1 3 : NEXT 

200 �)$=STR$ C R ) 
2 1 0  I F  R= 1 THEN V$= " ACE " : GOTO 250 

220 IF R= 1 1  THEN V $ = " JACK " : GOTO 250 
230 IF R= 1 2  T HEN U$= " 0UEEN " : GOTO 25e 

240 IF R= 1 3  THEN U $= " K I NG " 

250 PRINTU$ ; "  " ; S$ 

260 GOTO 80 
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To conc l u d e  o u r  d i s c u s s ion  o f  random numb e r  gene r a t ion , l e t ' s  l ook a t  a 
c l a s s i c a l  p rob l em i n  p robab i l i t y  theo ry c a l l e d  the " random wa l k" . Imagi n e  
tha t a d runk h a s  b e en p l a c e d  i n  t h e  exac t c en t e r  o f  a s quare  f ie l d  t h a t  
is  boun d e d  by b a r s  on a l l  s i de s .  I n  the i rr a t iona l i ty  o f  h i s  d runk e n  s t up o r , 
our drunk t h inks  t h a t  he  n e e d s  y e t  anothe r d r ink , s o  he  a t t emp t s  t o  make 
his way o u t  o f  the  f i e l d  and b ack to one of the  ba r s . He  doe s t h i s  by  t ak�ng 
random , s tumb l i ng s t e p s  in  each of the  four d i r e c t ions . Tha t  i s , on  a ny 
g i ve n s t ep , h e  i s  j u s t  a s  l ike l y  t o  wa lk f o rwa rd  a s  backwa r d , t o  the r ight  
as  t o  the  l e f t . The que s t i o n  i s ,  i f  the s i z e  o f  the  f i e l d  is  known in  numb e r  
o f  s t ep s , wha t ' s  t h e  average  numb e r  o f  s t ep s  i t  wi l l  t ake  f o r  t h e  d runk 
to r e a c h  one  o f  t he b a r s ?  

W e  c an s o l ve t h i s  p rob l em by s imu l a t ing the  wa l k  on the  I n t e r a c t  and d i sp l ay ing 
the  numbe r  o f  s t ep s  t h e  d runk t ak e s  e ach t ime we run t h e  p rogram .  In th i s  
examp l e , we ' ve p l a c e d  the  d runk i n  the  midd l e  o f  a 40x40 s qu a r e  f i e l d .  
The l i s t ing o f  the p rogram that  s imu l at e s  t h i s wa l k  i s  g iven be l ow .  I t  
i l l u s t r a t e s  n o t  o n l y  t h e  u s e  o f  r andom numb e r s , b u t  a l s o t h e  POINT a n d  O N  . . .  GOSUB 
e l emen t s  o f  the  BAS IC  l anguage . 

1 0  REM- RANDOM WALK 

20 CLS : COLOR 0 , 7 , 4 , 3  
30 PLOT 20 , 20 . 1 , 4 0 , 40 
40 C=0 : X=40 : Y=40 

5 0  GOSUB 90 

60 GOSUB 1 50 

70 GOTO 50 

80 REM - PLOTS P O I NT 

90 I F  P O I NT ( X , Y l =0 GOTO 1 1 0 
100 PLOT X , Y , 2 : PLOTX , Y , 3 : C=C+ 1 : RETU R N  

1 1 0  OUTPUT C , 70 , 50 , 3  

120 OUTPUT " STEPS " , 70 , 44 , 3  

1 30 F O R  0= 1 TO 999 : NEXT : TONE 50 , 50 : RUN 

1 40 REM- TAKE A STEP 

1 5 0  R= I NT ( 4SRND C 1 l l + 1  

1 6 0  ON R GOSUB 1 80 , 1 90 , 200 , 2 1 0  

1 7 0  RETURN 

180 X=X+ 1 : RETURN 
1 90 X=X - 1 : RETURN 

200 Y=Y+ l : RETURN 

2 1 0  Y=Y - 1 : RETURN 

As an e x e rc i s e , t ry a dd ing l in e s  o f  code  that  wi l l  e x e c u t e  t h i s  prog ram 
r ep e a t e d l y  and s t ore  the  numb e r  o f  s t eps  t aken on  each execu t i o n  in  a running , 
mov ing average . 

S e e  the RND f un c t ion i n  the Re f erence  S e c t ion f o r  more inf o rma t i on on random 
numbe r  g e n e ra t i o n .  There  a r e  a l s o  nume rou s o t h e r  examp l e s  i n  t h i s  manu a l  
t h a t  u s e  t h e  RND f unc t i on t o  g ene r a t e  random v a l u e s  f o r  a var i e ty o f  p urpo s e s .  
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GRAPHICALLY S PEAKING 

The o l d  adage  "A p i c t u r e  i s  wo r th a thou sand wo r d s "  r ings  p a r t i cu l a r ly 
t rue  f o r  t h e  I n t e rac t . D e s p i t e  i t s  s c reen  r e s o l u t ion , your  I n t e r a c t  i s  
capab l e  o f  p roduc ing graph ic  d i sp l ay s  that  a r e  v i sua l l y da z z l ing . You ' l l  
f ind  that  g raphi c s  add  ano the r d imen s i on t o  your  BAS I C  p r o g r ams , making 
them amus ing and e n t e r t a i n ing to exec u t e . V i r t ua l l y a l l  t h e  e f f e c t s  i n 
the v a r ious  game p rograms can  be  adap t e d  f o r  u s e  in your  own p rograms and 
game s wr i t t en i n  BAS I C .  Wh i l e  s ome e f f e c t s  are n a t u r a l ly more d i f f i cu l t  
to imp l ement t han o t h e r s , you ' l l  f ind that  the  g raph i c s  capabi l i t ie s  o f  
your  I n t e r a c t  p ro v i d e  one  o f  the  be s t  ways t o  sharpen  y o u r  p rogramming 
and a r t i s t ic ski l l s . E f f e c t ive use of  the  g raph i c s  d i s p l ay mak e s  any p rogram 
you w r i t e  mo r e  i n t e re s t ing . L e t ' s  t ake a l ook a t  the  f e a t u r e s  ava i l ab l e  
and how you c an u s e  them . 

The S c r e e n  

A s  we p r e v i ou s l y  d i s c u s s e d , your  TV s c r e en c a n  b e  a dd re s s e d  a s  a ma t r ix 
o f  p i c t u re c e l l s  ( " p i xe l s " ) .  Your  TV s c reen , whe t h e r i t  i s  a 1 3 - inch o r  
4- f o o t  l arge  s c re e n , h a s  7 7  r ows and 1 1 2  c o l umn s . Each  p o in t  o n  t h e  s c r een  
can b e  a d dr e s s e d  a s  an ( x , y )  c o o r d in a t e  pair  of  t h i s  mat r ix , whe r e  x v a r i e s  
f rom 1 t o  1 1 2  a n d  y va r i e s  f rom 1 t o  7 7 .  

• ( 1 , 7 7 )  ( 1 1 2 , 7 7 )  • 

( x , y )  

• ( 1 , 1 )  ( 1 1 2 , 1 )  • 

---- · lj 

The o r ig i n  o f  the  s c r e e n  i s  a t  the  l owe r l e f t  corne r , and c an b e  t hought 
of as l oc a t i on ( 0 , 0 ) , a l though that  p o in t  c an ' t  be  s e e n  on  mo s t  TV sc reens . 
The s c anning , o r  p l ac emen t ,  o f  the ma t r ix on the  s c r e e n  c a n  v a ry f rom TV 
to TV . T h e r e f o r e , we  r e commend that  you avo i d  put t ing g ra p h i c  image s o r  
t e x t  t o o  c l o s e  t o  the  s c r e en e dge s .  Image s t o o  c l o s e  t o  any e dge can  appear 
to  b e  " chopp e d  o f f "  on s ome TV s c re en s . 

Each p ixe l a lways  d i s p l ay s  a s ingl e c o l o r .  The p ixe l s  a r e  app r o x ima t e l y  
square , b u t  they  a r e  s l i gh t l y  t a l l e r  than they  a re w i de . P ixe l c o l o r s  
a r e  c o n t ro l l e d  b y  t h e  c o l o r  s e t  chosen  w i t h  t h e  c u r r e n t  s e t t ing o f  the 
COLOR comman d  and r e f e r e n c e s  t o  t he c o l o r  s e t  f rom v a r i ou s  PLOT , OUTPUT ,  
and s ome POKE c ommand s . 

S c r e en Co l o r s  

We a l s o know f r om o u r  p re v i ou s  d i scus s i ons , t h a t  e ight c o l o r s  a r e  ava i l ab l e  
f o r  g r aph i c  d i sp l ay . On l y  f o u r  c o l o r s  c a n  b e  in  u s e  on t h e  s c re en a t  any 
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one t ime .  You d e f ine  the  c o l o r  s e t  you want to  u s e  w i th the f o u r  p o s i t i o n s  
on the  COLOR c ommand . S e e  t h e  S c r e e n  Con t r o l  s e c t i on o f  the  p re v i ou s  chap t e r  
f o r  a l i s t  o f  the  ava i l ab l e  c o l o r s  and more de f in i t i on o f  the  c o l o r  s e t .  

The s t a t ement  

COLOR 0 , 7 , 1 , 4 

de f in e s  a c o l o r  s e t  i n  wh ich b l ack i s  the  backg round c o l o r ,  and r e d , wh i te , 
and b l ue a r e  the  c o l o r s  t h a t  c an be  u s e d  f o r  d i sp l ay aga i n s t  t h e  b l ack background . 
Th i s  c o l o r  s e t  m ight be  u s e d  f o r  d rawi ng t h e  Ame r ican F l ag ,  f o r  examp l e .  

Th e COLOR s t a t ement  chang e s  t h e  co l o r  set  and the r e f o re the  c o l o r s  a s so c i a t e d  
w i t h  any p a t t e rn o r  me s sage t h a t  i s  o n  t h e  s c reen  a t  t h e  t ime the  COLOR 
s t a t ement i s  execu t e d . Wh i l e t h i s  can be  u s e d  t o  h e i gh t en  the  v i su a l  imp a c t  
o f  a d i sp l ay w i t h  b l i nk i ng , f l a sh i ng , or  co l o r r o l l s ,  i t ' s  n o t  a lway s  the  
mo s t  v i s ua l l y e f f e c t ive . For  tha t r e a s on , y ou f re quen t ly c l e a r  the  s c re e n  
1v i th t h e  CLS s t a t ement b e f o re chang ing the  c o l o r  s e t . 

To u s e  c o l o r s  e f fe c t i v e l y  in  a p rog ram , you  shou l d  f i r s t  make c e r t a in the  
co l o r con t ro l s  on your  TV  set  are  accura t e l y  s e t . You can use  t h e  Co l or 
Te s t  o n  t h e  1 6K D i agno s t i c Tape t o  a d j u s t  the  c o l o r s , o r ,  b e t t e r  y e t , u s c  
th i s  s imp l e  BAS I C  p ro g ram . I t  d i sp l ay s  f our  bands o f  c o l o r on the  s c re en : 
b l ue , r e d , g re e n , ye l l ow ( f rom t op t o  bo t t om) . Th i s  p rogram u s e s  M i c ro s o f t 
8K BAS I C  e x t ended  PLOT pa rame t e r s  t o  d raw the c o l o r  bands q u i ck l y .  I f  y ou 
have o n l y  Leve l I I  BAS I C , you  can a dap t t h i s  p rog ram by put t ing  the  s t a t ement s  
i n  l i nes  40 , 6 0 , and 8 0  i n t o  FOR . . .  NEXT l oops  t o  d raw the  co l o r  band s . 

1 0  R E M - T V  COLOR ADJUST PROGRAM 

20 C L S : COLOR 4 , 1 , 2 , 3  

30 OUTPUT " BL UE " , 1 0 , 60 , 3  

40 PLOT 1 , 35 , 1 , 1 1 2 , 1 8  

5 0  OUTPUT " RED " , 1 0 , 45 , 3 

50 PLOT 1 , 1 8 , 2 , 1 1 2 , 1 8  

70 OUTPUT " GREEN " , 1 0 , 27 , 3  

80 P LO T  1 , 1 , 3 , 1 1 2 , 1 8  

90 OU TPUT " YELLOW " , 1 0 , 1 4 , 0  

1 0 0  A$= I NSTR$ ( 1 )  

When the  COLOR s t a t ement i s  execu t e d , a p o t en t i a l l y un f o r t un a t e  s i de e f f e c t  
o c c u r s--the t a p e  mo t o r  i s  a lway s t u rned o f f . Wh i l e  t h i s  won ' t a f f e c t  mo s t  
o f  your  p rogramming , i t  may b e  l im i t ing when y ou wi sh t o  run a p rogram w i t h  
COLOR chang e s  t h a t  a l s o keeps  the tape  mo t o r  o n  to  pe rmi t a mu s i c t ap e  t o  
b e  p l ay e d  t h rough t h e  TV speake r .  Techn ica l l y ,  t h i s  happens b e c a u s e  a co l o r  
re g i s t e r  and  a t ape  mo t o r  c on t r o l  b i t  share t h e  s ame by t e  in  memo ry . You 
can , howev e r ,  c o n t ro l the  co l o r  and tape mo t o r  s imu l t aneous l y  by  u s ing POKE 
commands  t o  s e t  the  c o l o r  r eg i s t e r s  w i t h  t h e  d e s i re d  c o l o r a n d  t ape  mo t o r  
con t ro l i n f orma t i on .  
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L e t ' s  a s sume t h a t  we s e t  t h e  f ou r  COLOR p arame t e r s  ( CO ,  C 1 , C 2 , C3 ) a s  
in  the  p revious  p ro gram and d e f ine  a va r i ab l e , M ,  t h a t  i s  s e t  t o  a value  
o f  1 i f  the  t ap e  mo t o r  is  t o  be  t urned  o n , 0 i f  it  i s  t o  b e  turned o f f . 
The f o l l ow i ng s ub ro u t ine  w i l l  s e t  t h e  c o l o r s  and t ap e  mo t o r  c on t r o l  a s  
des i r e d : 

100 T 1 =64*M+B*C2+C0 

1 1 0 T 2=8•C3+C 1 

1 20 POKE 4096 , T 1 

130 P OKE G l 44 , T2 

1 40 R ETURN 

Th i s  s ubrou t ine  c omb ines  the va r i ab l e s  i n  two a r i t hme t i c  exp re s s i o n s  and  
s t o r e s  the  r e su l t s  i n  two  v a r i ab l e s , T 1  and T 2 . Tho s e  va l u e s  a r e  then  
s t o r e d  i n  t he two  c o l o r  r eg i s t e r  l oc a t i o n s  a t  4096  and 6 1 44 with  t he POKE 
s t a t ement s .  

U s ing t h i s  s ub r o u t ine  in  a p rogram w i t h  the  t ap e  m o t o r  t u rn e d  on ( M=l ) 
i s  s t r a i gh t f o rwa r d . I f  you execute  the  f o l l owing  p rogram , you ' l l s ee 
the wo r d  HELLO c o n t i nuou s l y  change co l or on  t h e  s c r e e n  w'i th  the  t ape  mo t o r  
turned  o n . Y o u  c an p u t  i n  a mu s i c  c a s s e t t e  dur i ng execu t i o n  o f  t h i s  p rogram 
and p l ay mu s ic t h ro ugh the  TV sp eake r .  

5 POKE 1 92 1 5 , 25 

1 0  CLS : M="' l  

20 C0=0 : C 1 = 1 : C2=3 : C3=7 

30 GOSUB 1 0 0  

4 0  OUTPUT " HELLO " ,  40 , 50 , 1 

50 FOR C 1 = 1  TO 7 

60 GOSUB 1 00 

7� FOR 0= 1 TO 500 : NEXT 

80 NEXT 
80 GOTO 50 

1 00 T 1 =64•M+B•C2+C0 

1 1 0  TZ=B•C3+C 1 

120 P OKE 4096 , T 1 

1 3 0  POKE 6 1 44 , T2 

140 RETURN 

Good  Co l o r  Comb in a t i on s  

The cho i c e  o f  the  co l o r s  you  u s e  i n  your  p rogram i s ,  o f  cour s e , s t r ic t l y  
up t o  you . H oweve r ,  t he r e  a r e  s ome comb i na t i o n s  o f  c o l o r s  wh ich  a re much 
be t t e r  t han o th e r s . S ome o f  o u r  recommenda t i o n s  f o r  c o l o r  s e l e c t ion a re 
a s  f o l l ows : 

1 )  B l ack backgrounds  ( CO=O ) a r e  very e f f e c t ive  and a l l ow max imum 
f l ex ib i l i t y  i n  the  choice  o f  the  f o r eground  c o l o r s . I n  a dd i t ion , 
b l ack p roduces  l e s s  " s t a t ic n o i s e "  on  s ome TV s c r e ens  than  o t h e r  
c o l o r s . I t  a l s o reduc e s  t he v i s ib i l i t y  o f  "he r r i ngbo n e "  o r  " c l ock 
l in e s "  t h a t  may appear  on  the  s c r e e n  i f  y o u r  I n t e ra c t  n e e d s  s ome 
t iming a d j u s tmen t s .  
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2 )  Avo i d  r e d  l e t t e r ing on  b l ue b ackgrounds or  v ic e -ve r s e . Red  and  
b l ue a d j acent  p ixe l s  t end to  b l ee d  into  e ach o th e r , making  t h e  
r e su l t  d i f f i cu l t  t o  read . Thi s  i s  a l s o t rue o f  r e d / green  c omb in a t i o n s . 

3 )  B l ack o r  whi t e  l e t t e r ing on any background c o l o r  i s  e f f ec t i v e . 

When deve l op ing  your  g r aphi c s  p rograms , exp e r imen t  w i th d i f f e r e n t  c o l o r  
comb in a t i o n s . T o  g e t  a f e e l  f o r  the  c o l o r comb in a t i o n  e f f ec t s w i t h  y o u r  
TV and I nt er a c t , e n t e r  a n d  RUN the  f o l l owing M i c ro s o f t  8K BAS I C  p ro g r am .  

10 CLS : COLOR 0 , 1 , 3 , 7  

20 PLOT 20 , 20 , 1 , 90 , 30 

30 PLOT 40 , 30 , 2 , 50 , 1 2  

4 0  PLOT 1 , 62 . 3 , 1 1 2 , 1 3  
5 0  OUTPUT " HELL0 " , 50 , 68 , 1 

60 O UTPUT " M ICR0 " , 50 , 52 , 2  
70 OUTPUT " U I DE0 " , 50 , 32 , 3  

80 W I ND OW 1 8  

Whe n  y o u  s e e  t h e  "OK" p romp t , e n t e r  s ome d i f ferent  COLOR c ommands  i n  d i r e c t  
mode t o  s e e  t h e  e f f e c t  o f  d i f f erent  c omb i n a t ions  o f  l e t t e ring  o n  v a r i o u s  
co l o re d  b a ckground s .  S ome examp l e s  you might t ry are : 

COLOR 7 , 3 , 4 , 2  
COLOR 5 , 6 , 0 , 7  
COLOR 1 , 2 , 4 , 6  

L e a r n  t o  c h o o s e  e f f e c t ive c o l o r  comb ina t i on s --tha t ' s  a n  imp o r t an t  p a r t  o f  
u s i n g  y o u r  I n t e ract ' s  g raphi c s  c apab i l i t ie s ! A p o o r  c o l o r  c omb in a t i o n  c a n  
de s tr oy t h e  v i s u a l  e f f e c t  o f  even the  mo s t  spec tacu l a r  g r aphi c . 

Spl i t  S c re en Techniqu e s 

The WINDOW command can  be u s e d  t o  divide the screen  i n t o  an  uppe r  and l ower  
p o r t ion , as  shown i n  the  p revious  examp l e . The  � iv i ding  � ine  c art b� moved 
up or down by chang i ng the  v a l ue supp l i ed with the  WINDOW command . A l l 
s c ro l l ing f rom PRINT c ommands  i n  a p rogram t ak e s  p l ace  o n l y  o n  the  l ower 
p o r t i o n  of  the  s c re e n . Thu s , two s equence s  of  s e eming l y  independent v i s u a l  
a c t i v i t y  c an t ak e  p l a c e  o n  t h e  s ame screen  q u i t e  e a s i l y . W i t h  a sp l i t  s c r e e n  
e f f ec t , the  l ower  p o r t ion  o f  t h e  s c reen u s ua l ly conta i n s  t e x t ua l mat e r i a l ,  
wh i l e  the  uppe r  p a r t  i s  gene ra l ly g raph i c . RUN the  f o l l owing examp l e  t o  
s e e  a "READY , AIM , FIRE "  s e quence that ' s  q u i t e  e f f ec t ive . 
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10 CLS : COLOR 0 , 1 , 7 , 3  
20 W = 1 8  

30 W I NDOW W 
40 PLOT 1 , 35 , 1 , 1 1 2 , 1 
50 SOUND 3 , 522 
50 P R I NT " READY " 
70 FOR X= 1 TO 50 STEP 2 
80 I F  X=27 THEN PRINT " A I M " 
90 OUTPUT " < > " , X , 40 , 2 

100 OUTPUT " * " , X+3 , 40 , 1 : 0UTPUT " < > " , X , 40 , 0  

1 1 0 OUTPUT " * " , X+3 , 40 , 0 : NEXT 

1 20 OUTPUT " * " , X+3 , 40 , 1 : 0UTPUT " < > " , X , 40 , 2  

130 S OUND 1 ,  255 
140 P R INT " FIRE � " 
!50 FOR N=4 1 T O  77 

160 PLOT 56 , N , 2 : PLOT 56 , N , 0  

1 70 NEXT 
180 GOTO 1 0  

Th i s  p rogram i l l u s t r a t e s  s evera l i de a s  in g r a p h i c  d i sp l ay , b u t  l e t ' s  t ake 
a c l o s e r  l ook at  the  concept  of  "windowing" a me s sage in  the  l ower  p o rt ion 
of the s c r e e n .  You can c re a t e  a d i f f e rent e f f e c t  in the p rogram above 
by r a i s ing the window . Change l ine 20  t o  read  

2 0  w = 30  

and  RUN the  p rogram again  t o  s e e  the d i f f e rence  i n  e f f e c t . 
va r i a t i on ,  d e c r e a s e  the  WINDOW s e t t ing by s ix p ix e l s  eve ry 
s t a t ement i s  p e r f o rmed . Th i s  has the e f f e c t  of graphica l l y 
subp o i nt s t o  the  upp e r  p a r t  o f  the s c reen d i s p l ay .  

F o r  anothe r 
t ime a PRINT 

"add i ng-on" 

Wan t to use a two-c o l or sp l i t  sc reen d i sp l ay ?  
o f  the  s c r e en i n  c o l o r  1 ,  2 ,  o r  3 .  The bo t t om 
in  the  background c o l o r  d e f ined by the c o l o r  0 
Try t h i s  examp l e : 

S imp l y  PLOT the upper  p a r t  
p a r t  o f  t h e  s c reen rema ins  
p o s i t ion  in the  co l or s e t . 

10 CLS : COLOR 7 . 6 . 0 , 1 

20 WI  NDOlrJ 36 
30 PLOT 1 , 37 , 1 , 1 1 2 , 40 
40 OUTPUT " SPL I T  SCREEN " , 22 , 60 , 2  

50 J=J" + 1  

6 0  PR I NT TAB( 7 ) ; J  

70 GOTO 50 

A h o r i zont a l  s t r i p e  j u s t  above the wi ndow bounda ry a d d s  
app e a l  t o  e i th e r  the  s ing l e  o r  two-c o l or s p l i t  s c reen . 
the  examp l e  above t o  s e e  the a dd i t iona l graph i c  e f f e c t . 

3 5  PLOT 1 , 3 7 , 3 , 1 1 2 , 1  

even mo r e  grap h i c  
A d d  t h i s  l ine t o  

To u s e  s c ro l l ing w i t h  w i ndowing in e f f e c t , w e  recommend t h a t  the  WINDOW 
va l ue be  an even mu l t i p l e  o f  6 ( e . g . , WINDOW 1 8 ,  WINDOW 3 6 , e tc . ) ,  s o  the  
tops  of  l e t t e r s  a re not  " c hopp e d  o f f "  dur ing the  s c ro l l ing p r o c e s s .  R e s t o re 
f u l l  s c reen  s c ro l l i ng by typing a WINDOW 7 7  c ommand or the RESET b u t t on 
f o r  a RESET-R progr am r e s t a r t . 
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For  a mo r e  e l ab o r a t e  examp l e  o f  s c ro l l ing me s s age s that  i n c l u d e s  a t imep i e c e  
w i t h  r o t a t in g  hour , minute , a n d  s econd  hands  i n  a sp l i t- s c reen  d i sp l ay , 
s e e  the  MY GRANDFATHER ' S  CLOCK p rogram.  

S impl e  Point P l o t t ing 

The PLOT c omman d  c a n  be  u s e d  t o  draw i n d i v i du a l  p o i n t s  and l in e s  o n  t h e  
s c r e e n . Try  e a c h  o f  the  f o l l ow i ng examp l e s  in  d i r e c t  mode  t o  s e e  t h e  r e su l t s  
ach i eve d . S e t  your c omp u t e r  f o r  t h i s  exerc i se b y  e n t e r i n g  t h e  f o l l ow i ng 
s e t  o f  c ommands : 

WINDOW 24  
CLS 
COLOR 0 , 1 , 3 , 4  

TO DRAW 

A s ing l e  p o i n t  

Ho r i z on t a l  l in e  

Do t t e d  h o r i zont a l  l ine 

Ve r t i c a l  l ine  

Do t t e d  v e r t i c a l  l ine  

0 4 5  upwar d  s l op ing l ine 

Doub l e  h o r i zont a l  s t r i p e  

Ho r i zo n t a l  l ine 
( r i ght to l e f t )  

ENTER THI S  COMMAND 

PLOT 50 , 50 , 2  

FOR X = 1 TO 1 1 2  : PLOT X , 60 , 1 : NEXT 

FOR X = 1 TO 1 1 2  STEP 2 : PLOT X , 55 , 2 : NEXT 

FOR Y = 40 TO 70 : PLOT 1 0 ,Y , 3 : NEXT 

FOR Y = 30  TO 60 STEP 2 : PLOT 1 5 , Y , 2 : NEXT 

FOR y = 30  TO 60 : PLOT Y , Y , 1 : NEXT 

FOR X = 1 TO 1 1 2 : PLOT X , 64 , 1 : PLOT X , 65 , 2 : NEXT 

FOR X = 80 TO 20 STEP -1 : PLOT X , 65 , 2 : NEXT 

F i l l e d  box ( s l ow s p e e d ) FOR X=30 TO 80 : FOR Y=50 TO 5 7 : PLOT X , Y , 2 : NEXT : NEXT 

Mo re c omp l i c a t e d  f ig u r e s  c a n  be drawn by app ly ing geome t r i c  e q ua t ions  w i t h i n  
t h e  program .  F o r  examp l e , t h e  f o l l ow i ng p rogram d raws three  c oncent r i c  
c i r c l e s  i n  t h r e e  d i f f e rent  c o l o r s , c e n t e red  a t  ( 50 , 50 )  w i th rad i i  o f  2 5 , 
20 , and  1 5  p ix e l s .  The var i a b l e  T i s  i nc remented  be twe en  0 and  21\ ( approx . 
6 . 28 ) . T rep r e s en t s the  ang l e  i n  r a d i ans . 

1 0  CLS : COLOR 7 , 1 . 2 , 4  

20 FOR R=25 TO 1 5  STEP - 5  
30 C =C + l  

4 0  F O R  T = 0  T O  6 . 28 STEP . 05 

50 PLOT 50+R*COS C T ) , 50+R•S I N C T ) , C  
60 Y 1 = 1 0* S I N ( X )  
70 NEXT : NEXT 

80 A $ = I NSTR$C l )  
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Mu l t i-po int P l o t t ing 

The P LOT c ommand  i n  M i c ro s o f t  8K Fas t G raph i c s  BAS I C  h a s  b e e n  ext ended 
to  a l l ow two op t i o n a l  p a r ame t e r s  f o r  g raph i c s  up to 30  t ime s f a s t e r  than 
are ava i l ab l e  i n  Leve l I I  BAS I C . The s e  pa rame t e r s  a l l ow you  to spec i fy 
the ho r i zo n t a l  and v e r t i c a l l engths  o f  a p l o t , i n  a dd i t i on t o  t h e  o r i g i n  
and c o l o r : 

COLOR x , y , c , xlen , y len 

The f i r s t  t h r e e  p a r ame t e r s  of the  PLOT command  a re the s ame as i n  Leve l 
I I  BAS IC .  The f i r s t  two spe c i f y  the ( x , y ) c o o r d i na t e  p a i r  t h a t  i s  the 
o r i g i n  o f  the  p l o t t e d  a r e a . The t h i r d  i s  the co l o r  f rom t h e  c o l o r  s e t , 
s p e c i f i e d  by p o s i t i o n  i n  the  s e t  ( 0-3 ) .  x l e n  s p ec i f i e s  the  h o r i z on t a l  
l ength  o f  the  p l o t , and y l en sp e c i f i e s  the ve r t ica l l ength . The ( x , y ) 
coo r d i na t e s  i n  the  e x t e n d e d  PLOT s t a t ement  d e t e rm i n e  the  p l a c eme n t  o f  the  
l ower  l e f t  c o rn e r  of  the p l ot t e d  area . Both  x l en and  y l en mu s t  b e  g re a t e r  
than O ,  a n d  x +x l en mu s t  b e  l e s s  t han o r  e qua l t o  1 1 3  a n d  y+y l en mu s t  b e  
l e s s  t han o r  e qua l t o  7 8 .  I f  e i ther  x l en o r  y l en h a s  a va l ue o f  1 ,  a l ine  
one p ix e l  w i de is  d r awn o n  the  sc reen . 

Thu s , a h o r i z on t a l  o r  v e r t i c a l l ine o r  a rec t ang l e  o f  any s i z e , p o s i t i o n , 
and c o l o r  may b e  d r awn w i th a s ing l e  PLOT command . The FOR . . .  NEXT l oo p s  
u s e d  t o  d r aw l ine s o r  f i l l i n  a r e a s  i n  Leve l I I  BAS I C  can be  e l iminat e d  
f rom p rograms wr i t t e n  w i th M i c r o s o f t  8 K  BAS I C , s o  p rogramming i s  s imp l e r , 
and p rog rams r e q u i r e  l e s s  RAM f o r  the s ame o p e ra t i o n s . An a dd i t i on a l b e ne f i t  
i s  tha t the  s p e e d  o f  the  g raph i c s  can b e  up t o  3 0  t ime s f a s t e r  than  the 
o l d e r  Leve l I I  p l o t  metho d s , because  BAS IC  u s e s  the  s y s t em ROM rout ine  
RFILL t o  p e r f o rm t h e  g r ap h i c s  d i sp l ay . Wh i l e  this  ROM rou t i n e  c an b e  i nvoked 
through POKE s t a t eme n t s and a USR ca l l  ( s e c  the M i c ro V i d e o  MONI TOR and 
the G u i de to ROM Subrou t i n e s ) , i t ' s  f a r  mo re  s t ra ight f o rwa r d  t o  u s c  the  
ext e nded  PLOT command  i n  8K BAS I C .  

For  examp l e , t o  cl e a r  the  s c r e e n  i n  d i re c t  mode , u s e  t h i s  PLOT s t a t emen t :  

PLOT 1 , 1 1 , 1 1 2  7 7  

S e e  f o r  y o u r s e l f  how much f a s t e r  t h e  g raph i c s  a r e  i n  8 K  BAS I C  by e n t e r i ng 
the f o l l ow i ng commands : 

TO DRAW ENTER THI S COMMAND 

Ho r i z o nt a l  l in e  PLOT 1 , 60 , 1 , 1 1 2 , 1  

V e r t i c a l  l i n e  PLOT 40 , 50 , 2 , 1 , 20 

W i d e r  h o r i z on t a l  PLOT 1 , 60 , 3 , 1 1 2 , 3  
l in e  

R e c t ang l e  PLOT 20 , 20 , 2 , 80 , 50 
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Game G r i d s  

A g ame g r i d  i s  nothing more  than a s e t  o f  e qua l l y-spaced  h o r i z ont a l  and  
v e r t i c a l  l ine s .  The se  c an e a s i l y  and quick l y  be e s t ab l i sh e d  on the  s c r e e n  
w i th M i c r o s o f t  8K BAS IC  a s  i l l u s t ra t e d  in  the  f o l l owing s imp l e  p rogram . 

10 REM - GAME G� I D  

20 CLS : COLOR 0 , 7 , 1 , 3  
30 FOR X= 1 0  T O  70 STEP 1 0  

40 P LOT X , 1 0 , 1 , 1 , 60 : NEXT 

50 F OR Y= 1 0  TO 70 STEP 1 0  

60 PLO r 1 0 , Y , 1 , 6 1 , 1 : NEXT 

70 AS= I NSTR$ ( 1 )  

Th i s  g r i d  cou l d  a l s o  be  deve l oped  in Leve l I I  BAS I C  u s ing FOR • . .  NEXT s ta tement s ,  
but  the  d i sp l ay wou l d  be  ma rk e d l y  s l owe r .  

Checker Board 

A check e r  b o a r d  i s  a s e t  o f  a l te rna t ing c o l o r  s quare s .  I n  the  next  examp l e , 
a s ing l e  PLOT s t a t emen t  f i l l s  each s quare i n  the approp r ia t e  c o l o r . The 
sub r o u t i n e  i n  l ine 40 a l t erna t e s  t l1 e  c o l o r  v a r i ab l e , C ,  be twe en v a l u e s  o f  
1 and 2 t o  change the  c o l o r s  i n  the  s quare s .  The s e cond GOSUB 1 40 i n  l ine 
1 1 0  c a u s e s a skip of the  c o l o r  s e quence e ach t ime a new c o l umn of s qu a r e s  
i s  s ta r t e d , s o  t h a t  t h e  s quare  c o l o r s  a l t e rna te  h o r i z on t a l l y  a s  we l l  a s  
ve r t i ca l ly .  

Graphic  D e s ign 

1 0  REM : CHECKER BOARD 

20 CLS : COLOR 0 , 1 , 7 , 3  

30 GOSUB 60 

40 A$=INSTR$ C 1 )  
50 REM - CHECKER BOARD ROUT I NE 

60 FOR X=Z0 TO 82 STEP 8 

70 FOR Y=6 TO 68 STEP 8 

80 G O SUB 1 4 0  

9 0  PLOT X , Y , C , 8 , 8  

100 NEXT 

1 1 0 GOSUB 1 40 

120 NEXT 
130 RETURN 

140 C=C+ 1 : I F C=3 THEN C= l 

150 RETURN 

You might  want t o  add  g raph i c  image s to your  p rog rams that  a re approp r i a te 
t o  a p a r t i c u l a r  s ea s on o r  o c c a s i on .  An Ame r ican  f l ag wou l d  f i t  we l l  i n t o  
an I ndependence  D a y  d i sp l ay . Y o u  might  want t o  u s e  y o u r  I n t e r a c t  a s  a " b i r th
day c a r d "  d i s p l ay at a b i r thday p a r t y  and deve l op image s o f  a b i r thday c ake 
and f l i cke r ing cand l e s . O r , a t  a Chr i s tma s p a r t y , you might want to  i n c l ude  
the  f o l l ow i ng c o de in a d i s p l ay p rogram . Thi s  sma l l p rogram d r aws  a Chr i s tma s 
t r e e  on the  s creen  by d e f ining  a s e t  o f  h o r i zbn t a l  rec t ang l e s  t h a t  n a r row 
as t hey approach  the top of the  t ree ( u s ing M i c r o s o f t  8K BAS I C ) . 
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1 0  REM- CHRI STMAS TREE 

20 CLS : C OLOR 0 . 2 , 1 , 3  

30 ><=26 : XL=60 

40 FOR Y=12 TO 65 STEP 

50 PLOT X , Y , l , XL , 2  

50 X = X + 1  

70 X L = XL - 2  

80 NEXT 

90 FOR 0= 1 TO 1 000 : NEXT 

100 GOTO 1 0  

2 

As a n  exerc i se , add  s ome PLOT o r  OUTPUT s t a t emen t s  t o  d raw a t runk , decorate  
t h e  t re e , and p l ac e  package s b eneath  i t .  

No t e  t h a t  you  cou l d  d raw the  Chr i s tma s t ree  above i n  Leve l I I  BAS I C .  H oweve r ,  
the l og i c  t o  do s o  wou l d  be  mo re  comp l ex because  a FOR • • .  NEXT l oop i s  required  
t o  d r aw e ach r e c t ang l e ,  r a th e r  than  a s ing l e  PLOT s t a t ement . The  g raph ic  
deve l opment on the  s c reen wou l d  a l so be  s i gn i f icant l y  s l owe r ,  as  y ou ' l l  
s e e  i f  you  e n t e r  and RUN the vers ion o f  t h i s  program be l ow .  

5 C L S : COLOR 0 , 1 . 2 , 3  
1 0  A = 1 0 : 8 = 15 
20 c = 30 : D  = 8 0  
3 0  F O R  L 1 TO 9 
40 FOR y = A TO 8 
50 FOR X = c TO D 
60 PLOT X , Y , 2 
70 NEXT X :  NEXT y 
80 A= A+6 : 8=8+6 
90 c = C + 3 : D  = D - 3  
100 NEXT L 

See  the  d i f f e renc e s  in  s p e e d  and v i s u a l  e f f e c t ?  

Ext ra-Large Lettering 

I f  you t h i nk the  charac t e r  s i z e  on your I n t e ra c t  i s  t o o  sma l l ,  here ' s  a 
way t o  inc r e a s e  the  s i ze  o f  the l e t t e r s ' S e r ious l y , e x t r a - l arge l e t t e r ing 
can be a u s e f u l  mechan i sm to a t t ract  v iewe r a t t en t i on to y o u r  d i sp l ay program . 
I f  you  e n t e r  and RUN the  f o l l owing s h o r t  p rogram , y o u r  I n t e r a c t  w i l l  g ive 
you a b o l d  g r e e t ing . 

1 0  REM- LARGE LETTER I N G  

20 CLS : COLOR 0 , 2 , 1 , 3  

30 X=20 : Y=20 

40 PLOT X , Y , 2 , 8 , 50 

50 PLOT X , Y+22 , 2 , 30 , 8  

60 PLOT ><+30 ' y '  2 '  8 '  50 

70 PLOT X+55 , Y , 2 , 8 , 50 

8 0  F O R  Q= l T O  1000 : NEXT 
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You ' l l  f in d  i t  u s e f u l  t o  s e t  a l l  ( x , y )  coo rdinat e s  a s  v a r i ab l e s  r a t h e r than  
c on s t a n t s ,  s o  t h a t  the  c omp l e t e  wo rd can be p rope r l y  p o s i t ioned  o n  t h e  
s c r e e n  w i th m i n ima l r e t y p i n g  e f f o r t . Obvious l y , o n l y  sho r t  wo r d s  w i l l  f i t  
on  the  s c r een  i f  you u s e  l a rge l e t t e r ing . Howeve r ,  you c an s i z e  the l e t t e r i n g  
a s  r e q u i r e d  t o  f i t  i n  many c a s e s .  

"Th ree-d ime n s i o n a l "  l e t te r i ng c an a l s o  b e  e f f e c t ive i n  comb i na t i o n  w i t h  
l a r g e  l e t t e r s . We c an e a s i l y a dapt  o u r  l arge l e t t e r ing p rogram t o  i l l u s t ra t e  
th i s  c o n c ep t . F o r  a t hree-dimens i ona l e f f e c t  on  any g raph ic  image , d r aw 
the  image t h r e e  t ime s , i n  three  d i f f e rent c o l o r s . P l o t  the s ec ond  copy 
of  the image one p ix e l  up and one p ix e l  t o  the r ight  of  the  o r ig i na l  image . 
Then , p l o t the  t h i r d  one  up and one ove r f rom the  second . I n  o u r  p rogram , 
we ' l l accomp l i sh th i s  by pu t t ing the PLOT s t a t emen t s  that  p ro duce the  l e t t e r ing 
in a FOR . . .  NEXT l oop that  w i l l draw the image three  t ime s , each  t ime i n  
a d i f f e r e n t  co l or f rom the c o l o r  s e t  ( C ) . A t  the end  o f  each  l oop , we ' l l 
inc rement  the  va l ue s  o f  X and Y by one . 

B a r  Graph s  

20 CLS : COLOR 0 . 7 . 4 , 1 

30 X = 20 : Y=20 

35 FOR c = 1 TO ....., -::l 

40 PLOT X , Y , C , 8 , 50 

50 P LOT X , Y+22 , C , 30 , 8  

60 PLOT X+30 , Y , C , 8 , 50 

70 PLOT X+55 , Y , C , 8 , 50 

75 X = X+ l : Y  = Y + 1  

7 7  NEXTC 
80 FOR Q = 1 TO 1 000 : NEXT 

90 CLS : GOTO 30 

A b a r  graph i s  the mo s t  e f f ec t ive way o f  d i s p l ay ing t re n d s  in a s e r i e s  o f  
d a t a  p o i n t s  w i th t he I n t e rac t . With  M i c ro s o f t  8K BAS I C , each bar  c a n  be  
p roduc e d  by a s ing l e  PLOT command w i t h app rop r i a t e  s c a l ing and a x i s  p o s i t i o n ing . 
Exce l l en t  examp l e s  o f  bar  p l o t t ing can  be f ound i n  the BAS I C  Examp l e s  Book l e t 
and  in the  Trends  p rog ram i n  F inanc i a l  L i brary I I .  Co l o r  change s  i n  the  
b a r s  can be  u s e d  t o  s ig n i f y  negat ive va l u e s  o r  t o  d i f f e rent i a t e  a c t u a l  f rom 
f o re c a s t e d  d a t a . 

Charact e r  P a t t e rns 

The OUTPUT s ta t emen t  l e t s  you d i sp l ay any charac t e r , s t r i ng ,  or  va l ue at  
any p o s i t i o n  o n  the s c reen , in  one of  the co l o r s spec i f i e d  i n  the  co l o r  
s e t . The ( x , y )  p o s i t i o n  spec i f i ed  i s  the p o s i t ion o f  the  p ixe l i n  the  upp e r  
l e f t  co rne r o f  t h e  charac t e r .  Your comput e r  d i sp l ay s  e a c h  charac t e r  a s  
a SxS  p ix e l  g r i d  w i t h i n  a 6x6  p ixe l f ie l d .  S ince cha r a c t e r s  can  be p o s i t ioned  
so  a s  to  ove r l ap the i r  ne ighbo r s  with  OUTPUT s t a t emen t s , inte re s t ing d i sp l ay s  
can be  c r e a t e d  by cho o s ing approp r i a t e  c o l o r s , p o s i t io n ing , and charac t er s . 
F o r  examp l e , t ry the f o l l ow i ng p rogram. I t  u s e s  the  OUTPUT s t a t emen t  t o  
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ove r l ap the  charac t e r s  " C "  and 
TV s c reen . 

" · "  ' t o  p roduce a c o l o r f u l  p a t t e rn on your 

10 REM- CHARACTER PATTERNS 

30 CLS : COLOR 7 , 1 , 3 , 2  

35 FOR X= l TO 1 1 2 STEP 5 

40 FOR Y=6 T O  77 STEP 5 

50 OUTPUT " C " , X , Y , 3•RND( 1 ) + 1  

55 OUTPUT " ; " , X+ 1 , Y+ 1 , 3•RND C 1 l + 1  

60 N EX T : NEXT 
70 GOTO 35 

Try exper ime n t ing w i th the  e f f e c t s  you c an achi eve by v a ry ing the  charac t e r s 
u s e d  in  the  OUTPUT s t a t ement and the c o l o rs  i n  the  c o l o r s e t . 

Interac t S l ang -- Non-S t anda rd Charac t e r s  

Your I n t e ra c t  h a s  a numb e r  o f  non-s t andard o r  " s l ang"  cha r a c t e r s  in  i t s  
cha r a c t e r  t a b l e .  Your I n t e ra c t  unde r s t ands the s e  charac t e r s  in  t h a t  i t  
knows t h a t  they e x i s t ,  b u t  y o u  c an do  l i t t l e  w i th t h e n  except  u s e  them 
f o r  d i sp l ay in  y o u r  p rograms . The se  p a t t erns  a r e  d i f f e rent  depend ing on 
wh ich BAS I C  you h ave , but a l l  the  BAS I C s  have them , and you c an tu rn t h em 
into  c o n t r o l l ab l e  ent i t i e s  w i t h i n  g ame p rograms . You  acce s s  the se  cha r a c t e r s  
b y  indexing b eyond the  l imi t s  o f  t h e  s tandard  ASC I I  chara c t e r  t ab l e  y o u r  
I n t e r a c t  u s e s  f o r  c ommun i c a t ion . The f o l l owing s amp l e  p rogram wi l l  l e t  
you l o ok a t  t h e  non- s t andard  characte r s .  You might  want t o  keep a p i ece 
of p a p e r  handy and make no t e  of y our f avor i t e s  as the  p rogram r un s , f o r  
u s e  i n  f u t u re p r6grams . 

1 0  REM NON - ASC I I  SPEC IAL CHARACTERS 

20 CLS : COLOR 4 , 0 , 7 , 3  

25 !!.l i NDOW 1 8  

30 P R I N T  CHR$( 8 )  

35 FOR C= l T O  255 

36 P R I NT " CODE= " ; C  
40 FOR X= 1 0  TO 1 00 STEP 2 

50 O UTPUT CHR$( C ) , X , 50 , 2 

60 O UTPUT CHR$ ( C ) , X , 50 , 0  

70 NEXT : NEXT 
80 W I NDOW 77 

SxS Pixel  B locks 

I f  you d o  not have M i c ro s o f t  8K BAS I C , y ou c an u s e  the  CHR$ ( 1 )  f unc t i on 
t o  co l or-f i l l  an a re a  w i t h  a SxS  p ixe l b l ock , i n s t ead o f  u s ing  t he PLOT 
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s t a t emen t . You ' l l  f ind t h a t  i t  prov i d e s  a f a s t er  graph i c s  capab i l i ty ,  a l t hough 
no t n e a r l y  as  f a s t  as  i s  p o s s ib l e  w i th 8K BAS I C .  You c an OUTPUT CHR$ ( 1 )  
w i t h i n  a FOR . . .  NEXT l oop t o  d raw 5 p ixel  wide  l ines  f o r  deve l op ing image s .  

As  t h i s  charac t e r  i s  o u t s ide  the  no rma l ASCII  char a c t e r  s e t , we f i r s t  have 
to ensure that the  p o in t e r  t o  acc e s s  the charac t e r  tab l e  i s  p rope r l y  p o s i t io ne d .  
We d o  t h i s  by p r int ing the  backspace cha r a c t e r  ( CHR$ ( 8 ) ) ,  a s  s hown i n  l ine  
1 2  of  the  f o l l owing examp l e . Th i s  examp l e  shows how t h e  OUTPUT CHR$ ( 1 )  
can be u s e d  t o  draw the  s e t  o f  a l t e rnat ing red and whi t e  s t r i p e s  in  the  
Ame r i can f l ag . 

1 0  REM - 5  P I XEL STRIPES 

12 P R I NTCHR$ ( 8 )  

20 CLS : COLOR 0 , 1 , 7 , 1 

25 FOR Y= 1 0  TO 7 0  STEP 5 

30 C=C+ 1 

40 I F  C=3 THEN C= 1 

50 FOR X=5 T O  1 1 0 STEP 5 
60 O UTPUT CHR $ ( 1 ) , X , Y , C  

70 NEXT : NE><T 
1 0 0  RUN 

Of cour s e , the  extended  PLOT s t a t ement in  Micro s o f t  8K BASI C  i s  s t i l l much 
f a s t e r  and  o f f e r s  mor e  f l ex ib i l i t y  than t h i s  metho d , b u t  CHR$ ( 1 )  o f f e r s  
s igni f i c an t  imp r ovement over s ing l e  p o int p l o t t ing f or tho se  s t i l l  u s ing 
the o l d  L e ve l II BAS I C  inte rpre t e r . 

Creat ive Mo t ion -- S t ick F igure s 

S t ick f i g u r e s  c an be  made t o  move a round on the  s c re e n  t o  provide  an e n t e r t a i ning 
v i s u a l  i n  y o u r  p rogram .  You c an make these  f igu r e s  a c t  independent l y  o r  
in  g r o up s .  S t ick  f igur e s  a r e  c re a t e d  by drawing a s e t  o f  cha r a c t e r s  w i th 
OUTPUT s t a t ement s  a t  a spec i f ie d  l oc a t ion on the s c re e n  f rom a s ubro u t ine 
i n  t h e  p rogram .  A f t e r  a s t i ck f igure i s  output , it  is  t y p i c a l l y r e d r awn 
in the  b ackground c o l o r  to " e r a s e "  i t  b e f o re r e turn ing t o  the  c a l l ing p ro g r am .  
The program then i s su e s  another  c a l l t o  the subrout ine t o  o u t p u t  the  s e t  
o f  charac t e r s  again . Th i s  makes  the  s t ick f igure app e a r  t o  "wa l k "  a c r o s s  
the s c reen . I n  the f o l l owing examp l e , the s t i ck f igure i s  c re a t e d  b y  comb i n ing 
the s e t  of OUTPUT charac t e r s  i n  l in e s  1 1 0 through 1 40 .  

" .-� • ,!� -•. ) ;;._ ·: .L 

0 .-<.. w •  

1 0  REM - ST I CK F I GURES 

20 CLS : COLOR 6 , 0 , 2 , 7  

'-, 25 Y=50 

� 28 FOR X= 1 T 0 1 1 2 : PLOT X , 4 1 , 2 : NEXT 

30 FOR X= l 0  TO 100 STEP 2 
40 GOSUB 1 0 0  

5 0  NEXT 

60 GOTO 20 
� · r �  8 8  REM - DRAW AND ERASE F I GURE A T  < X , Y l  . " 

' 100 FOR C = 1  TO 0 STEP - 1  

.� 0 1 0  OUTPUT " 0 " , X , Y+5 , C  

+ , � J � ' /
1
�
1 2

2

5

0 O U TPUT " > " , X+ 1 , Y , C  

- ' - OUTPUT " < " , X- l , Y , C  

( 1 3 0  OUTPU T " / " , X - 2 , Y - 4 , C  

l,1 4 0  OUTPUT CHR$ ( 82 ) , X+2 , Y - 4 , C  

200 N EXT C 

300 R ETURN 
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Wor d  Sme a r s  

You c a n  achi eve the  vi sua l e f f e c t  o f  " sp ray ing" a wo r d  on the  s c reen  t o  
a t t r a c t  a t t ent i on in  y o u r  p rograms . The f o l l owing examp l e  s hows how t h i s  
can be  done . Y o u  c an con t r o l  t h e  d i re c t i on and amount o f  t h e  sme a r ing 
by the parame t e r s  in  the  FOR . . .  NEXT l oo p s . You can a l so add t one s to the 
vi sua l to incre a s e  i t s  impac t .  

10 REM - WORD SMEARS 

20 CLS : COLOR 0 , 1 , 7 , 3  

30 FOR Y = 1 0  TO 50 STEP 2 
35 TONE 100 - Y , 1 0 

40 OUTPUT " WHEE " , 50 , Y , 1 

50 NEXT 

60 OUTPUT " WHEE " , 50 , Y - 1 , 2  
70 FOR 0= 1 T O  500 : NEXT 

1 0 0  RUN 

3-D L e t t e r i ng 

We ' ve a l re a dy c on s i de red  the c oncep t o f  thre e-dimen s iona l l e t t e r ing w i t h  
ex t ra - l arge charac t e r s . Y o u  can  a l s o  app l y  t h i s  i de a  t o  n o rma l - s i zed  l e t t e r ing 
by r e p e a t e d  OUTPUT s t a t emen t s  i n  d i f f e rent  c o l o r s  and i nc re a s e d  h o r i z on t a l  
and ve r t i c a l  d i s p l a c emen t  o f  t h e  me s s age . The cho i ce o f  c o l o r s  i n  three
d imens i ona l l e t t e r ing is  imp o r t ant . The l a s t  c o l o r  used  to  d i sp l ay the 
me s sage shou l d  have the  g r ea t e s t  cont ra s t  w i t h  the  b ackground c o l o r  f o r  
the b e s t  e f f ec t . 

1 0  REM - 3D LETTER ING 

20 CLS : COLOR 0 , 4 , 6 , 7  

25 S$= " BON J OUR " 

30 OUTPUT S$ , 34 , 50 , 1 

40 OUTPUT S$ . 35 , 5 1 , 2  

50 OUTPUT S$ , 36 , 52 , 3  

60 GOSUB 1 00 

70 GOTO 20 
100 FOR Q= l T O  300 : NEXT 

1 1 0 RETURN 

3 - 1 3 



Graphic  C o l o r  Cont ro l 

You c a n  a c h i e ve a numbe r  o f  d i f f erent graph ic  e f f e c t s  j u s t  by manipu l at ing 
the  c o l o r s  i n  the  current  c o l or s e t , such a s  b l inking , f l a sh ing , co l o r  r o l l s , 
sh imme ring , and ins t ant aneous w r 1 t 1ng . We ' l l t ake a l ook a t  t h e s e  v i s u a l  
e f f e c t s  t o  s how you how they can increase  the d r ama and imp a c t  o f  y o u r  p ro g r am 
di sp l ay . 

B l i nk i ng Objec t s  

You can make a wo r d  o r  obj e c t  " b l ink" on and o f f  by chang ing the  c o l o r  in  
wh ich it  is  d i sp l ay e d  t o  the  b ackground c o l o r . You c an u s e  t iming l oo p s  
t o  con t ro l the  speed  o f  the  b l inking--the r e l a t i ve " vi s ib l e "  and  " inv i s ib l e "  
p o r t ions  o f  the  b l inking cyc l e .  

1 0  REM - BL I N K I NG 

20 CLS : COLOR 3 . 7 , 0 , 1 

30 OUTPUT " SA UE " , 5 1 , 60 , 1 

10 FOR X=5 1 TO 73 : PLOT X , 54 , 1 : NEXT 
50 GOSUB 1 00 
60 COLOR 3 , 3 , 0 , 1 
70 GOSUB 1 0 0  
8 0  C OLOR 3 , 7 , 0 , 1 
90 GOTO 50 

100 FOR 0 = 1  TO 100 : NEXT : RETURN 

To make t h e  word  b l i nk f a s t e r  o r  s l ower in the p re c e ding p rogram , r a i s e  
o r  l owe r t h e  h ighe s t  v a l ue o f  Q i n  t he FOR . . .  NEXT pause  l oop ( l ine 1 00 ) . 

F l a sh ing the Screen 

You can p roduce the e f f e c t  o f  a s c reen f l �h by switching  the  v a l u e s  i n  the 
c o l o r  s e t  o f  the  background c o l o r  and the c o l o r  i n  which  an ob j ec t  or wor d  
i s  d i s p l ay e d . Very d rama t ic e f f e c t s  can b e  achieved  w i t h  h igh c ont r a s t  
c o l o r s  s uch a s  b l ack and wh i t e and l a rge ob j ec t s  such a s  ove r s i z e d  l e t te r s . 
You c ont r o l  the  speed  and dura t ion o f  the  f l a s h ing by the  c o r r e sponding 
FOR . . .  NEXT p a u s e  l oop s . 

10 REM- FLASH I N G  
2 0  CLS : COLOR 0 , 7 , 1 , 3  
25 OUTPUT " TODAY " , 46 , 30 , 2  

30 O UTPUT " SAUE " , 5 1 , 60 , 1 

40 FOR X=51 TO 73 : PLOT X , 54 , l : NEXT 
50 GOSUB 1 0 0  

60 C OLOR 7 , 0 . 1 , 3  

70 GOSUB 1 00 

80 COLOR 0 , 7 , 1 , 3  
90 GOTO 5 0  
1 00 FOR 0= 1 TO 50 : NEXT : RETURN 

3 - 1 4  



Co l o r  Ro l l s  

You c an p r o duce a c o l o r  r o l l in your  p ro g rams by r o t a t ing the  c o l o r s  a s s o c i a t e d  
with  a d i s p l a y e d  ob j ec t  o r  me s s age through the  ava i l ab l e  e i ght  c o l o r s . 
We ' ve done a co l o r  ro l l  i n  the f o l l owing p rogram by changing the  co l o r  
i n  the  s econd p o s i t i on o f  the  c o l o r  s e t  ( co l o r  1 )  wi thin  a FOR . . .  NEXT l oop . 
Each t ime t hrough the  l o op , the va l ue o f  the  v a r i ab l e ,  T ,  i s  inc reme n t e d  
b y  o n e  t o  change the  c o l o r  s e t t ing o f  c o l o r  p o s t ion  1 .  

1 0  REM - COLOR R OLLS 
20 CLS : COLOR 0 , 7 , 1 , 4  
30 FOR X=42 TO 8 2  

32 FOR Y=38 TO 4 0  

33 PLOT X , Y , l : NEXT : NEXT 

40 OUTPUT " ROLL ON " , 42 , 48 , 2  

50 FOR T=0 TO 7 

60 COLOR 0 , T , 1 , 4 
70 FOR Q= l TO 1 00*T+50 : NEXT 

80 NEXT 

90 GOTO 20 

Shimme r ing 

I n  the  examp l e  on page  3 -1 0 , we showe d you how t o  c re a t e  t h r e e-d imen s i ona l ,  
ove r s i ze d  l e t t e r s  w i th i n  your  p rog rams . You can  a d d  ano t h e r  e f f e c t  t o  
make t h e  l a rge l e t t e r  d i s p l ay even more p owe r f u l --making t h e  word  HI  sh imme r .  
I n  the  f o l l owing p rogram , we ' ve c re a t e d  t h i s  s h imme r ing e f f e c t  by i n s e r t ing 
a FOR . . .  NEXT l oo p  b e twe en l ine s 80 and 90 t h a t  r ap i d l y  swi tches  the co l o r s  
i n  wh ich  the  background d imens i ons  a re d i sp l ay e d . Type i n  t h i s  p rogram 
and run i t  to see the ama z ing e f f e c t--the ma in HI  l e t t e r ing a l s o app e a r s  
to  v i b ra t e ! 

1 0  REM SH I MMER I N G  

20 CLS : COLOR 0 , 7 , 4 , 1 
30 X = 20 : Y  = 20 
35 FOR C = 1 TO 3 

!J=f] 
40 PLOT X , Y , C , 8 , 50 <=--------
50 PLOT X , Y+ 22 , C , 30 , 8  

60 PLOT X+30 , Y , C , 8 , 50 

70 P LOT X+55 , Y , C , 8 , 50 

75 X = X+l : Y  = Y+ l 

77 NEXT C 
8 0  FOR Q = 1 TO 1 000 : NEXT -'/CC� u .r v 
85 F O R  I = 1 TO 25 � 

0 '� ,- / ,11 87 C OLOR , 4 ,  7 .  1 r '-- 1'<'---f--5l-4-- c..o--e-...v<..-
88 COLOR 0 ,  7 ,  4 ,  1 __ ) (. s- 17)1 /-"' ......__. 

88 NEXT I 
80 CLS : GOTO 3 0  
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Instantaneous Wri t ing 

W e ' l l d i s c u s s  one o ther  e f f e c t  that  can be  obt a ined  t hrough man i p u l a t ing 
the co l o r  s e t . We ca l l  it  " ins tantaneous  wr i t ing , "  because  the  wo r d s  s e em 
t o  pop onto  the  s c reen f rom the  b ackground c o l or . You can u s e  t h i s  type  
o f  e f f e c t  for  d i sp l ay ing me s s ag e s  in  an i n t e re s t ing f a s h i on or  for  mak ing 
obj ec t s  sudden l y  appear  on the  s c r e e n .  

Y o u  achi eve t h e  e f f e c t  o f  i n s t an t aneous  wr i t ing by i ni t i a l ly s e t t ing a l l  
co l o rs  in  the  c o l o r  s e t  t o  the  background c o l o r , then d r awing the  v i s ua l s  
re f e renc ing the  three  f o re ground c o l o r s  ( co l o r s  1 ,  2 ,  and 3 i n  the  c o l or 
se t ) .  When the  code  e s t ab l i sh ing the  v i s u a l s  i s  done , j us t  change the  COLOR 
s t a t emen t  t o  p l ac e  the  p a r t s o f  the  image o r  me s s age in the  d e s i red  c o l o r s . 
The image w i l l  "pop"  onto  the  screen  ins t ant l y . Keep i n  mind when u s ing 
th i s  t echn i que that  the  more comp l ex the image i s  to deve l op ,  the  l onger 
the t ime the  s c r e en wi l l  rema in the  background co l o r .  

10 REM - I NSTANTANEOUS D ISPLAY 

20 CLS : COLOR 0 , 0 , 0 , 0 

30 OUTPUT " GOOD MORNING , " , 20 , 60 , 1 

40 OUTPUT " MR .  PHELPS . . .  " , 20 , 54 , 1 

50 OUTPUT " YOUR M I SSION , " , 20 , 40 , 2  

60 OUTPUT " SHOULD YOU " , 20 , 34 , 2  

70 OUTPUT " DEC I DE T0 " , 20 , 28 , 2  

80 OUTPUT " ACCEPT I T  . . .  " , 20 , 22 , 2  
90 COLOR 0 , 3 , 7 , 1 

100 FOR Q=1 T O  5000 : NEXT 

1 1 0 GOTO 1 0  

Advance d  Graphics -- POKE ing the Screen 

The g raph i c  d i sp l ay on rhe  I n t e ra c t  is memory-mappe d  beg inning at RAM l oc a t ion  
1 6 3 8 4  and occup i e s  the  next  2 , 463  byt e-s o f  con t i guous  RAM ( ending a t  l o c a t ion 

fC 1 8 9 43 � .  Each  f u l l l ine on the  s c reen a c t ua l ly con t a i n s  1 28 p ixe l s ,  a l though 
on l y  1 1 2  of them are d i sp l ay e d  on the TV screen . Each b y t e  addre s s e s  f ou r  
p ixe l s ,  s o  e ach  f u l l  t· ne on the  s c reen consume s 3 2  by t e s  o f  memo r¥ ( 1 28 / 4 ) . 
( Th e  l a s t  1 6  p ixe l s  ( 4  byt e s )  o f  each l ine are  " invi s i b l e . " )  The l e f tmo s t  
f-our  p ixe l s  i n  t h e  t op row o n  the screen a r e  contro l l e d  b y  the va l ue o f  
meme ry l oc a t i on 1 63 8 4 .  There f o re , the p ixe l s  on the  s c re e n  a re contro l l ed 
by the  memo ry l o c a t ions  a s  f o l l ows : 

• r7 ' .'  , 1 63 8 4 - 1 641 5 - ----F n s t  row o f  1 28 ( 1 1 2  vi s ib l e )  p i xe l s  ( 3 2  by t e s ) 
::, .. I · ·' · 

1 641 6 - 1 6 447 . .  
>' S econd row o f  p ixe l s  

1 6 448 - 1 6 4 7 9  Th i rd row o f  p ixe l s  

1 89 1 2  - 1 8 9 43 Seventy-seventh row o f  p ixe l s  
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I f  you  a re u s ing Leve l I I  BAS I C , b e f o r e  you  c an d raw o n  t h e  s c r e en with 
the POKE s t a t ement , you  mu s t  enab l e  t he POKE c ommand  w i t h  t h e  s t a t ement 

POKE 1 9 21 5 , 25 

I f  you a r e  u s ing M i c r o s o f t  8K BAS I C , you do  n o t  h ave t o  e n t e r  t h i s  s ta t ement 
becau s e  the  POKE s t a tement is automa t i ca l ly enab l e d  when BAS I C  l oa d s . 

-To u s e  tne  POKE c ommand t o  c on t r o l  c o l o r s  on t he s c reen , you spe c i f y  two 
va l ue s  on t he s ta t ement , s ep a r a t e d  by a c omma . The f i r s t  va l ue , which 
we ' l l c a l l A ,  d e f i n e s  t he memo ry l oc a t i on that  c o n t r o l s  t h e  group of  f our  
p i xe l s  you  want  t o  addre s s .  The  second va l u e , wh ich we ' l l c a l l B ,  i s  a 
da t a  v a l ue f rom 0 t o  2 5 5 , which  i s  i n t e rp r e t e d  a s  a b i t  p a t t e rn t o  det e rmine 
the c o l o r  o f  e ach p ixe l i n  the  group . The se  f ou r , two-b i t  b i t  p a t t e r n s  
ca l l  t he c o l o rs  i n  the c o l or s e t  a s  f o l l ows : 

00 c o l o r  0 ( background c o l or ) 

01  c o l o r  1 

10  c o l o r  2 

1 1  c o l o r  3 

The p i xe l s  cont ro l l e d by t he two-b i t  b i t  p a t t e rns  i n  e ach b y t e  a r e  addre s se d  
i n  rev e r s e  o r de r :  

b i t  p a t t e rns  

p ixe l c o l o r s  

I n  o th e r  wo r d s , the  f i r s t  two-b i t  b i t  p a t t e rn i n  t h e  byte  d e t e rmines  the  
c o l o r  of  t h e  f ou r t h  p ix e l  cont ro l l ed  by t h a t  by t e .  The  s ec ond  b i t  p a t te rn 
de t e rmine s t he c o l o r  o f  the  t h i r d  p ixe l , t he t h i r d  b i t  p a t t e rn t h e  c o l or 
o f  the  s ec ond p ixe l , and t he l a s t  b i t  p a t t e rn t he c o l o r  o f  the  f i r s t  p ixe l . 

To d i sp l ay a s t r ing o f  f our  p ixe l s  in  a s ing l e  c o l o r ,  u s e  t he da t a  va l u e s  
f rom t h e  f o l l owing t ab l e : 

B= Co l o r  

0 0 

8 5 1 

1 7 0  2 

255  3 

To d i s p l ay p ixe l s  o f  d i f f e rent  c o l or s  w i t h i n  a s ing l e  by t e , you wi l l  have 
to c onve r t  the b i na ry rep r e s en t a t i on of the  c o l o r s  i n t o  a d a t a  va l ue . 

Ent e r  t h e  f o l l owing commands i n  d i rec t mode : 

COLOR 0 , 1 , 2 , 3 
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POKE 1 7 580 , 1 70 

Th i s  c ommand output s a s t r ing o f  four  green p i xe l s  i n  the  cent e r  o f  t h e  
s c r e en . N ow t ype  

POKE 1 7 581 , 236  

and  you ' l l  see  ano the r s t r ing of  four  p i xe l s , a l t e rnat ing y e l l ow and  r e d , 
on the  r ig h t  end  o f  t h e  green  bar  f rom the previous  POKE command .  

The f o l l ow i ng s imp l e  p rogram i l l u s t ra t e s  how POKE commands c an con t ro l the 
s c re e n  d i sp l ay f rom wi thin  a p rogram .  By poking t he memo ry l oc a t ions  o f  
t h e  s c reen  wi th v a r i o u s  va l ue s , you can d i sp l ay d i f f e rent  co l o r  p a t t erns . 
Ou r p rogram be l ow p r o duces  c o l o r f u l  ve r t i c a l  s t r ip ing a c r o s s  the  ent i re 
s c reen . You can POKE o th e r  v a l u e s  t o  the s c reen t o  d i sp l ay v a r i ab l e  p a t t e r n s . 
Wh i l e  t h i s  t echnique i s  n o t  p a r t i cu l ar l y  u s e f u l  f o r  a n ima t i o n , i t  c a n  p rovide  
an inte r e s t ing graph i c  d i s p l ay .  

1 0  REM-SCREEN POKES 
20 CLS : C OLOR 0 , 7 , 3 , 1 

3 0  POKE 1 9 2 1 5 , 25 
40 F O R  L= 1 6384 TO 1 8624 STEP 32 

50 FOR X= 1 TO 32 

6 0  POI<E L+X , X  

70 NEXT : NEXT 

80 A $ = I NSTR$( 1 )  

A c oup l e  o f  f ina l no t e s  about POKE and sc reen c o n t ro l : 

1 )  When  CLS i s  u s ed  t o  c l e a r  the s c reen , a l l  b i t s  a r e  r e s e t  t o  the  b a ckground  
co l o r . 

2 )  Rememb e r  t o  s ave any p rogram t h a t  con t a ins  POKE s t a t ement s  on t ap e  b e f o r e  
running t h e  p rogram , a s  i t  i s  p e r f ec t l y p o s s i b l e  t o  POKE y o u r  p rog ram 
r igh t out o f  ex i s t ence and l o se  a l l  your work . To avo i d  t h i s  f ru s t r a t ing  
exp e r i ence , make a hab i t  o f  CSAVE ing your  p r og rams dur ing p rogram 
deve l opmen t .  

F o r  f u r t h e r  i n f o rma t i on and examp l e s on f a s t  graph i c s , r e f e r  t o  the  image 
deve l opment  of the moving a i rp l ane and o ther  v i s ua l s  emp l oyed i n  the BOMBS 
AWAY ' P rogramming Tu t o r i a l .  The p r ogram comb ine s BAS I C  and mach ine l anguage 
p r o g r amming and is  s u i t ab l e  f o r  s tu�y and exp l o r a t ion  of y e t  anothe r f ac e t 
o f  graph i c s  deve l opmen t .  

The Ve c t o r  G raph i c s  S ubrout ine s p ackage p rovides  the BAS I C  u s e r  w i t h  c a l l ab l e  
subrou t i ne s f o r  very f a s t  ve c t o r  and t r iang l e  p l o t t ing . The p ackage i s  
u s e f u l  f o r  p rog rams that  u s c  spoke s , windsh i e l d  w i p e r  wip e s , t r i angl e s , 
l a rge , f i l l e d  c i rc l e s , r o t a t ing c l ock hands ( a s  in the  ' 'MY GRANDFATHER ' S  
CLOCK" BAS I C  p rog ram ) . Cons u l t the Micro  Video  P ro duc t C a t a l og f o r  i n fo rma t ion  
on p r i c ing and  how t o  o rder  t h e s e  i t ems . 
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Graphic  Guide l ine s 

For  e f f e c t ive  v i s u a l  p r e sent a t i ons , we recommend t h e  f o l l owing g u i de l ine s :  

1 )  Cho o s e  c o l o r  c omb i n a t ions  c a r e fu l l y .  They sho u l d  b e  a t t r a c t ive , r e adab l e , 
and r e l a t e d  t o  the  p rogram ' s g raph i c s . 

2 )  Avo i d  t e d io u s  v i su a l  d e ve l opment . U s e  rout ine s o r  t echn i qu e s wh ich  
c ap t iv a t e  the  v i ewe r s ' ima g ina t ions . 

3 )  Add s u rp r i s e  t o  your  g r ap h i c  image d e ve l opment  whe r e v e r  p o s s i b l e-
by unexpec t e d  ending s , t one s and s ound s , or  vary i ng s p e ed s .  

The J anuary 1 98 1  i s sue  o f  C re a t ive  Comp u t ing f ea t u r e s  an a r t i c l e  o n  the  
"CROWD STOPPER" wh ich  c o n t a ins  many mo re  sugge s t i ons  for  imp r o v i ng graphic  
screen  deve l opment . 
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STRUNG OUT 

( S t r ing Hand l ing)  

In  BAS I C  t e rms , a s t r ing is  a l i s t  of  a l phanume r i c  c h a r ac t e r s . JOHN JONES , 
YOU WIN , AND WOW ! a r e  a l l  s t r ing s . You c an u s e  s t r ings  in  BAS I C  a s  e i th b r  
s t r ing c ons t a n t s  o r  s t r ing var i ab l e s . Howeve r ,  y o u  mus t  have a way t o  
t e l l  BAS I C  t h a t  you  a r e  working w i th s t r ing i n f o rma t i on ra ther  than numer i c  
va l ue s . Y o u  do  t h i s  by  add ing a do l l a r  s ign ( $ )  a t  t h e  e n d  o f  a var i ab l e  
name o r  b y  enc l o s ing a s t r ing c ons tan t  i n  quo t a t ion mark s . 

STRING VARIABLES STRING CONSTANTS 

S$  "YOU WIN" 

NM$ ( 4 )  "NEW YORK , NY" 

M$ ( 3 , I )  " $ 3 2 4 . 45"  

A s t r ing c a n  vary  in  l ength  f rom z e ro charac t e r s  ( we c a l l these  " nu l l "  
s t r ing s )  t o  a max imum o f  2 5 5  charac t e r s . A s t ring  may c on t a in a l phabe t i c 
and nume r i c  charac t e r s , punc t ua t i on ma rks , spec i a l  charac t e r s , and b l ank s .  

When you  RUN a p ro gram , a l l  s t r ings a r e  ini t i a l i z e d  a s  nu l l  s t r i ng s . 

As s t r ings cont a i n  a d i f f e rent  type o f  i n f o rma t ion  f rom nume r i c  v a r i ab l e s , 
there  i s  a d i f f e re n t  s e t  o f  func t ions  and op e r a t o r s  f or wo rking wi th t h em . 
The LEFT$ , MID$ , and RIGHT$ f unc t i ons  i s o l a t e  a s pe c i f i e d  numb e r  o f  charac t e r s  
f rom t h e  l e f t , m i dd l e ,  a n d  r ight o f  a d e s igna t e d  s t r ing a n d  p l ac e  t h e  r e s u l t 
in a new s t r ing . There  a re no ana l ogous f unc t i ons  f o r  working w i th nume r i c  
va r i ab l e s . 

You ' l l  no t i c e  t h a t  f unc t ions  wh i ch re t u rn a s t r ing va l ue a lway s  have a 
" $ "  a t  the  end  o f  t h e i r  n ame s--INSTR$ , STR$ , INSTR$ , and CHR$ . E ach o f  
the s t r ing hand l ing f unc t i ons i s  docume n t e d  f u l l y ,  a l ong w i t h examp l e s  
o f  the i r  u s age , i n  t h e  Re f e rence S e c t i on .  

The " + " o p e r a t o r  a l so t ak e s  o n  a d i f f e rent  meaning when y o u  u s e  i t  t o  work 
wi th s t r ings . I t  become s a concatena t i on ope r a t o r  t h a t  s ay s : "Tack the 
second s t r ing o n t o  t he end  o f  t h e  f i r s t  s t r ing . "  L e t ' s  e xamine how a f ew 
o f  the s e  s t r ing f unc t i on s  and ope ra t o r s  work . F o r  the  t ime be ing , we ' l l 
wo rk i n  d i re c t  mode s o  t h a t  we can s e e  the re t u rned  r e su l t s  q u i ck l y . 

We ' l l s t a r t  b y  i ni t ia l i z ing two s t r ings w i t h  the  f o l l owing a s s ignmen t  s t a t e
men t s :  

F$ =! "MADAME" 
$ = "BOVARY" 

Now , l e t ' s  ve r i f y  t h a t  the  s t rings  were  s t o r e d  co r r e c t l y  by d i s p l ay ing 
them . 
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IQ;II�iMi� 
MADAME 
1QiJ+§iM4� 
BOVARY 

Nex t , we ' l l l o ok a t  how we c an man i p u l a t e  t h e s e  s t rings  wi t h  t h e  LEFT$ , 
RIGHT$ , and  MID$  f unc t i ons . 

? LEFT$ (F$ , 3 ) 
MAD 

? RIGHT$ ( F$ , 4 )  
DAME 

? MID ( F$ , 2  3 ) 
ADA 

We can u s e  the  " + "  o p e r a t o r  t o  conca t ena t e  the  two s t r ings : 

M I =' F + L$ 

iEm 
MADAMEBOVARY 

You s e e  t h a t  t h e  conc a t ena t i on i s  comp l e t e--there  are  no b l ank s p a c e s  b e twe en 
the s t r i ng s .  We c an i n s e r t  a separat ing b l ank into the  c onc a t en a t e d  f u l l  
name b y  add ing a b l ank s t r ing t o  the concatena t i o n  o p e r a t ion . 

M$[ + F $ + I I  II + L 

iEm 
MADAME BOVARY 

One a t t r ib u t e  o f  a s t r ing i s  i t s  l ength . Length i s  a numer i c  v a l u e  t h a t  
i s  e qua l t o  the  numbe r  o f  charac t e r s  cont a ined i n  t h e  s t r ing . The L E N  f unc t ion 
re turns t h a t  va lue . 

kMft@ti§!Uil 
1 3  

I f  LEN r e t urns  a va l u e  o f  z er o , i t  means t h e  s t r ing i s  nu l l ,  o r  emp t y . 
I f  you  want t o  s e t  a s t r ing  t o  emp t y  dur ing the  c o u r s e  o f  a p rogram , s imp l y  
a s s i gn t h e  s t r ing var i a b l e  t o  a nu l l  s t r i ng , de l im i t e d  by two i mme d i a t e l y  
a d j acent  quo t a t i o n  mark s . 

tmlM'"" 

A p r imary u s e  o f  t h e  LEN f unc t ion i s  in  the p o s i t i on ing o f  s t r ing i n f o rmat ion 
on the  s c re e n . To c e n t e r  i n f o rmat ion on the  screen , f o r  e xamp l e , you  mus t  
know the  l ength  o f  the  s tr ing s o  tha t you c an comp u t e  t h e  v a l ue o f  t h e  X 
var i ab l e  i n  t h e  OUTPUT s t a t ement . S ince the  width  o f  the  s c re e n  i s  1 1 2  
p ix e l s ,  the  m i d-p o in t  on the  h o r i z ont a l  a x i s  i s  a t  an X-va l ue o f  5 6 . Cha r a c t e r s  
a re s ix p ixe l s  wide , s o  you  have to  backspace  t h r e e  p ixe l s  f rom t h e  c e n t e r  l ine 
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f o r  each  l e t t e r  in  the s t r ing to  be d i sp l ay e d .  I f  you  want  t o  center  the 
s t r ing s to r e d  in F $ , then type the f o l l owing s ta t ement to c ompute  the value  
o f  X :  

I '= 56-:3*LEN'( F$ )  

To cont inue w i th o u r  d i re c t  mode examp l e , l e t ' s  o u t p u t  t he two s t r ings  
"MADAME " and " BOVARY" o n  two  c e n t e red  l ine s .  

UTPUT F$,X 66,1  

No t e  that  we  can use the  var iab l e  X i n  the  command to  d i sp l ay F$  ( "MADAME" ) , 
bec a u s e  we d e f ined  X f o r  F$  p r e v i ou s l y  i n  d i re c t  mode . We  mu s t  c omp u t e  
t h e  X-c o o r d i n a t e  f o r  L$ , howeve r ,  because  the  s t r in g  may be  a d i f f e re n t  
l e ng t h . ( I n t h i s  c a s e  they happen t o  be t he s ame . ) 

D a t a  Mode  Conve r s io n s  

In  I n t e ra c t  BAS I C , a va r i ab l e  e x i s t s  in o n e  o f  two mo des--nume r i c  o r  s t r ing . 
Wh i l e  o ther  l anguage s may have a dd i t i ona l mode s ( in t eger s , doub l e  p rec i s ion , 
e t c . ) ,  we n e e d  t o  be  c once rned wi th o n l y  t he s e  two mode s .  

You may o c c a s iona l l y  have the need  t o  c onve r t  d a t a  f rom one mode t o  t he 
o t h e r  f o r  p roc e s s ing . The VAL and STR$  func t i ons  f ac i l i t a t e  t h i s  conve r s ion . 
The VAL func t i on t ake s nume r i c  data  that  i s  s t o re d  i n  a s t r ing and c o n ve rL S  
it i n t o  a nume r i c  v a r i ab l e  that may be man ipu l a t e d  i n  the  s ame way as any 
o t h e r  nume r i c  va r i ab l e .  F o r  examp l e , l e t ' s  s ay we have a p rogram that  
no rma l l y accep t s  nume r i c  i n f o rma t ion in  response  t o  INPUT s t a t eme n t s in  
the  p rogram . We  may , howeve r ,  want  t o  be ab l e  t o  enter  non-nume r i c  i n f o rma t i on 
such a s  HELP o r  END to  communi c a t e  wi th  and con t ro l  the  p rogram f l ow in  
a s t r a i gh t f o rwa rd manne r .  I f  an INPUT s t a t emen t  reque s t s  nume r i c data  
and  you  type  HELP , the  e r ror  me s s age " ?REDO FROM S TART" is  d i s p l ayed  and 
the INPUT p romp t repe a t e d . Th i s  can ba f f l e  the f i r s t - t ime u se r .  Tha t 
e r r o r  me s s age i s  bui l t  i n t o  BAS I C--the re ' s  no  way we c an s uppre s s  i t s  p r i n t ing . 

An a l t e rna t e  method  o f  handl ing t h i s  p rob l em wou l d  b e  t o  i nput  a l l  the  
da t a  in  t h e  p rogram a s  s t r i ng d a t a , then  check each  s t r ing t o  sec  if  i t  
beg i n s  w i t h  one o f  the accep tab l e  keywo rds . I f  i t  d i d , then  the  reque s t ed  
task  wou l d be p e r f o rme d ,  such a s  p r i n t ing a h e l p f u l  me s s age . I f  i t  d id  
no t ,  t h e  p rogram wou l d  a s s ume that  the  s t r ing i s  r e a l l y  nume r i c  data  and  
use  the VAL func t i on t o  p l ace  th (' " s t r ing" data  va l ue i n t o  a nume r ic v a r i able . 
The s amp l e  p rog ram on the  f o l l owing page i l l u s t ra t e s  the  c oncep t o f  conve r t ing 
da t a  mode s .  The p ro gram accep t s  nume r i c  s tudent  numb e r s  o r  the keywo rd 
"END " . 
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300 CLS : COLOR 0 , 1 , 7 , 3  

3 1 0  CLEAR ( 30 0 ) 

320 OUTPUT " ENTER STUDENT " , 1 0 , 66 , 1 
330 OUTPUT " NUMBER OR TYPE " , 1 0 , 60 , 1 

340 OUTPUT " '  END' " ,  1 0 , 54 , 1 

350 W I N DOW 4 8  

360 INPUT F-'$ 

370 IF PS= " END " GOTO 1 000 

380 P=VALC 1-'$ ) 
399 REM-CODE GOES HERE TO WORK W I T H  

4 0 0  REM- STUDENT , P .  

4 1 0  REI1 

4 1 2  P R I NT " G OOD S TUDENT I "  

420 GOTO 300 

999 REM- WRAPUP PROGRAM 

1 00 0  CLS 
1 5 0 0  PRINT " DONE " 

1 5 1 0  END 

The reve r s e  proce s s  u s e s  the  STR$ f unc t ion t o  make a s t r ing v a l u e  out o f  
any g i ven numb e r . F o r  e x amp l e , 

B$  = STR$ ( N )  

t ake s t h e  nume r i c  va l ue o f  N and s tore s i t  i n  s t r ing f o rmat i n  B $ . Th i s  
c an b e  u s e f u l  i n  f o rma t t ing c o l umna r  d a t a  i n  p r i n t e d  report s .  S e e  the  R S 2 3 2  
Loan Eva l u a t o r  p rogram t o  examine a n  app l i c a t i on t h a t  u s e s  t h i s  c onc e p t  
ex t e n s i ve l y .  

String Inpu t f rom the Keyboard 

The re a r e  t h r e e  way s in  wh ich you c an accept  s t r ing d a t a  f rom the keyb o a r d  
in  p rog rams : 

INPUT S tatement INPUT B$ 

INSTR$ ( n )  C = INSTR$ ( 1 )  

Keyboard Peeks IF PEEK( 2 4 5 2 9 ) "N" THEN • • •  

L e t ' s  examine e ach  o f  t h e s e  approache s in mo re d e t a i l .  
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The I NPUT s t a t ement i s  by f a r  t h e  mo s t  c ommon approach . I NPUT i s  us ed 
in sever a l  examp l e s  throughout t h i s  manua l .  You c an type  a s t r i ng any 
l ength  in r e sponse  to t h e  I NPUT " ? "  p romp t . W i t h  I NPUT d a t a  e n t ry , a l l  
o t h e r  p r oc e s s ing s to p s  unt i l  the input ope r a t i o n  i s  c omp l e t e . You mu s t  
p re s s  t h e  " CR "  k e y  t o  ent e r  the d a t a  b e f o r e  t h e  n e x t  s t a t ement in  t h e  p rogram 
can b e  execu t ed . I n  add i t i on , i f  the i n f o rma t i on b e ing e n t e r e d  cont a in s  
embedded  c omma s t h a t  are  t o  be cons i d e r e d  p a r t  o f  t h e  s t r i ng a s  opp o s e d  
to  separa t o r s  be twe en s t r ings , then s u c h  s t r i ngs  mu s t  be  enc l o s e d  in  quo t a t i on 
marks when t hey a re ent e re d .  

? "CHI'CAGO, ILL" 

i s  accep t e d  a s  a sing l e  s t r ing in r e sponse t o  t h e  input  que ry , wh i l e  

? "CHICAGO" "lL" 

o r  

i s  a c c ep t e d  a s  two s ep a r a t e  s t r ings wh ich wi l l  be  r e a d  i n t o  two s t r ing 
var i ab l e s .  As a numb e r  o f  t yp ing e r rors  can  e a s i l y  be made when  a t temp t ing 
t o  p l ac e  quo t a t ion  marks a round s t r ing inpu t , we s ugge s t  t h a t  your programming 
techn i qu e s  work t owa r d  r e duc ing or e l imina t ing ent i r e l y  the c a s e s  in wh ich  
quo t e s  a r e  r e qu i re d . 

The INSTR$ ( n )  f unc t ion i s  t he mo s t  u s e f u l  in  a c c e p t ing sho r t  s t rings  o f  
informa t i o n  f rom t h e  keyboard . W i t h  INSTR$ , you  a re f re e d  f rom having 
to  p re s s  "CR"  t o  e n t e r  the  s t r ing . The mo s t  c ommo n  u s e  o f  the I NS TR$ func t ion 
i s  a s  a " p a u s e  c on t ro l " . The s t a t eme nt  

A$ = INSTR$ ( 1 )  

ha l t s  prog ram exec u t i on unt i l  you s t r ike a key , any key , o n  t he keyboar d .  
The v a l ue s t o r e d  i n  A$ i s  n o t  impo r t ant , a l t hough i t  c an b e  u s e d  f o r  d i s p l ay ,  
cond i t i ona l t e s t ing , o r  o ther  purp o s e s i n  t h e  p ro gram i f  d e s i re d .  

You c an a l so u s e  t h e  INSTR$  cons t ru c t  t o  a sk f o r  YES / NO ( Y  o r  N )  i nput  
f r om t h e  keyb o a r d  or  i n  menu s e l ec t ion . I n  t h i s  c a s e ,  the  va l ue of  t he 
s t r ing var i ab l e  i s  t e s t e d  t o  d e t e rmine wha t  o p e r a t ion  t h e  c omp u t e r  wi l l  
sub s e quen t l y  p e r f o rm .  The f o l l owing p rogram i l l u s t ra t e s  u s ing IN STR$ ( 1 )  
t o  s e l ec t  a d i f f i c u l t y  l e ve l in  a game by typ ing the  f i r s t  cha r a c t e r  o f  
the l eve l ' s  d e s c r ip t i on . The charac t e r  typed  d e t e rmine s t he v a l u e  o f  the  
nume r i c  va r i ab l e , D ,  for  p rogram d i f f ic u l ty . A l though it  is  n o t  i l l u s t ra ted  
here , 0 wou l d  then p r e s umab l y  be re f e renced l a t e r  i n  the  p rogram code  during 
game p l ay . 
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20 GOSUB 1. 00 

22 P R I NTD 

�:Jg END 

100 CLS : COLOR 7 , 1 , 2 , 4  

1 1.0 OU TPUT " LEVEL OF PLAY ? " , 1 5 , 66 , 1 

120 OUTPUT " E  EASY " , 27 , 54 , 2  

130 OUTPUT " I  INTERMED . " , 27 , 48 , 2  

140 OUTPUT " D  D I FF I CULT " , 27 , 42 , 2  

1 50 OUTPUT " S  S U I C I DE " , 27 , 36 , 2 

160 A$= I NSTR$C l )  

170 IF A$= " E "  THEN D= l : RETURN 

1 80 IF A$= " I "  THEN D=Z : RETURN 

180 IF A$= " D "  THEN D=3 : RETURN 

200 I F  A$= " 5 "  THEN D=4 : RETURN 

2 1 0  GOTO 1 60 

Peeking the Keyboard 

The l a s t  method  we ' l l c o n s i d e r  f o r  accept ing charac t e r  d a t a  f rom the keyboard  
is  the  "keyb o a r d  peek" . Th i s  t echn ique emp l oy s  the PEEK f unct i on t o  e xamine 
a s p ec i f i c memory l oc a t i on wh ich i s  known t o  con t a i n  the  ASC I I  val ue o f  
the l a s t  c h a r a c t e r  depre s s e d  on the keyboa r d .  Because  o ther  audio  and v i s u a l  
e f f e c t s  a r en ' t inh i b i t e d b y  t h e  wa i t  f o r  input , a s  they a re w i th b o th INPUT 
and INSTR$ , keyboard p e eking c an p rovide a me thod f o r  keep ing the s c r een  
a c t i ve wh i l e  awa i t ing i npu t . 

The f o l l owing p rog ram i l l u s t ra t e s  a game tha t doe s not  s t a r t  unt i l  the  space  
bar  is  depre s se d .  You  might  u s e  such a techn i que f o r  una itended game o p e r a t i on 
in wh ich you  want the p rog ram t o  " i d l e "  i f  no one i s  p l ay ing the  game . 
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5 CLS : COLOR 0 , 7 , 1 . 3  
10 POKE 1 92 1 5 , 25 

20 G OSUB 1 0 0  
2 2  CLS : COLOR 0 , 7 , 1 , 3  

25 O UTPUT " SHORT GAME " , 25 , 60 , 1 
30 O U TPUT " HUH ? " , 42 , 54 , 1 

40 FOR Q= 1 TO 1 000 : NEXT 

45 CLS 

50 GOTO 20 
100 POKE 24529 , 0  
1 1 0  O UTPUT " PLAY W I T H  ME � " , 1 8 , 60 , 1 

1 15 O UTPUT . H I T  SPACE - BAR " , 15 , 1 8 , 3  

1 1 6  OUTPUT " TO START " , 32 , 1 2 , 3  
120 I F  PEE K ( 24529 ) =3 2  THEN RETURN 

130 COLOR 0 , 1 , 3 , 7  

1 40 FOR Q= l TO 30 : NEXT 

150 C OLOR 1 , 0 , 3 , 7  
160 F O R  Q= l TO 3 0 : NEXT 

170 GOTO 1 20 

The memo ry l oc a t i o n  whe re the  ASCII  c ode f o r  the  l a s t  c h a r a c t e r  e n t e r e d  
i s  s t o r e d  i s  24529 . To u s e  t h i s  in a p rogram, you mu s t  f i r s t  s to r e  a z e r o  
i n  t h i s  l oc a t ion t o  d e s t r oy a l l  record  o f  p a s t  charac t e r s .  You can then 
e s t a b l i sh a p rogram l oop that  l ooks for a va l ue of  3 2  in that l oc a t i on .  
I f  i t  f inds  a va l u e  o f  3 2  there , then p rogram exe c u t ion  r e s t a r t s . 3 2  i s  
the AS C I I  va l ue o f  the  space  b a r , a s  c an b e  s e en i n  the  ASC I I  cha rac t e r  
tab l e  incl u d e d  w i t h  t h e  CHR$ e n t ry in  t h e  R e f e rence S e c t ion . 

S to r ing S t rings on Tape 

The CSAVE and CLOAD commands  l e t you wr i t e  and r e a d  d imen s i oned nume r i c  
a r r a y s  t o  c a s s e t t e  tape . F o r  examp l e , t h e  s t a t eme nt 

C SAVEo'cz 

cop i e s  a l l  o f  the  d a t a  i n  the nume r i c  a r ray named Z t o  c a s s e t t e  t ape , p rovid ing 
t h a t  a tape  h a s  been  moun t e d  in the tape  deck and t h a t  the  READ and WRITE 
c a s s e t t e b u t t ons have been  depre s s ed . 

How d o  you  c opy the  conten t s  o f  a s t r i ng o r  s t r ing a r ray t o  t ap e ?  

CSAVE1cA$ 

wou l d  s eem the  n a t u r a l app roach , but t h i s  won ' t  wo rk . I n s t e a d , you mu s t  
conve r t  t h e  s t r i ng chara c t e r s  i n t o  the i r  ASC I I  e qu i va l ent  c o d e s  and s to re 
them i n  a nume r ic a r ray . Then , i f  you s ave t h a t  nume r i c  a r r ay ,  you a r e  
e s sent i a l l y  s aving t h e  s t r ing d a t a  t o  t ape . 

When you want to r e a d  the  data back i n ,  you ' l l  CLOAD the d a t a  b ack i n t o  
a nume r i c  a r ray , t h e n  c onve r t  the  nume r i c  d a t a  b a c k  t o  i t s  s t r ing f orm 
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w i th the  CHR$ func t i on .  

Two s ub r o u t i ne s  t h a t  c an b e  i n c luded  i n  your  p rograms f o r  d a t a  conve r s i o n  
a r e  l i s t e d  be l ow .  N o t e  t h a t  t h e  l ength o f  t h e  s t r ing i s  wri t t en t o  t a p e  
in t h e  f i r s t  wo r d  o f  t h e  a rray . I f  you do  a GOSUB 3 00 w i th in a p ro g r am 
con t a i n ing  t h e s e  s ubrou t ine s , y ou can wr i t e  the s t r ing S $  t o  t ap e . To  r e a d  
the da t a  b a c k  i n t o  the  s t r ing S $ , p e r f o rm a GOSUB 400 . The nume r i c  a r r ay , 
B ,  ( f o r  �u f f e r )  i s  an a r ray f o r  working s t o rage wh ich  mu s t  be  d imen s i oned 
suf f i c i e n t l y  l ong i n  the  c a l l i ng p r ogram t o  con t a i n  the  l onge s t  s t r ing . 
F o r  e x amp l e , you  might  b e g i n  t h i s  p rogram w i th the  s t a t emen t s  

1 0  DIM B ( 50 )  
20 S $  = "MICRO VIDEO" 
30 GOSUB 300 

I f  you want t o  run t h i s  program t o  t e s t  the subrout ine s ,  b e  s u re t o  po s i t i o n  
the  tape  c o rrec t ly f or t h e  r e a d ing a n d  wr i t ing o p e ra t ions . I n  an a c t u a l  
p rog ram , you  wou l d  want t o  inc lude t ape p o s i t i on ing ins t ruc t i ons  a n d  t h e  
REWIND command in  y o u r  program l og i c  t o  f ac i l i t a t e t h e  p ro c e s s . 

289 REM-TO TAPE SUBROUT I NE 

300 B C 1 ) =L EN C S$ ) + 1  
3 1 0  I F  B C 1 ) = 1  THEN CSAUE* B : RETURN 

320 FOR 1=2 TO B C 1 )  

330 LS=M ID$C S$ , J - 1 , J )  

340 B C J ) = ASC C L$ )  

350 NEXT 

360 C SAVE•B : RETURN 

380 REM 
389 REM - FROM T APE SUBRO U T INE 
400 5S= " · : cLOAD•B 

4 1 0  I F  B ( 1 ) = 1  THEN RETURN 

420 FOR J=Z TO B C l )  

430 S$=SS+CHRS C B C J ) ) 
440 NEXT : RETURN 

A s l i gh t l y  more s op h i s t i c a t e d  approach can be u s e d  in  wh i c h  t h r e e  charac t e r s  
c a n  b e  " p acked"  i n t o  each  p o s i t ion o f  the B a rray . Consu l t  the  DATALOG 
p r o gr am l i s t ing f o r  mo re  i n f o rma t ion  on how t o  u s e  t h i s  s to rage  t echn i que . 
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INTERACT GAMESMANSHIP 

( Contro l l er  Input ) 

You s ay you  want t o  p ro gram an a c t i on game ? You wan t  i t  t o  be  a one-p e r s on 
game u s ing the  e n t e r t a i nment contro l l e r ? You want s ome v i sua l exc i tement , 
sound e f fe c t s , and a l i t t l e  s t ra t egy r e q u i r e d  t o  g e t  a h igh s c o re ? Ha ve 
we go t a game f o r  you ! I n  t h i s  chap te r ,  we ' l l s e e  h ow we c an t ake an i de a , 
deve l op i t  a p or t ion a t  a t ime , and end up w i th an e n t e r t a i n ing a c t ion 
game i n  BAS I C .  O u r  game w i l l i l l u s t ra t e  the  u s e  o f  the  F I RE and JOY f unct ions 
t o  c on t r o l  the  a c t ion  in the game . 

Our i de a  f o r  t h i s  game i s  a va r i a t ion o f  the  p op u l a r  EARTH OUTPOST I mach ine 
l anguage game , a d a p t e d  to the BAS I C  envi ronmen t .  In the p rog ram , we ' l l 
have o u r  own E a r th S t a t ion  tha t wi l l  be ab l e  t o  move l at e ra l l y  a c r o s s  the  
s c r e en und e r  j oy s t ick  c on t ro l . When the  p r o g r am i s  c omp l e t e d ,  we ' l l be  
ab l e  t o  shoot  down f ixed  t arge t s  i n  a b l ack sky and s c o r e  p o i n t s  b a s e d  
on how many t a rge t s  w e  h i t . We don ' t  want the  g ame t o  r u n  end l e s s l y ,  so  
we ' l l use  an i n t e rna l c l ock t o  cont ro l the l ength of  the  g ame i n  a t iming 
l oop . The ob j e c t  o f  the  game wi l l  be t o  de t e rmine the o rd e r  in  wh i ch the 
t a rge t s  shou l d  be  a t t acked  t o  get the h ighe s t  p o s s i b l e  s c o r e  w i t h i n  the  
game p e r io d . We ' l l do  a l l  t h i s  in  on l y  one p age of  BAS I C  c ode ! 

We ' l l s t a r t , o f  c o u r s e , by typ ing the NEW command i n  d i r e c t  mode t o  p repare  
the  c omput e r  for  e n t ry of  a new p rogram.  Our  f i r s t  p ro gram l ine  w i l l  be 
a REM l i ne to i den t i fy the  p rogram for f u t ur e  gene r a t ions  o f  a dmi r e r s . 
Then , we ' l l c l e a r  the s c reen and s e l e c t  the  co l o r  s e t--a b l ack background 
with  r e d ,  wh i t e , and ye l l ow f o reground c o l o r s . We ' l l draw t he g r ound a rea  
and a l ine a c r o s s  the  top  of  the  s c reen t o  d e f ine  t h e  p l ay ing a rea  i n  r e d , 
us ing two s ing l e  M i c ro s o f t  8K BAS I C  PLOT s t a t ement s .  Tha t ' s  enough t o  
s t a r t  w i th . . •  l e t ' s l ook a t  how we ' d  put  t h i s  i n t o  o u r  i n i t i a l  p rog ram l ine s .  

1 0  REM*** M I CRO ARCADE *** 

20 CLS : COLOR 0 , 1 , 3 , 7  
30 PLOT 1 '  1 '  1 '  1 1 2 ,  1 0  
40 PLOT 1 . 70 , 1 , 1 1 2 , 1 

50 A$=I NSTR$ ( 1 )  

N o t e  t h a t  we ' ve u s e d  the INSTR$ f unc t i on in  l ine 5 0  t o  h o l d  the  s c reen 
image a f t e r  i t ' s  d r awn , s o  the  BAS I C  "OK" p romp t and s c ro l l ing won ' t  appear 
imme d i a t e l y . We ' 1 1  t ake t h i s  l ine out , of  c o u r s e , as  we p roceed  w i th deve l op
men t o f  the p rogram .  

Nex t , we ' l l a d d  the  charac t e r  t o  rep r e sent  our  E a r t h  S t a t ion  and deve l op 
a subrou t ine  t o  move i t  back and f o r t h  a c ro s s  the s c reen  w i thout  exc e e d i ng 
the  s c reen  l imi t s  in  e i th e r  d i r e c t ion . I n  l ooking t hrough the  non- s t anda rd 
charac t e r s , a s  d e s c r ib e d  in the  Graph i c s  chap t e r  ( 3 - 1 1 ) , we f ind that  a 
CHR$ ( 6 )  s e ems  l ike  a reas onab l e  charac t e r  t o  u s e  f o r  the  E a r t h  S t a t i on ,  
s o  we ' l l s t o re i t  in a s t r ing va r i ab l e  name d GUN $ . We ' l l choose  a random 
s ta r t ing ( X )  p o s i t ion  f o r  the  S t a t i on ,  then OUTPUT the  S t a t ion  at that  
random p o in t . ( Th e s e  s t ep s are  done on l i nes  50-60 of  the  l i s t ing on the  
f o l l ow i ng p age . )  
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) 

To e s t ab l i sh the  dura t i on o f  the game , we ' l l c re a t e  a l oop t h a t  checks  
rep e a t e d l y  for  movement  o f  the  j oy s t i ck l eve r v i a  a subrout ine . I f  the  
j oy s t i ck l eve r is  moved  t o  the  l e f t  o r  r ight , we ' l l p a s s  p rogram c on t r o l  
t o  a s ub ro u t ine t h a t  move s the  S t a t i on t o  the l e f t  o r  r ight i n  inc r ement s 
o f  2 p i xe l s .  A t  the end o f  t h i s  dura t i on ,  o r  t iming , l oop , we ' l l t e rm i na t e  
the p rogram w i t h  a n  END s ta t ement . 

10 REM ••• M I CRO ARCADE * * *  

20 C LS : COLOR 0 , 1 , 3 , 7  

30 PLOT 1 , 1 , 1 , 1 1 2 , 1 0  

40 PLOT 1 , 70 , 1 , 1 1 2 , 1 

50 X =RND C 1 ) * 1 00+5 

SZ G UNS=CHR$ ( 6 )  

50 OUT PUT GUN$ , X , 1 6 , 2  

70 FOR T = 1  TO 500 

1 00 G OSUB 300 

280 NEXT 

295 END 
300 O N  JOY C 0 )  GOTO 360 , 38 0  
3 1 0 RETURN 

360 I F  X< 6 T HEN RETURN 

362 X=X - 2  
364 OUTPUT G UN$ , X+2 , 1 6 , 0  
365 GOTO 385 

380 I F  X > 1 1 2 THEN RETURN 

382 X =X+2 

384 O UTPUT GUN$ , X - 2 , 1 6 , 0  

385 OUTPUT GUN$ , X , 1 6 , 2  

390 RETURN 

The subrou t ine t h a t  s t a r t s  a t  l ine 3 00 checks the j oy s t i c k  p o s i t i on on t h e  
l e f t  cont ro l l e r  v i a  the  JOY ( O )  func t ion c a l l .  S ince o u r  S t a t i on can  move 
on l y  l a t e r a l l y , we ' re o n l y  i n t e r e s t e d  in  two v a l u e s  ( Le f t=l , R ight=2 ) .  
We c an t he re f o re u s e  the ON . . .  GOTO c ons t ruc t ion t o  t rans f e r  p r o g ram c o n t ro l 
to  l ine 3 60 o r  3 80 i f  a va l ue o f  1 o r  2 i s  re t urne d , r e s pe c t i ve l y .  Al l 
o t h e r  va l u e s  o f  JOY ( O )  s imp l y  p a s s  c on t ro l t o  the  next  s t a t ement , a RETURN 
s t a t emen t  t h a t  re turns  c on t ro l  t o  the  ma in p rog ram dura t i on l oop . 

Be f o r e  we incremen t  X ( l ine 3 8 2 )  o r  dec rement i t  ( l ine 3 6 2 ) , we mu s t  f i r s t  
check t o  s e e  t h a t  w e  have n o t  exceeded  the l imi t s  o f  the s c r een . I f  we 
have , we RETURN to the  next i t e rat ion o f  the ma in p rogram l oop . I f  we can  
move , we ' l l mod i fy the  v a l ue o f  X ,  e ra s e  the o l d  S t a t i on by red rawing i t  
in  the b ackground c o l o r  in e i the r l ine 3 6 4  o r  3 8 4 .  F ina l l y ,  we OUTPUT t h e  
new p o s i t i on o f  t h e  S t a t i on a t  p o s i t ion X i n  l ine 3 8 5 , t h e n  r e t urn t o  the  
nex t i t e r a t i on of  the ma in p rogram l oop . 

We shou l d  check t h i s  p rogram a t  t h i s  s t age o f  deve l opment  t o  be  sure  i t ' s  
op e r a t ing c o r re c t l y  be f o re the  " p l o t  thickens"  ( i f y ou ' l l pa rdon the pun ) . 
Oop s ' We f orgo t s ome th ing . I n  o rder  t o  d i sp l ay t he chara c t e r  i n  CHR$ ( 6 ) , 
we have t o  s e t  BAS I C ' s  p o i nt e r  t o  the cha rac t e r  t ab l e  by u s i ng the  i n s t ru c t i on 
PRINT CHR$ ( 8 )  ( the  backspace  cha ra c t e r ) . We ' l l do t h i s  i n  l i ne 5 1 . 
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Now t h a t  we ' ve deve l op e d  our  ba s i c  s c reen  image and o u t p u t  the  S t a t ion , 
we need  t o  p l ace  s ome random " t arge t s "  i n  t he n igh t t ime sky . We ' l l do 
t h i s  i n  a subrou t ine t h a t  indexe s in  the X-d i r e c t ion  two pixe l s  a t  a t ime 
and random l y  p l o t s  s ing l e  p ixe l s  in the sky ( l i n e s  7 00-7 6 0 ) . F i f ty pe rcent 
of  the t ime we ' l l p l o t  a point  s omewh e r e  a l ong t he Y ve r t i c a l  l i ne , so  
that  a bul l e t  w i l l  encoun t e r  a t  mo s t  one t arge t a l ong any g iven ve r t i c a l  
t r a j e c t o ry .  Once a t a r g e t  i s  h i t , we ' l l s t op t h e  bu l l e t ' s  upwa r d  movemen t . 
Wi thin  t h i s  subrou t ine , we ' l l a l s o s e t  t he game s co r e  va r i ab l e , Z ,  t o  z e ro , 
f o r e shadowing t h e  conc e p t  o f  a u t oma t i c game r e s t a r t . S ince  we ' re p l ac i ng 
the t a rg e t s two p ix e l s  a p a r t  a t  the c l o s e s t , and t h e  S t a t ion  moves  in  two
pixe l inc r emen t s , i t ' s  imp o r t ant  tha t the ship  a l way s s t a r t  on an even 
p ixe l l o c a t i o n . The re f o re , we ' l l reth ink our o r i g ina l r andom p o s i t ion ing 
o f  t h e  s t a t i on and d e c i de t o  s e t  the i n i t i a l  p o s i t i o n  o f  t h e  ship  a t  50  
( l ine 50 )  in s t ea d . Our  p rogram now l ooks l ike t h i s :  

1. 0 REM*** M I CRO ARCADE •** 

20 C L S : COLOR 0 , 1 , 3 , 7  

3 0  PLOT 1 , 1 . 1 , 1 1 2 , 1 0  

4 0  PLOT 1 , 70 , 1 , 1 1 2 , 1 

50 X=50 

5 1  PR I NTCHR$ ( 8 )  

5 2  GUN$=CHR$ ( 6 )  

60 O U T P U T  GUN$ , >< , 1 6 ,  2 

65 GOSUB 700 : REM - SP R I NKLE T ARGETS 

70 F O R  T = l  TO 1 00 0  
1 0 0  G O S U B  3 0 0 : REM - MOVE GUNSH I P  

280 N EXT 
295 END 

300 ON J O Y ( 0 )  GOTO 360 , 380 

3 1 0  RETURN 

360 IF X < G THEN RET URN 

362 X=>< - 2  
364 O U T PU T  GUN$ , X+2 , 1 6 , 0 

3 6 5  GOTO 385 

380 IF X > 1 1 2 THEN RETURN 

382 X=X+2 
384 OUTPUT GUNS . X - 2 . 1 6 . 0  

385 OUTPUT GUNS , X , 1 6 , 2  

390 RETURI'l 

700 FOR A= 1 0  TO 1 0 6  S TEP 2 

7 1 5  I F  RND C 1 l > . 50 G O T O  7 4 0  

720 B=20+45*RND C 1 )  

730 PLOT A , B , 2  

7 4 0  NEXT 

750 Z=0 

760 R ETURN 
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Now t h a t  we ' ve got  our  space  s t a t ion and t arget  d i sp l ay s  i n  o r de r , we n e e d  
t o  a d d  the  capab i l i ty o f  f i r ing a t  t h e  t a rge t s . Aga i n , we ' l l u s e  a s ubrout ine  
to  p e r f o rm the ope rat ion . We ' l l ca l l  the subrout ine f rom w i thin  the  ma i n  
p r o gr am l oop b y  a dd ing two more l ine s .  The f i r s t , a t  l ine  80 , t e s t s  t o  
s e e  i f  the  f i r e  button  o n  the l e f t  cont ro l l e r  i s  depre s s e d .  I f  i t  i s  n o t  
depre s s ed ( FIRE ( O ) =l ) ,  we ' l l go  back t o  l ine 1 00 a n d  e x e c u t e  t h e  sub ro u t ine 
for  S t a t ion  movement  aga i n . I f  the f i re  b u t t on i s  depre s s e d  ( l ine 8 0  t e s t s  
f a l se ) , then we ' l l execute  a s ub rout ine t o  f i re a bu l l e t . I n  t h i s  s ubrou t ine , 
the f i r s t  three  l in e s  ( 500- 5 2 0 )  wi l l  gene r a t e  an exp l o s ive s ound . Then , 
in a l oop ( 530-560 ) ,  we ' l l p ropel  the  bul l e t  upwa r d s  w i th t he variab l e  Y .  
Bu t , b e f o r e  each  upwa rd  movemen t ,  we ' l l check t o  s e e  i f  the  t arge t h a s  b e e n  
h i t  wi th  t h e  POINT f unc t ion ( l ine 5 3 2 ) .  I f  i t  h a s  been h i t , we ' l l f l a sh 
the screen , r emove the  t a rge t ,  and increment t he s c o re s to r e d  i n  the var i ab l e  
Z b e f o r e  re turn i ng t o  the ma in p rogram l oop f o r  the  next  gun s h i p  movement .  
I f  the t arge t i s  not  h i t , we ' l l keep increment ing the upward  moveme n t  w i th 
Y unt i l  the l oop i s  exhaus t e d  and the  bul l e t  i s  a t  the  t op o f  the s c reen . 
Then we ' l l make a "dud"  s ound ( 58 0 )  b e f o re r e turning t o  the main  p rogr am 
l oop . Now , our  prog ram l ooks l ike th i s : 

1 0  REM*** M I CRO ARCADE *** 

20 CLS : COLOR 0 . 1 , 3 , 7  
30 PLOT 1 , 1 , 1 , 1 1 2 , 1 0  
4 0  PLOT 1 , 70 , 1 , 1 1 2 , 1 
50 X=50 

5 1  PRI NTCHR$ ( 8 )  

5 2  GUN$=CHRS ( 6 )  
60 O UTPUT GUNS , X , 1 6 , 2  

65 GOSUB 700 : R EM - SPR I NKLE TARGETS 

70 F O R  T= 1 TO 1 00 0  

80 I F  F I RE ( 0 ) = 1  GOTO 1 00 

8 2  GOSUB50 0 : REM- F I RE BULLET 

1 00 GOSUB 300 : REM - MOVE GUNSH I P  

280 NEXT 
295 END 
300 ON J O Y ( 0 )  GOTO 360 , 380 

3 1 0  R ETURN 

360 IF X< B THEN RETURN 

362 X=X - 2  

3 6 4  OUTPUT GUNS , X+2 , 1 6 , 0  

365 GOTO 385 

380 IF X > 1 12 THEN RETURN 

382 X=X+Z 
384 OUTPUT GUNS , X - 2 , 1 6 , 0  
385 OUTPUT GUN$ , X , 1 6 , 2  
390 RETURN 
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500 SOUND 1 , 5 1 Z 
5 1 0  FOR 0= 1 TO 40 : NEXT 

520 SOUND 1 , 5 1 3  
522 XP=X+2 

530 FOR Y = l 9  TO 69 

532 IF POINT ( XP , Y l < >2 GOTO 540 

533 Z=Z+1 

534 PLOT XP , Y , 0 : PLOT XP , Y - 1 , 0  

535 SOUND 1 , 5 1 4 : COLOR 7 , 3 , 1 , 0  

536 FOR Q= 1 T O  1 0 : NEXT 

537 COLOR 0 , 1 , 3 , 7 : SOUND 1 . 5 1 5  
538 RETURN 
540 PLOT XP . Y , 3  
550 PLOT XP , Y - 1 , 0  
560 NEXT 
570 PLOT XP , 69 , 0 
580 TONE 6 00 , 8 

600 RETURN 

700 FOR A= 1 0  TO 1 0 6  STEP 2 
7 1 5  I F  RND ( 1 ) ) . 50 GOTO 7 4 0  
720 B =20+45*RND ( l )  
730 PLOT A , B , 2  
740 NEXT 
750 Z=0 

760 RETURN 



I n  t h i s  p r o g r am ,  o u r  main  c ont ro l l ing l oop i n  l in e s  70-280 c o n t a i n s  only 
f ive s t a t emen t s . The r e s t  of the  program is p e r fo rmed t h ro ugh subroutine s .  
I n  t h i s  ma i n  l oop , we inc remen t  a t ime c ount e r , T ,  t o  1 000 b e f o r e  the  game 
end s . F i na l ly ,  we ' l l add  l ines  286-288 t o  d i s p l ay t h e  s co r e  when the t ime 
coun t e r  h a s  exp i re d . We ' l l a l so embed  a RUN c ommand in l i ne 289 to s t a r t  
the game ove r a g a i n  a u t oma t ica l l y .  

286 OUTPUT " YOUR SCORE I S v , 1 5 , 60 , 3 
287 O UTPUT Z , 46 , 50 , 3  

288 FOR Q=l T O  1000 : NEXT 

289 R UN 

The f in a l  p rogram l i s t ing f o r  th i s  game i s  p re s e n t e d  on the  f o l l owing page, 
In  r e t ro s pe c t , we f ind t h a t  a f ew l in e s  are r ea l ly unne c e s s a ry . Thi s  i s  
frequen t l y  the  c a s e  i n  deve l op ing a comp l ex p r og ram . W e  c an remove l in e s  
295  a n d  7 50 w i th no  r e s u l t ing d i f fe rence in  p r og ram ope r a t ion . 

Game Extens i on s  

No g ame i s  ever  r e a l l y " done . "  Mod i f i c a t ions  a n d  improvemen t s  c an a lway s  
b e  made , and the  M i c ro Arcade i s  n o  excep t i on . H e r e  a r e  s ome i de a s  you 
might wan t to  imp l emen t with t h i s p rogram as  an exerc i s e  in game p rogramming . 

a ) Find  an a l t e rn a t e  chara c t e r  f o r  the  E a r t h  S t a t i o n . Examine o th e r  
non- s t andard  charac t e r s , o r  use  two o r  mo re  "ove r l a i d" charac t e r s  
wi th the  OUTPUT s t a t ement . 

b ) Add s ound t o  the  movement o f  the  E a r t h  S t a t i on .  

c ) Add d i f f i c u l t y  l eve l s  that  w i l l  change the  numb e r  o f  t a rge t s  and game 
dura t i o n . Acc e p t  input  f rom the  keyboa r d  t o  de t e rmine wha t  the  d i f f icul ty 
l eve l w i l l  be . 

d ) M a i n t a i n  the  n ame and h igh score  o f  the  " c u r r e n t  winn e r "  and d i s p l ay 
i t  a t  the  end  o f  each  game . 

e ) U s e  mu l t i p l e  c o l o r  t arge t s  and awa rd p o i n t s  f o r  the i r  d e s t ru c t ion 
t h a t  a r e  i nve r s e l y  proport i onal  to the c o l or ' s  f re quency o f  o ccurrence . 
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1 0  F-'EM� ** M I CRO ARCADE *** 

20 CLS : C O LOR 0 , 1 , 3 , 7  

3 0  PLOT 1 , 1 , 1 , 1 1 2 , 1 0  

40 P L O T  1 , 70 , 1 , 1 1 2 , 1 

50 X=50 

5 1  PRINTCHR$ ( 8 )  

52 G U N $ =CHR$ ( 6 )  

60 OUTPUT GUN$ , X , 1 6 , 2  

65 G OSUB 700 : R E M - S P R I NKLE TARGETS 

70 FOR T = 1  TO 1000 

80 I F  F I RE C 0 ) = 1  GOTO 100 

82 GOSUB500 : REM - F I RE BULLET 

1 0 0  GOSUB 300 : REM - MOUE GUNSHIP 

280 NEXT 

286 OUTPUT " YOUR SCORE I S " , 15 , 60 , 3  

287 O UTPUT Z , 4 6 , 50 , 3  

288 FOR Q= 1 TO 1 000 : NEXT 

·zgg RUN 

295 E N D  

300 O N  JOY C 0 )  GOTO 360 , 380 

3 1 0  RETURN 

360 I F  X< 6 THEN RETURN 

362 X = X - 2  

3 6 4  O U T P U T  GUN$ , X+Z , 1 6 , 0  

365 GOTO 385 

380 IF X > l l Z THEN RETURN 

382 X=X+2 
384 O UTPUT GUN$ , X - 2 , 16 , 0  

385 OUTPUT GUN$ , X , 1 6 , 2  

3 9 0  RETURN 
500 SOUi'lD 1 , 5 1 2 

5 1 0  FOR Q = 1  TO 4 0 : NEXT 

520 SOUND 1 , 5 1 3  

522 XP=X+Z 

530 FOR Y = 1 9  T O  69 

532 I F  P O I N T C XP , Y ) < >Z GOTO 540 

533 Z=Z+ 1 

534 PLOT XP , Y , 0 : PLOT XP , Y - 1 , 0  

535 SOUND 1 , 5 1 4 : COLOR 7 , 3 , 1 , 0  

536 FOR Q=1 T O  1 0 : NEXT 

537 COLOR 0 , 1 , 3 , 7 : SOUND 1 . 5 1 5  

538 R ETURN 

540 PLOT XP , Y , 3  

550 PLOT X P . Y - 1 , 0  

S60 N E XT 

570 PLOT XP , 69 , 0  

580 TONE 600 , 8  

600 RETURN 

700 FOR A= 1 0  TO 1.06 STEP 2 

7 1 5  I F  Rt'l D (  1 )  > . 5 0 GOTO 7 4 0  

720 B=20+45*-RND C 1 )  

730 PLOT A , B . 2  

740 NEXT 

750 Z=0 

760 RETURN 
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READING DATA 

So f a r , we ' ve examined s e v e r a l  ways in wh ich d a t a  can  be e n t e r e d  f o r  u s e  
into  a BAS I C  p rogram :  

Keyboard Input 

Cont ro l le r  I nput 

Tape Input 

U s ing INPUT , INSTR$ , o r  keyboard PEEK 

U s ing POT , JOY , and FIRE func t ions 

U s ing CLOAD* t o  l oad array s  o f  numeric  data 
or a numeric  repre sent a t i on of s t r ing data 

I n  t h i s  chap t e r  we ' l l examine a fourth gene r a l  me t h o d  of  e n t e r ing d a t a  
into  a p rog r am--u s e  o f  t h e  DATA , READ , and RE STORE s t a t emen t s .  T h i s  app roach 
can b e  e f fe c t ive f o r  e n t e r ing l a rge numbers  of cons t ant s or t a b l e  d a t a  
into  a p rogram-- t o  s upp l y  p a r ame t e r s  f o r  TONE s equenc e s , ( x , y )  c o o rd i na t e  
p a i r s  f o r  g r a p h i c  image devel opment , mathema t i c a l  t ab l e s  f o r  c a l cu l a t ions . 
In  t h i s  p rogramming approach , the d a t a  va l ue s  a re s t o r e d  a s  cons t a n t s  in  
l ine-numb e r e d  DATA s t a t ement s .  The READ s t a t emen t  p u l l s  t h e  r e que s t e d  
numbe r  o f  d a t a  va l u e s  f rom t he l i s t  in  a s e quent i a l  p a s s  t hrough t h e  d a t a  
s t r e a m .  The RESTORE s t a t ement r e s e t s  READ ' s  i n t e r n a l  p o i n t e r  b a c k  t o  the 
f i r s t  i tem i n  t h e  f i r s t  DATA s t a t ement , which  l e t s  you READ d a t a  i t ems 
in a l i s t  mo r e  t han one t ime in  a s ing l e  p rogram .  

The r e  a re s eve r a l  a dvan t ag e s  t o  keep ing d a t a  i n  t h i s  f o rm :  

1 )  The d a t a  va l u e s  a re s to r e d  a s  a l i s t  i n  t he p rog ram i t s e l f  ins t ead  
o f  b e i ng typed  in  dur ing p rog ram execu t i on .  The  l i s t  c an be e a s i l y  
r e f e rence d , s t o re d , l i s t e d ,  and changed  j us t  l ike y o u  wou l d  change 
any p o r t ion  o f  the  p rogram ' s l og i c . 

2 )  The d a t a  l i s t  can b e  read  repe a t e d l y  d u r i ng t h e  exec u t i on o f  a p rogram , 
s e l e c t i ve l y  r e f e rence d ,  and p a s s e d  on t o  the  p rogram ' s p roc e s s ing 
l og i c . 

3 )  S u rp r i s ing l y  l arge amount s  o f  t abu l a r  d a t a  can  be  e n t e red  w i t h  l i t t l e 
s t o rage ove rh e a d , e ven w i th the I n t e rac t BAS I C ' s  4698 by t e s  o f  memo ry . 

4 )  D a t a  l i s t s  c a n  be  s t o red  on tape in s ep a r a t e  f i l e s  and u s e d  in  p rograms 
by adding  t he f i l e to a p rogram w i th t he E ZEDIT  APPEND command . Thus , 
the  concep t o f  a " d a t a  l ibrary"  c an be achieve d . F o r  examp l e ,  you 
cou l d  w r i t e  an extens ive mu s i c a l  repe r t o i re wh ich  cons i s t s  of  a s e r i e s  
o f  f i l e s  w i t h  DATA s t a t ement s t h a t  cont a in TONE pa rame t e r s , t he number  
o f  t one s , and t he t i t l e  of  the work . A BAS I C  mu s i c  p rogram c ou l d  
then b e  deve l op e d  t o  p l ay , t ranspo se , o r  d i sp l ay any t une , s imi l a r  
t o  t h e  Mu s i c  Mae s t ro p rogram .  

Howeve r ,  t h e r e  a r e  two d rawbacks t o  t h i s  app roach t o  d a t a  e n t ry : 

1 )  The amount  o f  d a t a  t h a t  can be s t o re d  and acce s s e d  i s  l im i t e d  by the  
amoun t of  ava i l ab l e  RAM and  the p rog ram l og i c  s i z e . 
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2 )  T h e  s t ored  d a t a  va l u e s  c anno t be changed by p rogram l og i c . Change s 
t o  t h e  d a t a  c an o n l y  be  made by re typ ing the  DATA s t a t ement s and u s i n g  
CSAVE t o  s t ore  the  changed p rogram .  

DATA s t a t ement s  p rovide  an " i nvi s i b l e  s t ream" o f  d a t a  t h a t  f l ows through 
no rma l p rogram execut i o n .  DATA s t a t emen t s  are  never a c t ua l ly execu t e d ; 
they a r e  o n l y  " s een"  and a c c e s s e d  by t he READ s t a t ement , wh i ch i s  t h e  o n l y  
s t a tement t h a t  knows t h a t  t h e y  ex i s t . READ h a s  a n  i n t e rna l p o i n t e r  t h a t  
ke e p s  t rack o f  how many va l ue s  have been read  f rom t h e  l i s t  dur ing p rogram 
execu t i on . 

You can u s e  DATA s t a t emen t s  f o r  mu l t ip l e  purpo s e s  w i t h i n  a s ing l e  p rogram .  
F o r  examp l e , y o u  m i gh t  have DATA s t a t emen t s  con t a i n ing TONE p a r ame t e r s, and 
a l so DA1A s t at ement s c o n t a in ing s t r ing va l u e s  t o  be  d i sp l ay e d  dur ing p rogram 
exe c u t i o n .  The s e  two opera t i ons  m ight be c omp l e t e l y  unre l at e d  in  t h e  f l ow 
o f  p rogram execu t i on . T e ch n ic a l l y , y o u  c ou l d  c omb ine d a t a  va l u e s  f o r  b o th 
the s e  o p e r a t ions  onto  the  s ame DATA s t a temen t . Howeve r ,  t h a t  c an l ea d  t o  
mo re  c omp l i c a t e d  p rogram l og i c  t o  acce s s  t he va l u e s  and mo re work i f  you  
want  t o  a d d  o r  change  a d a t a  va l ue . Genera l l y ,  we a dv i s e  you  to  s to re s e t s  
o f  r e l a t e d  d a t a  va l u e s  o n  one o r  more adj acent  DATA s t a t emen t s  and p l ace  
d a t a  va l u e s  for  unre l a t e d  opera t i ons  on  s e p a r a t e  DATA s t a t emen t s .  

The f o l l ow ing S ounds L i b rary p rogram i l l u s t ra t e s  the u s e  o f  DATA s t a t emen t s 
to  c a t a l og i n f o rma t i o n .  In  t h i s  p rog ram , there  i s  a DATA s t a t ement f o r  
each  s ound i n  t h e  l ib r a ry . Each s ound h a s  four  r e l a t e d  i t ems o f  i n f o rma t ion : 
two nume r i c s ound p a rame t e r s  and two s t rings  o f  d e s c r i p t ive  t ex t . I n  the  
p rog ram , t h e s e  f ou r  i t ems are  c a l l e d  S l , S 2 , T l $ , and T 2 $ . 

1 0  REM - SOUNDS L I BRARY 
20 CLS : COLOR 0 , 3 , 1 , 7  

30 MAX=S 

40 FOR N = 1  TO MAX 

s0 c�s 

60 READ S 1 , S2 , T l $ , T2$ 

70 OUTPUT T 1 $ , 20 , 60 , 1 

80 OUTPUT T2$ , 20 , 54 , 1 

82 OUTPUT S 1 , 40 , 40 , 2  

84 O UTPUT S2 , 52 , 40 , 2  

90 S OUND S 1 , S2 

100 FOR Q= l TO 2000 : NEXT 

1 0 5  NEXT 

1 1 0  SOUND 7 . 4096 

1 1 1  CLS : P R I NT " DONE " : END 

120 REM - SOUNDS L I BRARY 

1 3 0  DATA 3 , 1 82 , " PT 109 " , • • 

140 DATA 5 , 392 , L OCUST , ATTACK 

150 D ATA 3 , 66 , 1 938 PLYMOUTH , STUCK 

1 6 0  DATA 6 , 4 6 0 , PHASER , " n 

170 DATA 6 , 1 70 , TELEPHONE , R I NG 
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N o t e  that  we e n t e r e d  a nul l s t r ing a s  the f ou r th pa r ame t e r  i n  l in e s  130  
and  1 60 .  B e c a u s e  the  READ s t a tement acce s s e s  the  data  s e quent i a l ly , four 
i t ems at a t ime in t h i s  p rog ram , we mu s t  use nu l l  s t r ings  to keep our data  
cons i s tent . If  we  j u s t  omit  that  f ou r th p a rame t e r  i n  l ine s 130 and 1 60 ,  
the READ s t a t ement wou l d  t ake the  f i r s t  d a t a  i t em i n  the  next  l ine  a s  the 
fourth  p a r ame t e r .  Th i s  wou l d  not  o n l y  y i e l d  a n  i nc o r r e c t  d i sp l a y  o n  the  
f i r s t  s ound p ro c e s s e d , it  wou l d  a l s o  c re a t e  an e r r o r  when the  c omp u t e r  
reads t h e  s econd s e t  o f  four  d a t a  i t ems . The r e f o r e , w e  incl ude the  nul l 
s t r ing  t o  t e l l the  c ompu t e r  that there i s  no f o u r t h  p a r ame t e r  in tho se  
c a s e s --READ c an ' t make any  a s sump t ions about  o u r  data  as  i t  r e f e r ence s  
i t . 

You can  expand t h i s  prog ram t o  c a t a l og and p l ay back your  own f avo r i t e  
I n t e r a c t  s o un d s . A l l y o u  have t o  d o  i s  ent e r  a dd i t i o n a l  DATA s t a t emen t s  
f o l l ow i ng l ine 1 80 and change t h e  va l ue o f  MAX in l ine  3 0  t o  r e f l ec t  the 
current  c ount  of your s ound s . No  o the r change to the p rogram l og i c  i s  
requ i re d  t o  hand l e  the  inc re a s e d  amoun t o f  d a t a . 

Reading Comp lex Data  Tab l e s  

The i t ems i n  DATA s t a tement s  can be  r e a d  more than once  d u r ing t h e  execu t i on 
of  a p rogram . Th i s  i s  conven ient  when you want t o  acce s s  t a b l e  data  rep e a t e d l y  
i n  y o u r  p rograms . The f o l l owing p rogram i l l u s t r a t e s  how t o  c omp u t e  the 
Fede r a l  E s t a t e  Tax f o r e s t a t e s  of a w i de range of s i z e s .  The DATA s t a t emen t s  
i n  t h e  p rogram cont a in t h e  v a l ue s in  t h e  t ab l e  b e l ow .  

FEDERAL ESTATE TAX 

Net  Taxab le  % Tax in 
E s ta t e  Estate  Tax Next Bracket 

Up t o  $ 1 0 , 000 1 8% o f  amount 
$ 1 0 , 000 $ 1 , 800 20% 

20 , 000 3 , 800 22 
40 , 000 8 , 200 2 4  
60 , 000 1 3 , 000 26 
80 , 000 1 8 , 200 28 

1 00 , 000 23 , 800 30  
1 50 , 000 3 8 , 800 3 2  
2 50 , 000 70 , 800 3 4  
5 00 , 000 1 5 5 , 800 3 7  
750 , 000 248 , 300 39  

1 , 000 , 000 345 , 800 41  
1 , 250 , 000 448 , 300 43 
1 , 500 , 000 5 5 5 , 800 45 
2 , 000 , 000 780 , 800 49 
2 , 500 , 000 1 , 02 5 , 800 53 
3 , 000 , 000 1 , 290 , 800 5 7  
3 , 500 , 000 1 , 5 7 5 , 800 6 1  
4 , 000 , 000 1 , 880 , 800 6 5  
4 , 500 , 000 2 , 205 , 800 69  
5 , 000 , 000 2 , 550 , 800 70 

-------·-· ---··-------
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1 0  REM : FEDERAL ESTATE TAX 

20 R EM : CALCULATOR 

30 CLS : COLOR 4 , 3 , 0 , 7  

4 0  PRINT : PR I NT " NET TAXABLE " 

50 PRINT " ESTATE I N "  
6 0  PR I NT " THOUSANDS ( 000 ) "  

7 0 I NPUT Nl 

80 I F  NT < 0  GOTO 70 

90 GOSUB 300 

100 PR I NT " TAX= " ; ET 

1 1 0 GOTO 70 

300 IF NT< 1 0  THEN ET= . 1 8•NT : RETURN 

308 RESTORE 

3 1 0  DD= - 1  

320 READ T 1 , T2 , T3 

330 DD=DD+ 1 

340 I F  NT >T 1 GOTO 320 

360 REM : HAVE PASSED APPROPR I ATE BRACKET 

370 REM : RES r ORE AND READ DOWN AGA I N  

375 RESTORE 

380 FOR A= 1 TO DD 

390 R EAD T 1 , T2 , T3 

4 00 NEXT 

4 1 0  ET =T2+T3a ( N T - T l ) 

420 RETURN 

480 REM- FEDERAL ESTATE 

482 REM - TAX TABLE 

500 DATA 1 � , 1 . 8 , . 2  

5 1 0  D ATA 2 0 , 3 . 8 , . 22 

520 DATA 40 , 8 . 2 ,  . 24 

530 DATA 6 0 , 1 3 , . 26 
540 DATA 80 , 18 . 2 , . 28 

550 DATA 1 00 . 23 . 8 , . 3  

560 DATA 1 50 , 38 . 8 , . 32 

570 DATA 250 , 70 . 8 , . 34 

580 DATA 500 , 1 55 . 8 , . 37 

590 DATA 750 , 248 . 3 , . 39 

600 DATA 1 000 . 345 . 8 , . 4 1 

6 1 0  DATA 1 250 , 448 . 3 , . 43 

620 D ATA 1500 , 555 . 8 , . 45 

630 DATA 2000 , 780 . 8 , . 49 

640 D ATA 2500 , 1 025 . 8 , . 53 

G50 DATA 3000 , 1290 . 8 , . 57 

660 DATA 3500 , 2575 . 8 , . 6 1 

670 DATA 4000 , 1 8 80 . 8 , . 65 

680 DATA 4500 , 2205 . 8 , . 69 

690 DATA 5000 , 2550 . 8 , . 70 

800 DATA 99999 , 0 , 0  
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G iven t h e  N e t  Taxab l e  E s t a t e , NT , the p rogram s ea r ch e s  the  tab l e  t o  f ind  
the  c o rre sponding  t ax b r a cke t .  Once  i t  f i nds  the  c o r r e c t  b racke t ,  i t  p e r f o rms 
tax c ompu t a t i o n s  u s ing i n f o rma t i on in the p r e v i ou s  l ine  o f  the t a b l e .  
The r e f o r e , the  t ax t ab l e  mu s t  be  read  twice  f o r  each  t ax c omput a t i on i n  
thi s  p rogram . 

How doe s t h i s wo rk ? We l l ,  l e t ' s  s ay the  e s t a t e  wa s va l ue d  a t  $ 200 , 000 .  
I f  you l ook a t  the  t ab l e  on  page 6-3 , y ou ' l l  s e e  t h a t  t h i s  brack e t  i s  be twe en  
$ 1 50 , 000 and $ 2 50 , 000 c a t e g o r i e s . To c ompute  the  t ax the  p rogram u s e s  
the va l u e s  a s so c i a t e d  wi th the $ 1 50 , 000 l ine  i n  t h e  t ab l e .  

ET = 38 , 800 + . 3 2* ( 200 , 000-1 50 , 000 ) 54 , 800 . 00 

The f i r s t  READ o f  the  t ab l e  i n  l i ne 3 20 l ooks f o r  t h e  d a t a  c o r r e spond ing 
t o  the N e t  Taxab l e  E s ta t e  amount  e n t e r e d  in r c p o n s c  to the  INPUT s t a t ement  
in  l in e  7 0 .  Howeve r ,  s in c e  the  p rogram c a l cu l a t e s  t h e  t ax based  o n  the  
va l u e s  o n  t h e  p re v i ou s  l ine  i n  the  ta b l e , i t  h a s  a l r e a dy p a s s e d  by t h e  
va l u e s  i t  n e e d s  t o  u s c  f o r  the  c a l cu l a t ions . The r e f o r e , i t  mu s t  g o  back 
and r e ad t h r ough them agai n . The RESTORE s t a t ement  i n  l in e  37 5 r e t u rn s 
READ ' s  i nt e rna l p o in t e r  t o  the  f i r s t  d a t a  i t em i n  the  f i r s t  DATA s t a t eme nt  
( l ine  5 00 )  s o  that  a l l  v a l u e s  i n  the  t ab l e  can  be  r e f e renced  aga i n .  

To c o n s e rve  RAM spac e , we c ou l d  c omb i ne two l in e s  o f  t h e  t ab l e  ( o r  even  
t h r e e ) into  a s ing l e  DATA s ta t emen t . E ach DATA s t a t ement  wou l d  then have 
s ix v a l u e s  a s so c i a t e d  w i t h  i t ,  e . g . , 

500 DATA 1 0 , 1 . 8 , . 2 , 20 , 3 . 8 , . 2 2 

Wi th t h i s  c o n s t ruc t i on , f ewe r l in e s  a r e  u s e d  t o  s t o r e  the  s ame amount  o f  
da t a ; h e nc e , l e s s  RAM i s  con sume d . Th e re wou l d  b e  no  change i n  t h e  ope r a t i on 
o f  the  p ro g r am .  

Con su l t  t h e  DATA , READ , and RESTORE s t a t emen t s  i n  the  R e f e r ence  S e c t ion 
for f u r the r e xp l an a t i o n  and examp l e s o f  t h i s  mo de of  data e n t ry .  
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SUBROUTINES 

s t a t emen t s  t h a t  are p e r f o rmed 
them s e l v e s  d i re c t  BAS I C  t o  
S t a t emen t s  wh ich  change t h e  

A BAS I C  p rog ram i s , a s  w e  have seen , a s e t  o f  
i n  l ine-numb e r e d  o r de r ,  un l e s s  the  s t a t ement s  
begin  execut ing a s t a t ement a t  ano the r l ine . 
o r d e r  o f  p rogram execu t ion inc l ude the GOTO and GOSUB s t a t ement s .  

The GOTO s t a t ement s imp l y t rans f e r s  c ont r o l  t o  a s pe c i f i e d  l ine in the 
p ro g r am .  E s s e nt i a l l y ,  i t ' s. a "one-way t icke t "  to a d e s t i n a t ion i n  the 
p r o g r am .  GOSUB , on  the  o th e r  hand , is  ana l ogous  to a " round t r ip t icke t " . 
GOSUB t e l l s  the c omp u t e r  t o  t rans f e r  p rogram e xe c u t i o n  t o  a subrout ine 
tha t b e g i n s  on a s p ec i f i e d  l ine , but to r ememb e r  the p o i n t  at wh ich  the 
GOSUB wa s made so that p rogram contro l c an be r e tu rne d to the s t at emen t 
f o l l owing the  o r i g ina t ing GOSUB when the  s ubrout ine c omp l e t e s . I n  the  
sub r o u t ine , you t e l l  BAS I C  y ou want t o  make the  " re turn  t r ip "  by c onc l u d ing 
i t  w i t h  a RETURN s t a t ement . 

A subrout ine , then , i s  a s e t  o f  ins t ruc t i on s  t h a t  i s  execu t e d  f rom a GOS UB 
s t a t ement e l s ewhe r e  i n  the  p rog ram . S ub r out i n e s  a r e  gene ra l ly p o s i t ioned  
out s i de the  gene r a l  f l ow of  the  p rogram , and the i r  s t a t emen t s  are  execu t e d  
on l y  when a GOSUB t o  t h e  s t a r t ing l ine numb e r  i s  encoun t e r e d  dur ing p ro gram 
exe c u t i o n .  S ub r o u t ine s a re v i r t ua l l y a lway s  t e rmina t e d  w i th RETURN s t a t ement s .  
S ub r o u t ine s may b e  ne s t ed--that i s , a s ub rout ine may i n  t u rn c a l l  anothe r 
sub r o u t ine whi c h  i n  turn  may c a l l ano ther  sub r ou t ine , e t c . But , a s  GOSUB 
and RETURN s t a t emen t s  c ome in  p a i rs , BAS I C  i s  ab l e  to f ind i t s  way back 
to  the ma in p rog ram l o g i c . 

Us ing s ub r o ut in e s  i s  g o o d  p rogramming p ra c t i c e . The b ene f i t s  o f  u s ing 
them a re :  

1 )  Sub rou t in e s  c o n s e rve memo ry .  The l og i c  f o r  a s ing l e  s ubrout ine c an 
be c a l l e d  f r om nume rous  p o int s in  the p ro gram by GOSUB s t a t ement s ,  
r a t h e r  than _r e p e a t ing the s t a t emen t s  s ev e r a l  t ime s w i t h in t h e  p rogram 
l og i c . Thu s , p rograms w i t h  sub rout in e s  g ene ra l ly c o n s ume l e s s  RAM , 
o r , c onve r s e l y , you  c an bui l d  l ar g e r  p ro grams in  the  s ame amoun t o f  
RAM . 

2 )  S ub r ou t ines  make p rogramming e a s i e r .  A subrout ine ' s  l og i c  n e e d s  t o  
be  debugged  o n l y  once . Af t e r  i t  i s  ope r a t i ona l ,  you c an u s ua l l y  t ake 
f o r  g ra n t e d  t h a t  i t  wi l l  do  wha t  i t  i s  s uppo s e d  to do when i t ' s  c a l l e d .  

3 )  Subrout i n e s  mean l e s s  typ ing . You o n l y  have t o  type the  s ta t ement s 
once . 

4 )  Sub rou t i ne s a l l ow b e t t e r c o d ing . Y o u  can  a f f o r d  t o  deve l op b e t t e r  
subrout ines  t h a t  inc l ude  e r r o r  check ing , c o n s i s t ent  p e r f o rmance , e tc . , 
i f  you  know you  o n l y  have t o  deve l op them once . 

5 )  S ub r o ut in e s  a l s o make p rog ram mod i f ic a t i o n  e a s i e r .  You c an make change s 
that  a f f e c t  the  ope r a t i on o f  the  e n t i r e  p rogram a l l  a t  once within  
the  subrout ine , rather  than  having t o  mo d i fy s t a t emen t s  at  s eve r a l  
spo t s  w i th in t h e  p r og ram . 
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Take , f o r  e x amp l e , a s imp l e  s ubrout ine that  acce p t s  a "Y" o r  "N"  f rom t h e  
keyb o a r d . I t  m i gh t  be u s e d  s eve r a l  t ime s in  a p rogram t h a t  r e q u i r e s  the  
user  t o  re spond  t o  a s e r i e s  of  y e s /no  que s t ions . The  s ub rout ine be l ow s e t s  
the va r i ab l e  S t o  a va l ue o f  1 i f  the answe r t o  the  que s t i on wa s "Y" o r  
t o  0 i f  t h e  an swe r wa s "N" . N o  o t h e r  key s can s a t i s fy the  s ubrout ine ; i t  
wi l l  n o t  p e r f o rm any f u r ther  p rogram execu t i on unt i l  a "Y" o r  "N"  i s  type d .  

500 A$= INST R $ (  n 
5 1 0  I F  A$= " Y "  THEN S=1 : RETURN 

520 IF A$= '; N "  THEN 5=0 : RETURN 

530 GOTO 500 

Pause  l o o p s  can  f requen t l y  be p l aced  wi thin subrou t in e s  and c a l l e d  t o  a l l ow 
the u s e r  t o  read  a s c reen  o f  ins t ruc t i ons , to  vary v i s u a l  d i s p l ay s , e t c . 
A p a u s e  l oop that  t ake s app rox ima t e ly  one s e cond t o  p e r f o rm i s  

FOR K = 1 TO 480 : NEXT 

By p l a c ing t h i s  s ta t ement in a subrout ine whi ch i s  g iven the numb e r  o f  seconds  
to  pau s e  w i th thP  var i ab l e  S ,  we can bui l d  a gene r a l i z e d  subrou t ine . 

1 0 0  SM=480•S 
1 1 0 FOR Z= 1 TO SM : NEXT 

120 RETURN 

The n ,  i f  we p l a c e  t h i s  s ubrout ine wi thin a p rog ram that  requ i r e s  p au s e s  
o f  d i f f e re n t  d u r a t i o n s  t o  accompany d i f f e rent operat ions , we can  c omp u t e  
a n d  p e r f o rm the  pause  l oo p s  f rom t h i s  gene ra l i z e d  t iming l oop . The f o l l owing  
program c a l l s  t h i s  t iming l oop three  t ime s ,  f rom l in e s  SO , 7 8 , and  90 , wi th 
pau s e  d u r a t i on s  as  spe c i f i ed  by the variab l e  S .  

10 REM - DELAY I NG W I TH A SUBROUT I N E  

20 CLS : C OLOR 4 , 7 , 1 , 2  

30 PR I NT " HOLD THIS MESSAGE " 
40 PR I NT " FOR 10 SECONDS " 

50 S = 1 0 : GOSUB 1 00 

60 CLS 
70 REM- FLASH EVERY . 5  SECONDS , 10 T I MES 

72 OUTPUT " H I " , 50 , 50 , 1 

75 S= . S : FOR N=l TO 1 0  

7 7  C OLOR 7 , 4 , 1 , 1  

78 G O  SUB 1 00 

80 C OLOR 4 ,  7 ' 1 '  1 

90 G O  SUB 1 00 
95 I'·! EXT 
97 END 

99 REM- DELAY LOOP SUBROUT I NE 
1 0 0  SM=480-*S 

1 1 0  FOR Z= 1 TO SM : NEXT 

1 20 RE fURI'I 
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Subrout ine s a r e  c ommon l y  u s e d  in  I n t e r a c t  BAS I C  t o :  

• Read  and p l ay TONE i n f o rma t i on f rom DATA s t a t emen t s  

• P l o t  a c omp l ex graph ic  ent i t y  who se  p o s i t ion on t h e  s creen i s  
spec i f i e d  i n  var i ab l e s  e x t e rnal  t o  the s ubrout ine 

• Acc e p t  y e s / no i n f o rma t i on f rom the  keyboard  

• I n i t i a l i z e  a g ame grid  o r  d i sp l ay 

• P e r f o rm a s e t  o f  c omp l ex a r i thme t ic o p e ra t i on s  t h a t  a r e  c ommon 
t o  seve r a l  p o r t ions  o f  the ove ra l l  program l og i c  

• S o r t  d a t a  

• R e a d  o r  w r i t e  s t r ing d a t a  t o  c a s s e t t e t ap e  b y  c onve r t ing the  
s t ring  i n f o rma t i on into  equ iva l ent  nume r i c a l  a r ray s 
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INTERFACING WITH THE BAS I C  ENVIRONMENT 

Th i s  s e c t i o n  c o n t a i n s  s ome gene ral  o p e r a t ing h int s f o r  i n t e r f a c ing w i t h  
BAS I C . The s e  s ugge s t ions  on how be s t  t o  ca rry o n  a meaning f u l  d i a l ogue 
wi t h  your c ompu t e r  wi l l  he l p  make your p rogramming l i f e  e a s i e r .  

Stor ing Programs on Tape 

Always  s t o re p rograms on t ape  d u r ing p rog ram deve l opment , p a r t i cu l ar l y  
i f  t h e  p rogram i s  l ong and invo l ved . A s  s oon a s  you  g e t  p a r t  o f  i t  comp l eted  
and  wo rk ing to  your  s a t i s f ac t ion , u s e  t he CSAVE c ommand to  s t o r e  i t  on  
t ap e . Then , i f  o p e ra t i on of  BAS IC  is  inadve r t ant l y  i n t e r rup t e d , you won ' t  
l o s e  y o u r  ent i re p rog ram and have t o  s t a r t  a l l  ove r again . Th i s  i s  e sp e c i a l l y 
imp o r t an t  i f  your  p rogram u s e s  POKE s t a t emen t s ,  a s  i t  i s  c omp l e t e l y  p o s s ib l e  
t o  POKE y o u r  p rogram o u t  o f  ex i s t ence through a f au l ty v a l ue o r  m i s typed  
POKE l oc a t i on .  

I n  a d d i t ion  t o  p r o v i d ing you w i t h  "back-up" c op ie s  o f  your program i n  the 
event of  a BAS I C  " d i s a s t e r " , s a v ing your  p rog ram at  v a r i o u s  s t age s o f  deve l op
ment l e t s  you back up e a s i l y  if you d e c i de t o  a l t e r  t he wo rking of the 
program r a d i ca l ly .  

Take a dvan t age o f  t h e  f i l e naming opt ion  whe n y o u  u s e  C SAVE t o  s t ore  a 
par t i a l  o r  c omp l e t e d  p ro gram on t ape , e sp e c i a l l y i f  y ou ' re s av ing mu l t ip l e  
programs o n  the  s ame d a t a  t ape . I f  you s ave f i l e s  w i t h  name s , they  a r e  
e a s i e r  t o  CLOAD l a t e r  when y o u  want t o  back u p  o r  r e s t a r t  a p ro g ram . 

Tape P o s i t ioning 

Be f o r e  you  i s sue  t h e  CSAVE c ommand t o  s ave a p rogram, o r  CLOAD t o  read  one 
in , y o u  may need  to p o s i t i on the t ape  f o r  read ing or wr i t i ng . You can 
do t h i s  w i t h  t he REWIND c ommand . REWIND t u rn s  t he t ap e  mo t o r  o n .  You 
can t hen u s e  any of the c a s s e t t e  d r ive but t o n s  to c on t ro l t ape  p o s i t i on ing . 
Use  the REWIND o r  F-FWD b u t t ons  t o  move t he t ap e  b ackwar d  o r  f o rwa rd  q u i ck l y . 
You can  a l s o u s e  t h e  READ but ton  f o r  s l ower f o rwa rd t ape p o s i t ion ing . 
READ l e t s  y o u  p o s i t i on the  t ape  accur a t e l y , b e c a u s e  you  c a n  hear  t h e  d a t a  
sounds  and t e l l  whe re o n e  p rog ram b e g i n s  and ano t h e r  end s .  Al though y o u  
wi l l  h e a r  " t ape l o ad ing" s ounds i f  you dep re s s  t he READ bu t t on dur ing REWIND 
command execu t i o n , no d a t a  is be ing read  into  y o u r  c ompu t e r . You ' l l  avoid  
overwr i t ing and d e s t roy ing o the r p rograms on the  t ap e  if  y o u  u s e  this  operat ing 
con t ro l in BAS I C . 

� N o t e  t h a t  i f  you d e p re s s  b o th the READ and WRI TE c a s s e t t e  b u t t on s  dur ing 
REWIND execu t i o n , any i n f o rmat i on s t ored  on the t ap e  wi l l  be  e ra s e d . 

Cont r o l  Charact e r s  

Your I n t e r a c t  h a s  s eve ra l cont ro l cha r a c t e r s  t h a t  c an be  u s e d  t o  a f f e c t  
program e xe c u t i o n  o r  l i s t ing . Control  charac t e r s  a r e  i s sued  b y  p re s s ing 
the Con t r o l  and ano ther  key s imu l t aneo u s l y . 

Con t r o l-C a c t s  a s  a "break" key during p rogram exe c u t i on o r  l i s t ing . I f  
you  type  t h i s  Con t r o l  charac t e r , BAS I C  f in i sh e s  p r int ing the  
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l ine  i t ' s  l i s t ing o r  execut ing , then s t o p s  p rogram execu t i on o r  
l i s t ing . 

Contro l-S l e t s  you ha l t  p rogram execut ion o r  l i s t ing t empor a r i ly ,  to  examine  
a p ro gram l ine or  s c reen d e t a i l .  Execut i on of  the  p rogram o r  
the  l i s t ing c ont inue s when any key i s  depre s s ed . 

Contro l-U a c t s  a s  a " c ance l "  key . I t  s t op s the  l ine  y o u  were  typ ing a t  
t h e  t ime y o u  i s s u e d  t h e  Cont ro l -U f r om be ing e n t e r e d  into  memory . 
You c a.�_l ;·u s e  t h i s  t o  abort  a l ine during p rogram e n t ry . 

Contro l -0 i s  u s e d  dur ing p rogram execut i on t o  supp r e s s  output  f rom PRINT 
s t a t emen t s . Th i s  c a n  be  u se f u l  i f  you a r e  p r int ing o u t  a l ong 
l i s t  o f  da t a  and don ' t  p a r t i cu l ar ly want to s e e  i t . The C ont ro l -0 
i s  c ance l l e d  when an OUTPUT s t a t ement i s  p ro c e s se d . Con t r o l -0 
supp r e s s e s  output  f r om the  PRINT command  o n l y  and h a s  no  e f f e c t  
o n  o th e r  p rogram s t a t ement s .  

What  Happens When You Press RESET? 

I f  y o u  p r e s s  the  RESET b u t t on , the current  execut ion o f  BASI C  i s  s topp e d , 
inc l u ding program execut ion and l i s t ing . P arame t e r s  o f  s ome c ommand s ,  such 
a s  COLOR , are r e t u rn e d  to  the  de f au l t  s t a t e  when y ou p re s s  the  "R"  key  t o  
re s t a r t  BAS I C .  The s e t t ing o f  WINDOW i s  a l so r e t urned t o  7 7 .  V a r i ab l e s  
are  not  r e se t ,  howeve r ,  n o r  i s  the va l ue o f  the  CLEAR s t a teme n t  a f f e c t e d .  

We recommend  t h a t  you  n o t  u s e  RESET t o  s top a p rogram .  U s e  Con t r o l -C i n s t e a d , 
e sp ec i a l ly i f  t he p ro gram c o n t a ins  OUTPUT s t at ement s .  I f  you  depre s s  RESET 
a t  the  s ame t ime that BAS I C  happens to be p roce s s i ng an OUTPUT s ta t ement , 
t h a t  OUTPUT s t a t ement i s  l ike ly  t o  be  " c l obber e d " . I f  you  r e s t a r t  BAS I C  
and run  t h e  p rogram a g a in , you  may g e t  a syntax e rr o r  ( " ? SN ERROR" ) o r  o the r 
e r r o r  when BAS I C  encoun t e r s  the  damaged OUTPUT s ta t ement . 

Program Debuggi ng 

The re a re a numb e r  o f  means f o r  debugging p rograms . You  can  u s e  the  GOTO 
l ine numb e r  and RUN l ine  numb e r  c ommand s i n  program debuggi ng , a s  d i s c u s s e d  
in  Program Exec u t i on ( p age  2-1 6 ) . Y o u  can a l s o u s e  the  EZEDIT  p rogram · e d i t o r  
t o  make g l ob a l  c o r r e c t ions  i n  your  p rogram , r e s e quence i t , e tc . 

You c an a l s o u s e  the  STOP s ta t ement w i thin  a p rogram t o  a c t  a s  a b r e akpo i n t . 
A program conta i ning a STOP i n s t ruc t ion wi l l  t e rminate  exec u t i on when  the  
STOP i n s t ru c t i o n  i s  encoun t e re d . Th i s  can  b e  u s e f u l  i n  p ro g r am debugg i ng . 
Le t ' s  s a y , f or examp l e , t h a t  you ' ve got  an e rror  in  p a r t  o f  y o u r  p ro g r am .  
You s u s p e c t  i t  i s  the s e t t ing o f  a variab l e , but  you  a ren ' t c e r t a i n .  You 
can put  a STOP s t a t emen t in  that  p a r t  of  the  p rogram ,  and , when  the  p rogram 
s t op s , y o u  can PRINT the v a r i ab l e  to check i t s  c u rren� va l u e , c hange the  
va l u e  i f  nec e s s ary , t hen type 

t o  r e s ume execu t ion whe r e  the  p rogram l e f t  o f f , u s ing the  new v a r i ab l e  va l ue . 
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Space S aving H in t s 

The re ' s  a p rog ramme r ' s maxim that  s t a t e s :  "A p rogram a lway s g rows i n  s i z e  
to  f i l l  t h e  memo ry ava i l ab l e , regar d l e s s  o f  t h e  s i z e o f  the  compu t e r ' s  
memory . ' ' B e c a u s e  the  I nt e ra c t  h a s  l im i t e d  memo ry c a p ac i t y , y ou ' l l  want 
t o  wr i t e  p rogr ams  e f f i c ient l y  to u t i l i z e  RAM to the max imum . Cons i d e r  
t h e  f o l l owing l i s t  o f  h in t s on how t o  s ave s p a c e  b e f o r e  y o u  wr i t e  even 
the f i r s t  l ine o f  a p ro g r am tha t might eventua l ly e ncoun t e r  memo ry l im i t a t i ons . 
I f  y o u  c an incorp o r a t e  the s e  sugge s t i o n s  i n t o  y o u r  own p ro g ramming s ty l e , 
you ' l l  be  s u rp r i se d  a t  the  c omp l ex i t y  o f  p rograms t h a t  can  be  deve l op e d  
in the  4 , 6 9 8  b y t e s  o f  memory your  I n t e r a c t  h a s  f o r  BAS I C  p rogramming . 

1 )  

2 )  

U s e  subro u t i n e s  e x t e n s i ve l y .  I f  
out  a prog ram , then put  t hem in 
sub rou t in e s  t o  c o n s e rve space . 
whe reeve r p o s s ib l e , ra ther  than 
l e s s  RAM . 

c e r t a i n  ope r a t i on s  a re s imi l a r  t h rough
s ubrout i n e s  o r  in a s e t  o f  n e s t e d  
U s ing GOSUB s t o  i nvoke p r o c e s s ing 
rep e a t i ng s t a t ement s ,  consume s c on s i derably 

C omb ine  s ta t emen t s  on a s ing l e  l ine . 
can  l og i ca l ly and e a s i ly be p l ac e d  on 
the  i n d i v i du a l  s t a t ement s  w i th c o l ons  
th i s  mann e r  reduces  the  p rogram s i z e . 

Many s e quenc e s  o f  s t a t ement s 
a s ing l e  l ine by s e p a r a t ing 
( : ) . C omp a c t ing programs in 

3 )  Reuse  var i ab l e  name s .  Try t o  u s e  s imp l e  var i ab l e  n ame s -- I , J ,  P ,  
Q ,  e t c . , f o r  n on-r e l a t e d  opera t i ons  s uch  a s  p a u s e  l o op s , r a t he r  than 
d e f ining new v a r i ab l e  name s .  Each var i a b l e  y o u  name r e qu i r e s  ano ther  
entry  in  the  symbo l t ab l e .  

4 )  U s e  sho r t  var i ab l e  name s .  S ing l e -cha r a c t e r  v a r i ab l e  name s cons ume 
l e s s  RAM than l onge r name s . 

5 )  U s e  CLEAR ( O ) . I f  your  p rog ram does  not  u s e  any s t r ing var i ab l e s , 
p l ac e  a CLEAR ( O ) s t a t emen t  e a r l y  in  your  p ro g r am t o  e l imina t e  the 
space a u t oma t i c a l l y a l l oc a t e d  f o r  s t ring  v a r i ab l e s  by  BAS I C .  Th i s  
incre a s e s  t h e  space  ava i l ab l e  f o r  nume r i c  var i ab l e s  o r  s ta t emen t s  
b y  50  b y t e s  ( t o  4 7 48 by t e s ) . D o  n o t  u s e  CLEAR ( O ) i f  y o u  u s e  even 
one s t r ing v a r i ab l e . I n  t h i s  c a s e , you  c ou l d  u se CLEAR t o  re duce 
the s t r ing  v a r i ab l e  space  t o  a l l  but  a f ew b y te s .  

6 )  Omi t t h e  END s t a t emen t . END i s  not  r e q u i r e d  t o  t e rmina t e  a p rog ram 
and c a n  be omi t t ed  w i thout a f f e c t ing p rogram o p e ra t i on .  

7 )  U s e  REM s t a t ement s s p a r i ng l y , i f  a t  a l l .  Rema rk s t a t emen t s , wh i l e  
they d o  document a p rogram ' s ope r a t i o n , r e qu i re p rec i o u s  RAM f o r  s t orage . 
U s e  t hem on l y  when ab s o l ut e ly  nec e s s ary and be  p repared  t o  d e l e t e  
them f rom p ro g rams t o  gain  memo ry a s  p r ograms i n c r e a s e  i n  s i z e . 

8 )  U s e  M i c ro s o f t  8K F a s t  G raph i c s  BAS I C .  Th i s  BAS I C  h a s  t h e  s ame capab i l i t i e s  
a s  t h e  o l d e r  Leve l I I  BAS I C , b u t  i t s  e x t ended  PLOT c a p ab i l i t ie s  l e t  
you  e l imina t e  many FOR . . .  NEXT l oo p s  a s s o c i a t e d  w i th s c reen g raph i c s  
ent i re l y .  M i c ro s o f t  8 K  BAS I C  l e t s  y o u  deve l op l a rge r programs u s ing 
the  s ame amount of RAM . 
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9 )  Omi t embedded  b l ank s . B l anks are  not  nec e s s a ry i n  BASI C  s t a t ement s .  
In f ac t , BAS I C  i gnores  t hem.  You can omi t b l anks w i thout  a f f e c t i ng 
program ope r a t i on , excep t a s  needed  i n  s t r ing con s tant s .  

1 0 )  P l ac e  f requent l y  c a l l e d  s ubrou t ines  on l ow l ine numb e r s . L ine numb e r s  
a l s o  consume RAM , and , by  p l ac ing the s e  subrou t i ne s  o n  l in e s  w i t h  s ing l e  
o r  two-d ig i t  l ine numb e r s , the l ine numb e r  r e f e renc e s  i n  s u b s e quent  
GOSUB s ta t emen t s  w i l l  be  s h o r t e r  and  consume l e s s  RAM . 

1 1 )  Omi t  the  i t e ra t i o n  v ar i ab l e  name in  NEXT s t a t ement s .  The v a r i ab l e  name 
is op t i ona l and c an be omi t te d  to gain  a coup l e  b y t e s  o f  s t o rage f r om 
each FOR . • .  N EXT l oop . 

1 2 )  U s e  AND and OR i n  I F  s t a t ement s  t o  t e s t  mu l t ip l e  cond i t i o n s , r a th e r  
than u s ing mu l t ip l e  I F  s t a t ement s .  The l og i c  f o r  mul t ip l e  t e s t s  c an 
usua l ly b e  comb in e d  into  a s ing l e  I F  s t a t ement . 

1 3 )  U s e  the  I F  . . .  THEN c ons t ru c t ion and chain  mu l t ip l e  s ta t eme n t s t o  b e  p e r f o rmed 
i f  the c ond i t ion t e s t s  " t rue"  f o l l owing THEN . Thi s  metho d gene ra l ly 
r e qu i r e s  l e s s  RAM t han the  IF  . . .  GOTO con s t ruc t ion . ( Se e  Cond i t ional  
Re l a t i onsh i p s  i n  Chap t e r  2 for  an examp l e  o f  r e duc ing program s i z e  i n  
t hi s  way . ) 

1 4 )  U s e  the  "wrap-around"  f e a ture  o f  the OUTPUT s t a t ement . When u s ing OUTPUT 
to  d i s p l ay t ex t  on the s c reen , mu l t ip l e  l in e s  c an be d i r e c t e d  t o  t h e  
screen  f rom a s ing l e  OUTPUT s t a t ement by embedd ing the  nec e s s ary  numb e r  
o f  b l anks i n  t h e  s t r i ng . 

1 5 )  S t o r e  f re qu e n t l y  u s e d  s t r ing c ons t ant s o r  numer i c  v a l u e s  i n  v a r i ab l e s . 
The s u b s e quent  r e f e rence t o  the  var iab l e  name w i l l  genera l l y r e q u i r e  
l e s s  RAM t han repea t ing the  s t r ing o r  the  compu t a t i o n , p a r t i cu l a r ly 
i f  t h e  s t r i ngs  o r  compu t a t i ons  are  l eng thy . 

1 6 )  U s e  t h e  z e ro th e l ement o f  array s . N o t e  that a D IM A ( 1 0 )  s t a t emen t  
actua l ly a l l oc a t e d  e l even l oc a t ions ( A ( O )  - A ( 1 0 ) ) .  U s e  the  A ( O )  ce l l  
f o r  d a t a  s t o rage . 

1 7 )  U s e  v a r i ab l e s  t o  d imens ion  mu l t ip ly-d imen s i oned  a r r ay s .  The s ta t ement 
DIM A ( N , M )  a l l ows d imens i oning t o  occur during program execut ion  t o  
f i t  t h e  s i z e  r e q u i r e d  b y  t h e  p rogram , rather  t h an o ver-dimens ion ing 
t o  f i t  a max imum-s i z e d  p rob l em .  

1 8 )  Con s i de r  a program ' s intent  when conve r t ing p r ograms f rom ano the r c ompu t e r . 
Many p rograms have l ong PRINT s t a teme n t s  that  r e qu i re l arge  amo un t s  
o f  RAM . Conve r t ing s uch p rograms into  a g raph i c  o r i e nt a t i on may make 
them more i nt e r e s t ing as we l l  a s  more space-e f f i c i e n t . 

1 9 )  U s e  u s e r-de f ined f unc t i on� . The DEF s t atement c an h e l p  y o u  e l imina t e  
rep e a t e d  c a l cu l a t i o n s  o f  sub-exp r e s s i ons . S uch re dundancy w i l l  u s ua l l y  
c o n s ume mo re space  f o r  computat i on a l  p roce s s e s  t han i s  a c t ua l ly n e e de d .  

2 0 )  Con s i de r  p rogram s e gmen t a t i on .  I f  your p rogram i s  a l arge , seque n t i a l  
opera t i on , y o u  may b e  ab l e  t o  d i v i de i t  into  two o r  more  s ep a r a t e d  programs 
tha t are  c a l l e d  wi t h  CLOAD s t a tement s  at the  end of e a ch p rogram . 
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2 1 ) U s e  DATA s t a t emen t s  f o r  d a t a  r e f e rence i n  p rograms . DATA s t a t emen t s  
are  more  e f f i c i ent  f o r  wo rking w i th p r e s e t  t ab l e s  o f  nume r i c  o r  s t r ing  
i n f o rma t i o n  than is  a s s igning the t ab l e  va l u e s  to  d imens ioned a r r ay s .  
The e x t ra t ime requ i r e d  t o  RESTORE and READ the  DATA s tateme n t s  i s  
u s ua l ly i n s i gn i f icant , whi l e  t he space  s avings  a re subs tant i a l .  Y o u  
s ave s p a c e  b e c a u s e  o n l y  o n e  "copy"  o f  the  i n f o rmat i on r e s i d e s  i n  RAM , 
rather  than two . We a l so recommend that  you  p u t  a s  many d a t a  va l ue s  
into  a s ing l e  DATA s ta t ement a s  p o s s ib l e .  
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RS 2 3 2  BASI C  

RS 2 3 2  BAS I C  i s  a ve r s i o n  o f  Leve l I I  BAS I C  t h a t  h a s  b e en expanded t o  p rov i de 
the c a p ab i l i ty o f  a c c e s s ing a l inep r i n t e r  t o  p roduce  p ro g ram l i s t ing s o r  
f o rma t t e d  repo r t s .  I t  h a s  a l l the s ame l anguage c a p a b i l i t i e s  and f e a t u r e s  
a s  Leve l I I  BAS I C , b u t  w i th two a dd i t i o n a l  c ommand s --LLIST  a n d  LPRINT . 

Your  I n t e r a c t  mus t  be  e q u ipped  w i th an RS 2 3 2  p e r iphe r a l  i n t e r f ac e  i n  order  
t o  l oa d  and  run RS 2 3 2 BAS I C .  If  you a t t emp t to  l oa d  RS 2 3 2  BAS I C  into  an  
I n t e r a c t  tha t does  not  have the p e r iphe r a l  i n t e r f a c e , the  i n t e rp re te r  w i l l  
app e a r  t o  l o a d  c o r r ec t ly ,  then r e t u rn t o  t h e  DEPRESS  L TO LOAD TAPE s c re e n .  
Th i s  h appens  b e c a u s e  RS 2 3 2 BAS IC  a t t emp t s  t o  i n i t i a l i z e  t h e  p o r t  when i t  
l oa d s . I f  i t  d o e s  n o t  f ind a p o r t  t o  i n i t i a l i z e , t h e  i n t e rp r e t e r  cannot  
func t i on  p ro p e r ly .  

Lineprinter  Acc e s s  

Two c ommands  a re ava i l ab l e  f o r  a c ce s s ing a l inepr i n t e r  i n  RS 2 3 2  BAS I C . 

The LLIST c omman d  produc e s  a l inep r i n t e r  l i s t ing o f  t h e  BAS I C  p rogram curren t l y  
i n  memory . LLIST  c an b e  u sed  i n  d i r e c t  mode o n l y . To p ro duce  a l i s t ing , 
type  

The  LLI ST c omman d  w i l l  appe a r  on your  TV s c reen . The p rogram ,  howeve r ,  
wi l l  l i s t  o u t  on  t h e  l inep r int e r .  

Like t h e  L I S T  c ommand , LLIST wi l l  l e t  you s p e c i fy a s t a r t ing l ine  number  
f o r  t h e  p rogram l i s t ing . I f  you have a p rogram t h a �s 500 l ines  l ong , and  
you  o n l y  want  t o - s e e  t h e  l a s t  200 l in e s , you  might  type  

The  p rogram l i s t i ng wi l l  begin  w i th l ine  3 00 . L i s t e d  l ine s can  be up 
to 7 2  cha r a c t e r s  l ong . 

The LPRINT c ommand a l so outpu t s  i n f o rma t i on t o  a l inep r in t e r .  LPRINT c an 
be u s e d  i n  d i re c t  mode , b u t  i t ' s  more  c ommon l y  embe dded  i n  a p rog ram t o  
p roduc e f o rma t t e d  r e p o r t s , ana l y s e s , summa r i e s , e t c . I n  t h i s  c a s e , the  
LPRINT c ommand i s  n o t  executed  unt i l  the  p rogram is  RUN . 

L ike the  PRINT c ommand , LPRINT c an be u s e d  t o  d i sp l ay v a r i o u s  types  o f  
s t r ing o r  nume r i c  i n f o rma t i on . I t  ope r a t e s  i n  the  s ame way that  the PRINT 
comman d  d oe s , a l l ow ing mu l t ip l e  i tems t o  be  i n c l �d e d  on  a s ing l e  s ta temen t . 
You ' l l  f in d  the  a r i t hme t i c  d i sp l ay cont ro l f un c t i o n s  ( d i s c u s s e d  in  chap t e r  
2 ,  page  2 - 1 1 )  t o  be  u s e f u l  f o r  f o rma t t ing o u t p u t  t o  t h e  l in ep r i n t e r  w i t h  
LPRINT . 
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Wha t  k in d  o f  p r in t e r  shou l d  you  u s e  w i th your  int e rf ac e  and R S 2 3 2  BAS I C ?  
The o n l y  r e s t r i c t i on o n  the k ind o f  p r int e r  that  can be  u s e d  t o  p roduce  
f o rmat t e d  repo r t s  and p rogram l i s t ings w i th y our I n t e r a c t  i s  that  it  mus t  
b e  R S 2 3 2-comp a t ib l e  t o  run d i r ec t l y  o f f  the  i n t e r f a c e  p o r t . 

I f  you g o  shopp ing f o r  a p r in t e r  t o  keep y our I n t e r a c t  c ompany , y ou ' l l  f ind  
tha t t h e r e  a re many d i f f e rent  R S 2 3 2-comp a t i b l e  p r i n t e r s  ove r  a w i de p ri ce 
range . T h e  p r i c e y ou ' l l  p ay f o r  a p r int e r , o f  cour s e , i s  d i r e c t l y  r e l a t e d  
t o  t h e  p r in t e r ' s  f e a t u r e s  a n d  capab i l i t i e s . 

Pe r s o n a l l y , we l ike the  COMPRINT 9 1 2-S . I t  p ro v i d e s  cons i s t e n t  qua l i ty 
h a r d  c opy t h a t  photocop i e s  e x t r eme l y  wel l .  V i r t ua l ly a l l  the  examp l e s  i n  
t h i s  manu a l  we re  p roduced o n  o u r  R S 2 3 2-equipped I n t e r a c t  w i t h  R S 23 2 BAS I C  
and o u r  COMPRINT 9 1 2-S  p r in t e r . 

I / 0 P ar amet e r  Contro l 

A l though you  can  u s e  any R S 2 3 2-comp a t i b l e  l inep r in t e r  wi th the  M i c r o  V i deo  
p e r iphe ra l in t e rf a c e  and R S 23 2 BAS I C , s ome p r int e r s  a re not  s e t  up  t o  ope r a t e  
und e r  t h e  d e f au l t  inpu t / output  p arame t e r s  i n  RS 2 3 2  BAS I C .  The d e f au l t  I /0 
p a r ame t e r s  i n  R S 2 3 2  BAS I C  a r e : 

1 200 BAUD 

8-BIT WORD LENGTH , 1 STOP BIT 

ODD PARITY 

You can  c o n t r o l the  s e t t ings o f  the I /0 pa rame t e r s  a s  approp r i a t e  t o  y o u r  
p a r t i c u l a r  p r i n t e r  by u s ing t he POKE command t o  s to r e  non-de f au l t  p a r ame t e r  
va l u e s  i n  s eve r a l d i f f e rent memory l ocat ions . 

Baud  R a t e  

RS 2 3 2  BAS I C  and the M i c r o  V i de o  int e r face  can b e  u s e d  t o  d r ive a n  RS 2 3 2-
comp a t ib l e  l inep r in t e r  a t  s t andard and non- s t anda r d  baud  r a t e s  b e tween 1 1 0  
and 1 9 200 bp s .  The d e f au l t , 1 200 baud , i s  the mo s t  c ommon l y  u s e d  baud  r at e . 

To s e t  the  baud r a t e  b e tween  600 and 1 9 200 , u se the  f o l l owing POKE i n i t i a l i
z a t ion : 

POKE 2 5098 , A  ; BAUD LATCH AT . COOOH 

whe r e  A = 1 1 1 86 0 / d e s i r e d  baud r a t e . To make things  a l i t t l e  s imp l e r , the  
t a b l e  b e l ow i dent i f i e s  the va l ue of  A for  s t anda r d  baud r a t e s . 

A = BAUD RATE 

1 8 6  600 
9 3  1 200 
4 7  2 400 
2 3  4800 
1 2  9 6 00 

6 1 9200 
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To s e t  a baud  r a t e  l owe r than 600 bps , a two-b y t e  d i v i s o r  mu s t  b e  ini t ia l ized  
with  two  s e p a r a t e  POKE s t a t emen t s .  

POKE 2 5098 , A  

POKE 25099 , B  

The f o l l ow i ng t ab l e  de f ine s the va l ue s  o f  A and B f o r  s t andard  baud  r a t e s  
s l ower than 600 b p s . 

A = B = BAUD RATE 
_ __ _.. -- -- - ···-

1 1 6  1 300 
2 3 2  2 1 50 
246 I 3 1 1 0  I 

No t e : S ome d e v i c e s do  n o t  ope r a t e  a t  exac t l y s tandard  ( 600 , 1 200 , e tc . ) 
baud r a t e s .  I f  you  have d i f f i cul t y  u s ing a d e v i c e  w i th your  I n t e ract  
and RS 2 3 2  BAS I C ,  i t  i s  far  mo re  l ike l y  t h a t  the  d e v i c e ' s  requ i r e d  
baud r a t e  i s  s l igh t l y  o f f  s t andard t han t h a t  t he re i s  a p rob l em 
w i t h  your  compu t e r  o r  i n t e r f ace . Try d e c r e a s ing o r  i n c r e a s ing the  
baud rate  d i v i s o r  s l i gh t l y  f o r  c o r r e c t  opera t i on of  the  p r i n t e r . 

D a t a  F o rma t 

The d e f au l t  d a t a  f o rma t p a rame t e r s  i n  RS23 2 BAS I C  a rc 8-b i t  wo rd l eng th 
wi t h  1 S t op b i t , odd p a r i ty . A l though t h i s  is a s t andard  f o rma t used by 
mo s t  p r in t e r s , s ome dev i ce s requi re a d i f f e rent  d a t a  f o rma t .  To s e t  the 
ind i v i dua l b i t s  f o r  a non-de f au l t  f o rma t , s e l ec t  as app rop r i a t e  f rom the 
f o l l ow i ng s t a t emen t s .  

S t a r t  w i th : 

To change wo rd l ength : 

A 
A 
A 
A 

A OR 0 
A OR 1 
A OR 2 
A OR 3 

To s e t  numb e r  o f  S t op b i t s : 

A 
A 

A AND 2 5 1  
A O R  4 

To s e t  p a r i ty on  o r  o f f :  

A 
A 

A AND 247 
A OR 8 
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FOR 5-BIT WORD LENGTH 
FOR 6-BIT WORD LENGTH 
FOR 7-BIT WORD LENGTH 
FOR 8-BIT WORD LENGTH ( DEFAULT ) 

FOR 1 STOP BIT ( DEFAULT) 
FOR 2 STOP BITS 

FOR NO PARITY CHECKING 
FOR PARITY CHECKING ( DEFAULT ) 



To s e t  e v e n  o r  odd  p a r i ty : 

A A AND 239  
A = A AND 1 6  

FOR ODD PARITY IF  PARITY SET ON ( DEFAULT ) 
FOR EVEN PARITY IF PARITY SET ON 

Then , to i n i t i a l i z e  the non-de f au l t f o rma t , POKE t he va l ue of A i n t o  memory 
l o c a t i o n 2 5 1 00 . 

POKE 2 5 1 00 , A  LINE CONTROL REGISTER AT . C004H 

You c an r e s e t  t o  the d e f au l t  d a t a  f o rmat w i th the  s t a t ement 

POKE 2 5100 , 1 1  

Th i s  i s , o f  cour s e , n o t  t he mo s t  e f f ic ient  way t o  d e f i n e  f orma t p arame t e r s . 
Th i s  exp l anat ion in  i n t ended  t o  exp l a in the c on s t ruc t i on o f  the  va l ue t o  
b e  POKE d i n t o  l oc a t i o n  2 5 1 00 .  T o  d e t e rmine t h e  va l ue o f  A f o r  y o u r  p a r t i cu l a r 
devi ce , you  can e n t e r  t h e s e  s ta t emen t s  in d i re c t  mode and t hen u s e  t h e  s t a t eme n t  

PRINT A 

to  o b t a i n  the va l ue o f  A .  Then , f o r  future  u s e , jou c an poke t h a t  v a l u e  
d i r ec t ly i n t o  l oc a t ion  2 5 1 00 .  

I f  you have a p r in t e r  t h a t  u s e s  non-de f au l t  I / 0 p a r ame t e r s , you  mu s t  i n i t i a l i z e  
t h e  pa rame t e r s  i n  BAS I C  b e f o r e  t ry ing t o  a c c e s s  t h e  p r in t e r . The be s t  way 
to do  t h i s  i s  to bu i l d  a sma l l  ini t i a l i z a t i on p rog ram and s t o r e  it on  t ap e . 
You ' l l  e n t e r  and  run t h i s  i n i t i a l i z a t ion p rog ram b e f o r e  you t ry t o  p roduce  
hard  copy w i t h  your  p r in t e r . Note  that  the i n t e r f ace  is  not  in i t i a l i z e d 
wi t h  the  l a t e s t  POKE i n f o rma t ion  un t i l  BAS IC  r e i n i t i a l i z e s  i t s e l f , wh ich 
i s  s igna l l e d  by the  reappearance of  the "OK" p rompt . 

L ine F e e d  Control  

You  can a l so con t r o l  a u t oma t ic l ine  f eed ing on your  p r in t e r  t hrough RS 2 3 2  
BAS I C .  The l ine f e e d  f l ag i s  ini t i a l i z e d  a 0 ( no l ine  f e ed ) . T o  s e t  a u t oma t ic 
l ine  f e e d  upon encoun t e r i ng a c a r r i age return , u s e  t he s t a t emen t  

POKE 2 509 7 , 1 0 

Program L i s t ings 

You can g e t  l i s t ing s o f  your  Leve l I I  BAS I C  p rograms o r  o f  p rograms wr i t t e n  
in  RS 23 2 BAS I C .  ( You can a l s o g e t  l i s t ings o f . Micro s o f t  8K BAS I C  programs , 
a l though you wi l l  not  be  a b l e  t o  �xecute  any ext ended PLOT commands  under  
RS 2 3 2  BAS I C  c o n t r o l .) To  l i s t  a p rogram wr i t ten  in  RS 2 3 2 BAS I C , j u s t  t yp e  

I f  y o u  w a n t  a l i s t ing o f  a Leve l I I  o r  Micro s o f t  8 K  BAS I C  p r o g ram , t h a t  
t o o  i s  p o s s ib l e . Howeve r ,  o n e  o th e r  s tep i s  requ i red . Y o u  mu s t  u s e  t h e  
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TRANSLATE c ommand  i n  RS 2 3 2 EZEDIT t o  c onve r t  the  p ro g r ams into  R S 2 3 2 f o rma t . 
RS 2 3 2 BAS I C  h a s  i n t e rna l f o rma t t ing d i f f e rent  f rom Leve l I I  o r  Micro s o f t  
8K BAS I C  b e c a u s e  i t  h a s  the  two a d d i t iona l c ommands  i n  i t s  keywo rd t ab l e ; 
the re f o re , non-RS 2 3 2  BAS I C  p rograms mu s t  b e  c onve r t e d  i n t o  the d i f f er e n t  
f o rma t .  

The re ' s  ano ther  me thod  you  c an u s e  t o  g e t  l � s t ings  o f  your  p rograms , even  
if  you ' re n o t  r e a dy t o  inve s t  i n  an i n t e r f a c e  and p r in t e r . M i c ro Video  
o f f e r s  a p r in t e r  s e rvice  t o  tho se  who do  not  h ave t h e  p r i n t e r  capab i l i t y  
o n  the i r  I n t e rac t s . 

Machine Language Integrat i on -- the USR Func t ion 

Wi t h  the  M i c ro V i d e o  MON ITOR , you c an wr i t e  your own machine  l anguage s ub
rou t ine s ,  then c a l l  them f rom a BAS I C  p rogram w i t h  the USR f unc t i o n . B e f o re 
enter ing the  USR  f unc t i o n , you mu st  d e f ine the  s ta r t ing a d d re s s  ( LSB  and 
MSB )  of  the  mach ine l anguage rout ine you wan t t o  c a l l .  You do  t h i s  b y  
en t e r ing two POKE s t a t ement s .  The va l ue put  into the f i r s t  POKE l oca t i on 
( 3 0499 ) d e f ines  the  l ea s t  s ign i f icant b i t  ( LS B )  o f  the s t a r t ing a ddre s s . 
The va l u e  p u t  i n t o  the  s econd POKE l oc a t ion ( 30 500 ) i dent i f ie s  the  mo s t  
s igni f icant  b i t ( MSB ) . S ince machine l anguage addre s s e s  a re i n  hexade c ima l , 
but  BAS IC  r e qu i r e s  t h a t  you  ent e r  a d e c ima l va l ue w i th the  POKE s t a t emen t , 
you mu s t  c onve r t  the  s t a r t ing addre s s  into two dec ima l va l ue s .  S e e  the  
Hex a d e c ima l / D e c ima l Conve r s i on Tab l e  in chap t e r  1 1  t o  c onve rt  your  subrout ine ' s  
s t a r t ing a d d re s s  t o  dec ima l q u i ckl y and e f f o r t l e s s l y . 

POKE 30499 , L  

POKE 30500 , M  

USR 

No t e  that the USR  c a l l  in R S 2 3 2  BASI C  is d i f f e re n t  f rom the o th e r  BAS I C  
int e rp re t e r s . USR  c a l l s  in  M i c ro s o f t  8 K  a n d  Leve l I I  BAS I C  r e qu i re t h a t  
t h e  a rgume n t , ( 0 ) , b e  inc l uded  on t h e  c a l l .  In  RS 2 3 2  BAS I C , t h e  U SR keyword  
i s  e n t e r e d  a l one , as  s hown above . 

In  c onc l ud ing our  d i sc u s s ion o f  RS 2 3 2  BAS I C , f o l l ow i ng a re a l ineprint e r  
l i s t ing o f  a n  R S 2 3 2  BAS I C  p rog ram tha t acce s s e s  a l inep r in t e r  a n d  the  ' ' hard 
copy" r e su l t  of  running that p rogram .  

10 L P R INT " TEST PROGRAM " 

20 CLEAR C 200 ) 

:30 A$ = 
. .  

40 FOR CH = 32 TO 96 

50 A$ · =  A$ + CHRS ( C H ) 

60 LPR I NT A$ 

?0 NEXT 
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TEST PROGRAM 

I " 

! " i  

! " i$ 

! " i$ %  

! " i$%& 

! " i$%&' 

! " #$%&' ( 

! " i$%&' ( )  
I " i$ %&' ( ) *  

! " i$%&' ( H & +  

! " #$ %&' ( H •+ , 
! n #$%&' ( ) *,+ • 

-

! " #$%&' ( ) ll& + , - .  

I " #$%&' ( ) ll&+ , - • / 
! " #$%&' ( ) * + , - .  /0 

! " #$%&' ( H >+ , - .  / 0 1  
! " #$%&' ( ) liH- , -· . /0 1 2  
! " #$%&' ( ) * + ' - . /0 1 23 

! " #$%&' ( ) ll&+ ' - • /0 1 234 

! " #$%&' ( ) *+ , - . / 0 1 2345 

! " i$%&' ( ) ll&+ , - . / 0 1 23456 

! " i$%� ( ) ll&+ , - . / 0 1 234567 

! " i$%&' ( ) ll&+ , - . / 0 1 2345678 

! " i$%� ( ) • + , - . /0 1 23456789 

! " #$%� ( ) ll&+ , - . / 0 1 23456789 : 
! " #$%&' ( ) ll&+ , - . /0 1 23456789 : ;  

! " i$%� ( ) ll&+ , - . /0 1 23456789 : ; <  

! " #$%&' ( ) •+ , - . / 0 1 23 456789 : ; < =  

l " i$%� ( ) • + , - . /0123 456789 : ; < = >  

! " i$%&' ( l • + , - . / 0 1 23456789 : ; < = >? 

! " #$%&' ( ) S+ , - . /0 1 23456789 : ; ( = )7@ 

! " # $ %&' ( l *+ , - . /0123456789 : ; < = >?@A 

! " i$%&' ( l •+ . - . /0 1 23 4 56789 : ; < = >?®AB 
! " #$%� ( ) •+ , - . / 0 1 23 456789 : ; < = >?®ABC 

! " #$%� ( l • + . - . /0 1 23456789 : ; < = >?®ABCD 

! " i$%&' ( ) li&+ , - . /0 1 23456789 : ; < = > ?@ABCDE 

! " i$%� C ) •+ . - . / 0 1 23456789 : ; < = >?®ABCDEF 

! " i$%� ( ) *+ , - . / 0 1 23456789 : ; < = >?®ABCDEFG 

! " #$%&' ( ) *+ , - . /0 123456789 : ; < = >?®ABCDEFGH 
! " i$%&' C l • + , - . /0 1 23456789 : ; < = >?®ABCDEFG H I  

" 
" 
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ABS 

ABS 

ABS i s  an a r i t hme t i c f unc t i on t h a t  re t urns t h e  p o s i t ive nume ric  v a l u e  o f  
the  g iven a r gume n t , d i s regarding the nega t i ve s ign i f  i t  ex i s t s . The ab s o l u t e  
va l ue o f  a numbe r ,  G ,  i s  de f ined a s  G i f  G i s  grea t e r  t han o r  e q u a l  t o  
z e r o  and -G i f  G i s  l e s s  t h a n  z e r o . Th i s  func t ion h a s  t he f o rm :  

whe re :  

n 

ABS ( n) 

i s  a nume r i c  va l ue . n may be  a c on s t an t , var i ab l e , f un c t ion 
c a l l ,  or a r i thme t ic exp re s s i on . 

You c ou l d  c omp u t e  t h e  a b s o l u t e  v a l ue o f  a numb e r  w i t h i n  a BAS I C  p rogram 
s t a t emen t  s uch  a s  

I F  G < 0 THEN G = -G 

Howev e r , i t  i s  e a s i e r  and more  space-e f f ic i ent  t o  u s e  the  ABS f unc t ion 
to  p e r f o rm t he t a sk , i n  a s t a t ement such a s  

G = ABS ( G )  

The va l ue r e t u rned  b y  t h e  ABS f unc t ion  wi l l  never  be  nega t i ve . ABS i s  
u s e f u l  f o r  ind ing t he a c t u a l  d i f f e rence be twe en two numb e r s  wi thout  regard 
to  whe ther  they  a re p o s i t ive or  nega k · ve . You migh t a l so u s e  it  to  conve rt  
nega t ive va l u e s  r e t urned by o t h e r  func t ion c a l l s  into  a p o s i t i ve va l ue 
t h a t  c ou l d  be  u s e d  in  o th e r  ma thema t ic a l  c a l cu l a t ions  o r  s c reen d i sp l ay .  

EXAMPLE 

1 0  CLS 

15 F ORX= 1 T0 1 1 2 : PLOT X , 20 , 3 : NEXT 

20 FOR X= l TO 1 1 2 
30 Y=20+ 30*ABS C S I N C X/6 ) ) 

40 PLOT X , Y , Z  

50 NEXT 

60 GOTO 1 0  

' .  . . 
________ ___.;. __ _:_. __ .:_, __ 
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AND 

AND 

AND i s  a re l at i on a l ( BOOLEAN ) opera t o r  that  p e r f o rms a l og i ca l , b i tw i s e  
ANDing o p e r a t io n  on two o r  more r e l a t ions . Genera l ly u s e d  in  con j un c t ion  
wi th IF s t a t emen t s , AND t e s t s  t o  d e t e rmine t h a t  b o t h  of  re l a t i on s  a d j acent  
to the  AND keywo r d  are  t ru e  b e f o re p e r f o rming the  sub s e quent  part  of  t h e  
I F  s t a teme n t . T h e  r e s u l t s  o f  any AND ing ope r a t i on i s  e i t h e r  " t rue"  o r  " f a l s e " . 
Bo th  o f  t h e  r e l a t ions  mu s t  t e s t  t rue  f o r  the  r e s t  of  t he cond i t i ona l ope r a t i o n  
t o  p ro c e e d .  I f  o n e  o r  b o th t e s t  t o  be  f a l se , t hen p rog ram con t r o l  p a s s e s  
t o  t h e  n e x t  h igher l in e-numb e r e d  s t a tement . 

EXAMPLE 

NOTES 

1 0  P R I NT " ENTER SEX , AGE " 

20 P R I NT " TO 7 PROMPT " 

30 I NPUT SX$ , AG 

40 I F  SX$= " M "  AND AG >20 THEN PR I NT " MA N " 

50 I F  SX$= " F "  AND AG > 20 THEN P R I NT " WOMAN " 
60 I F  S X$= " M "  AND AG< 2 1  THEN PRINT . BOY " 

70 I F  SX$= " F "  AND AG< 2 1  THEN P R I NT " G I RL " 

80 G OTO 1 0  

AND may a l s o b e  u s e d  i n  I F  s t a t emen t s  a l ong w i t h  t he o th e r  l og i c a l  o p e r a t o r , 
OR . S e e  the  IF  s t a t ement  f o r  f u r t h e r  det a i l s  on u s ing AND f o r  cond i t i ona l 
t e s t ing . 
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ASC 

AS C i s  a f unc t ion t h a t  c onve r t s  a lphanumer i c  chara c t e r s  into  the code  i n  
wh ich  t hey a r e  s t o r e d  i n  memo ry-- t h e i r  ASC I I  e q u i va l en t s . ASCII  i s  o n e  
o f  two unive r s a l  c o d e s  u s e d  f o r  charac t e r  hand l ing in a l l  compu t e r s .  Th i s  
func t i on h a s  the  f o rm 

whe re : 

a$  

ASC ( a$ )  r� s c ( " A " ) 

i s  any a l phanumer i c  chara c t e r  s to r e d  i n  a s t ring  var i ab l e  
o r  a s  a s t r ing cons t an t  f o r  which  t he ASC I I  e qu i va l en t  
( de c ima l c o de ) i s  to  be  r e t u rne d . I r Ehe ASCI I  e qu i va l ent  
[or  a s t r ing c on s t an t  i s  t o  be r e tu rne d ,  t he s t r ing mus t  
be enc l o s e d  i n  quo t e s  w i t h i n  t h e  p a renthe se s .  

AS C i s  commo n l y  u s e d  t o  conve r t  s t r ing d a t a  t o  nume r i c  rep r e s e n t a t i on s o  
t h a t  i t  c a n  b e  saved  on t ape f o r  f u t u r e  u s e  in  p rograms . T h e  f o l l owing 
examp l e  i l l u s t r a t e s  a s ub rout ine that  p e r f o rms a charac t e r-by-charac t e r  
conve r s i on o f  a s t r ing t o  nume r i c  data . 

EXAMPLE 

ASC 

In  t h i s  sub ro u t ine t h a t  c onve r t s  s t r ing ch� r a c t e r s  t o  the i r  AS C I I  equiva l ent s ,  
the s t r ing i s  t re a t ed a s  a d imen s ioned a rray . The c onve r s i on i s  p e r f o rmed 
by index ing t hrough the e l emen t s o f  t h e  s t r ing array  w i t h  a l oop and 
conve r t ing the I th charac t e r  o f  the a r ray t o  nume r i c  f o rm . To u s c  t h i s  
·sub r o u t ine  w i th i n  a p rogram , y o u  wou l d  a l s o want t o  inc l ude  a CSAVE-:c command 
to s t o r e  t h e  c onve r t e d  a r ray on t ape . S e e  Chap t e r  4 f o r  more i n f o rmat i on 
on t h i s  type  o f  s t r ing han d l ing and a c omp l e t e  examp l e  o f  the  c onve r s i on 
subro u t ine . 

NOTES 

300 WA( l ) =LEN C N$( ! ) ) + 1  

3 1 0  I F  WA( 1 )=1  THEN RETURN 

320 FOR J=Z TO WA C 1 )  

330 L$=MID$ ( N$( l l , J - 1 , J )  

340 WAC J ) =ASC C L$ )  

350 NEXT J 

360 RETURN 

ASC i s  a " c ou s in"  o f  the CHR$ func t ion , wh ich c an be u s e d  t o  conve r t  nume r ic 
d a t a  b a ck t o  s t r ing da t a .  S e e  the  CHR$ f unc t ion  f o r  mo re  i n f o rma t i o n  on 
that  f unc t i on and a t ab l e  of AS C I I  e qu i va l en t s  f o r  charac t e r s  on the I n t e ract 
keyb o a r d . 
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ATN 

ATN 

ATN ( arct ang e n t ) i s  a t r i gonome t r i c  f unc t i on t h a t  compu t e s  the  ang l e , i n  
radians , t h a t  h a s  t h e  t angent spec i f i e d  i n  t h e  f unc t i on a rgument .  I t  h a s  
the gene r a l  f o rm 

whe r e : 

n 

ATN ( n )  

i s  a nume r i c  a rgument  to  the f unc t ion . n may b e  a nume r i c  
c o n s t ant , var i ab l e , o r  a r i thme t i c  exp re s s ion  t h a t  r ep r e s en t s  
a t angen t . 

The r e s u l t  o f  t h e  ATN f unc t ion , i f  p r int e d , i s  exp r e s s e d  in r a d ians . F o r  
examp l e , 

PRINT ATN ( . 707 ) 

r e t u r n s  t h e  v a l u e  . 6 1 5408 , wh i ch i s  e qua l t o  45 degree s .  

EXAMPLE 

The r e  a re 2 17'  r a d i an s  i n  a c i rc l e , and 5 7 . 2 9 5 8  degre e s  in a r a d i an . The 
f o l l owing examp l e  i l l u s t ra t e s  how t o  conve r t  an ang l e ' s t angent  to numb e r  
o f  degre e s .  

NOTES 

5 PR I NT 

1 0  I NPUT " TANGENT " ; T 

20 A =A TI'H T )  

30 D=57 . 2958*A 

40 P R I NT " ANGLE IN DEGREES " 
50 P R INT " I S "  ; D  

60 GOTO 5 

ATN i s  one o f  s e ve r a l  t r igonome t r i c  f unc t i ons  t h a t  c an b e  u s e d  in  BAS I C . 
O t h e r s  a re TAN , COS , and S IN . 

ATN i s  u s e d  e x t ens ive l y  in  the  Aircra f t  Lande r BAS I C  p rogram t o  s p re a d  t h e  
runway v i sua l ly a s  t h e  a i rcra f t  approach e s  t he l and ing f ie l d .  
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CHR$ 
CHR$ 

CHR$ i s  a s t r ing hand l i ng f unc t ion 
Wh i l e  ASC c onve r t s  charac t e r s  i n t o  
doe s  t he r e ve r s e . G iven a nume r i c 
i s  s t o r e d  i n  memor y  a s  t h a t  numbe r .  

t h a t  i s  a "cou s in"  o f  the ASC f unc t i on . 
the i r  dec ima l  e qu iva l ent  code s , CHR$ 
va l ue , CHR$ r e tu r n s  the charac t e r  t h a t  

whe r e : 

n 

CHR$ h a s  t h e  f o rm 

CHR$ ( n )  

i s  a nume r ic cons tant , v a r i ab l e , o r  exp r e s s i on f o r  wh i ch 
the a s s o c i a t e d  chara c t e r  i s  t o  b e  r e t urne d . 

CHR$ i s  f requent l y  u s e d  t o  conve r t  the nume r i c rep r e s e n t a t ion  o f  s t r ing 
da t a  b ack i n t o  s t r ing f orm . Because  o n l y  nume r i c  d a t a  can be s t o re d  on 
t ape , s t r ing a rr ay s  mus t  be conve r t e d  to nume r ic va l ue s  w i th the  ASC func t ion 
for s t o rage w i th C S AVE>c . They a re l a t e r  read back i n t o  a p rogram w i th 
CLOAD* , then  c onve r t e d  b ack t o  s t r ing f orm w i th CHR$ . S e e  Chap t e r  4 f o r  
d e t a i l s  o n  t h i s p roce s s . 

EXAMPLE 

We ran t h i s  sma l l  p rogram in RS 2 3 2  BAS I C  t o  p ro duce  t h e  d a t a  f o r  the  AS C I I  
Equ i va l en t s  T ab l e  o n  t h e  f o l l owing page . I f  y o u  do  n o t  have t h e  R S 2 3 2  
int e r f ac e  a n d  a l inep r i n t e r ,  change the  LPRINT s ta t ement s i n  t h i s  p rogram 
t o  PRINT s t a t emen t s  to  d i sp l ay the va l ue s  on your  TV s c r e en . 

NOTES 

10 LPR I NT TABC 20 ) ; " ASC I I  EQU I VALENT S  TABLE " 

15 LPR I NT : LPR I NT : LPR I NT 

20 FOR I = 33 TO 1 26 

30 LPR I NT I ; TAB C 6 l ; CHR$( l )  

40 NEXT 

See the ASCI I  Equiva l en t s  Tab l e  on the next  page to v i ew the I n t e r a c t  charac t e r  
s e t . 
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CHR$ 

ASC I I  EQU I V ALENTS TABLE 

33 65 A 97 a 

3�1 65 B 98 b 
3 5  * 67 c 99 c 

36 $ 68 D 100 d 
3 7  % 69 E 1 0 1  e 

3 8  & 70 F 1 02 f 
39 7 1  G 1 0 3  � 
4 0  ( 72 H 1 0 4  h 

4 1  ) 73 I 1 0 5  

42 * 74 J 1 0 6  

43 + 75 K 1 0 7  k 
44 76 L 1 08 

4 5  77 M 109 m 

46 78 N 1 1 0 n 

47 / 7 9  0 1 1 1  0 

4 8  0 80 p 1 1 2 p 
49 1 8 1  Q 1 1 3 q 
5 0  2 82 R 1 1 4 r 

5 1  3 83 s 1 1 5 s 

52 4 8 4  T 1 1 6 t 
5 3  5 85 u 1 1 7 u 

54 6 8 6  v 1 1 8 v 

5 5  7 87 w 1
'
1 9  w 

56 8 8 8  X 1 2 0 . X 

5 7  9 89 y 1 2 1  4 
58 8 0  z 122 ::z 
59 ' 9 1  [ 1 23 ( 
60 < 92 '- 1 24 
6 1  9 3  ] 1 2 5  } 
62 > 94 1' 1 26 ':" 
63 ? 95 

6 4  @ 96 
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CLEAR 
CLEAR 

CLEAR i s  a s ta t ement t h a t  c an be  u s e d  in e i th e r  d i re c t  o r  indirect  mod e  
t o  s e t  a l l  v a r i a b l e s  e qu a l  t o  z e ro o r  t o  a l l oc a t e  memory f o r  s t r ing h a n d l ing . 
I t  h a s  the  f o rm 

whe re : 

n 

CLEAR [ n ]  

i s  an o p t iona l  nume r i c  c on s t an t  whi ch , i f  i nc l ude d ,  d e f ines  
the  numb e r  of  bytes  of  memory to  be  r e s e rve d for  s t r i ng s . 

I f  CLEAR i s  u s e d  wi thout  the  a rgume n t  n ,  a l l  v a r i ab l e s  
a r e  r e s e t  t o  z e r o  and the  amount  o f  s p a c e  a l l oc a t e d  f o r  
s t r ing handl ing r e t urns  t o  t h e  d e f au l t , 5 0  byt e s . 

CLEAR i s  n o rma l ly p l ac e d  a t  the  beg inning o f  a p rogram t h a t  needs  more  
s t ring  s p a c e  than t h e  d e f a u l t  o f  50  b y t e s . I f  u s e d , i t  shou l d  b e  p l ac e d  
i n  t h e  p r o gr am b e f o re a ny D IM s t a temen t s , b e c au s e , i n  a dd i t ion t o  s e t t ing 
a l l  v a r i ab l e s  to z e r o , CLEAR a l s o "und imen s i o n s "  a l l  a r r ay s . N o t e  that  
a s  y o u  a l l o c a t e  more  memo ry f o r  s tr ing hand l ing , t h e  amount of  memory ava i l ab l e  

· fo r  p rogramming d e c rea s e s . 

CLEAR s tay s a t  the  v a l u e  s e t  unt i l  i t  i s  r e s p e c i f i e d  by  another  CLEAR s t a t ement , 
o r  unt i l  BAS I C  i s  r e in i t i a l i z e d  by r e l o a d ing i t .  The NEW s t a t ement d o e s  
not  r e s e t  CLEAR t o  the  d e f au l t , nor  doe s the  RESET-R r e s t a r t  s e quenc e . 
The r e f ore , i f  y o u  u s e  a CLEAR s t a t ement i n  one o f  y o u r  p ro grams , rememb e r  
to  r e s e t  i t  i n  d i re c t  m o d e  b e f o r e  running o th e r  p ro g r ams , a s  t h e y  may n o t  
r u n  un l e s s  they  a l s o  conta in a CLEAR s t a tement . 

I f  y o u  t ry t o  s ave more  s t r ing d a t a  t h an f o r  whi c h  s p a c e  i s  a l l oc a t e d , 
an " ?O S  ERROR" w i l l  r e su l t . Th i s  happ ens  b e c a u s e  y o u  a r e  t ry ing t o  s ave 
more  t ex t  t han the program a l l ows . C o r r e c t  the e rr o r  by u s ing the CLEAR 
s t a t ement t o  a l l o c a t e  more  b y t e s  f o r  s t r ing s t orage . 

EXAMPLE 

Typ e  t h e  f o l l owing s ta t emen t s  i n  d i rec t mode t o  s e e  the  r e s u l t  o f  the  CLEAR 
s t a t ement : 

ijj$3(1)] 
4698 
CLEAR ( 2 500 ) 

ijfi;J#I(t)) 
2 1 98 
kliti3WM 
2500 

i!m 
diiJROl 
4698 
ili>IM111l 
so 
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CLEAR 
NOTES 

U s c  the ? FRE ( "A" ) s t a t ement t o  f ind out  how many by t e s  o f  memory a re a l l oc a t ed 
for  s t r ing h an d l ing . 

You cann o t  CLEAR more  memo ry than i s  ava i l ab l e . 

There  a r e  a c tu a l ly mo re  than 4698  by t e s  ava i l ab l e  f o r  programming , b ecau s e  
BAS I C  by  d e f au l t  a l l o c a t e s  5 0  byt e s  f o r  s t r ing s .  I f  y o u  type  CLEAR ( O ) , 
then t y p e  t h e  ? F RE ( O )  s t a t ement , you wi l l  s e e  t h a t  BAS I C  r e t u rn s  ava i l ab l e  
memo ry o f  4 7 48 b y te s . U s e  t h i s  w i t h  caut ion , howeve r , a s  i t  r e q u i r e s  t h a t  
t h e  p r o gr am have ab s o l u t e l y  n o  s t r ing hand l ing . 
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CLOAD 
CLOAD 

CLOAD i s  a d i r e c t  mode command or i n d i r e c t  mode p ro gram s ta temen t  tha t 
a l l ows  y o u  t o  l oa d  a program o r  data  a rray i n t o  memory f rom tape . CLOAD 
can t ake t h r e e  f o rms : 

whe r e : 

name 

a 

EXAMPLE 

CLOAD 

CLOAD "name" 

CLOAD*a 

i s  the name , enc l o s e d  in quot e s , y o u  a s s i gned  t o  the  p rogram 
when you  s ave d i t  on t ape w i t h  the  CSAVE c ommand . " name " 
i s  op t i ona l on  CLOAD , even i f  you  s ave d t h e  program wi th 
a n ame . H oweve r ,  i f  you have mo re  t han one p rogram s to r e d  
on  a t ap e , u s ing " name "  t e l l s  BAS I C  t o  l ook f o r  a n d  l oa d  
on l y  the  p rogram wi th t h a t  name . I f  a p rogram w i th t h a t  
name c anno t b e  f ound , the  t a p e  w i l l  c on t i nue t o  run , and 
you w i l l  h ave t o  u s e  the  RESET-R s e quence to r e s ume norma l 
BAS I C  o p e r a t ion . 

i s  a d imen s ioned  a rray name i n t o  wh i c h  an  a r ray t h a t  h a s  
been  s to r e d  on t ape wi l l  b e  r e a d . We r e commend t h a t  t h e  
a r ray you  read  into  b e  d imen s ioned  i dent i c a l l y t o  the  spe c i f i
c a t ions  i n  whi ch i t  wa s wri t t en t o  tape , p a r t i c u l a r l y  i f  
i t  i s  mu l t i-d imens ione d , s o  t h a t  BAS I C  wi l l  hand l e  i t  p rope r l y .  
You mu s t  spec i fy " a "  i f  you u s e  CLOAD>'< t o  enter  a rray data . 
BAS I C  a lway s  l oa d s  the  f u l l a rray s t o re d  on  tape when you 
use the CLOAD�c c ommand . 

To w r i t e  a nume r i c  a rray t o  tape , you cou l d  u s e  a s e quence a s  f o l l ows : 

1 0  D I M  A ( 2 5 ) 

20 F O R  I = 1  TO 25 : A C I ) = I : NEXT 
30 CSAVE*A 

Then , to r e a d  the  d a t a  b ack in , your p rogram might b e : 

NOTES 

10 D I M  A C 25 )  

20 CLOAD*A 

30 FOR I = 1  TO 25 : PRINT A C I ) : NEXT 

CLOAD turns  the  t ap e  mo t o r  o n .  For  read i ng in nume r i c  array s , the  t ape  
shou l d  be  prope r l y  p o s i t ioned  b e fore  CLOAD is  i s s u e d . You can u s e  the  
REWIND comman d  for  t ap e  p o s i t ion ing . The  READ c a s s e t t e  but ton s h ou l d  b e  
dep re s s ed  b e f ore  a c a r r i age r e t u rn t o  exe c u t e  CLOAD i s  g iven . 
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CLOAD 
CLOAD -- NOTES 

CLOAD c annot b e  u s e d  t o  l oa d  s t r ing d a t a  f r om tape  wi t h  the  f o rm CLOAD*A$ . 
BASIC s t o res i n f o rma t i o n , whe ther  textual  o r  nume r i c , on  tape  a s  nume r i c  
da ta . Y o u  mu s t  t h e r e f o r e  h ave a rout ine i n  your program t h a t  c onve r t s  s t r ing 
da ta  t o  nume r i c  d a t a  t o  CSAVE•'r it  on tape , and another  rout ine  to conve r t  
the nume r i c  d a t a  back t o  s t r ing f o rm b e f o re i t  can b e  r e u s e d  by  the p rogram .  
See  Chap t e r  4 and t he ASC f unc t i on f o r  an examp l e  o f  such a rout ine . 
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CLS 
CLS 

CLS c an b e  u s e d  a s  a d i re c t  mode command o r  a p rogram s ta t ement . I n  b o th 
c a s e s , CLS c l e a r s  the  TV s creen  o f  any inf orma t i o n  curren t ly there . I n  
d i r e c t  mode , the BAS I C  "OK" p r omp t app e a r s  a t  the  b o t t om o f  the screen  
imme d i a t e l y  af t e r  the  s c reen i s  c le a re d .  When CLS  i s  used  wi thin  a p r o g r am ,  
the  s c reen rema ins  b l ank unt i l  another  p r ogram s t a t ement c a u s e s  s ometh ing 
t o  b e  outpu t . 

In  d i r e c t  mode , CLS may b e  f o l l owed by a WINDOW c ommand t o  a i d  i n  graph i c s  
deve l opment .  C L S  i s  a l s o  f re quent l y  u s e d  a s  one o f  the  f i r s t  ins t ruc t i ons 
in a p rogram so t h a t  the  program begins  exec u t i on w i t h  a f re sh s c reen . 

EXAMPLE 

NOTES 

10 CLS 

20 P R I NT " WHAT' S YOUR NAME • 

3121 I NPUT NS 
35 CLS 

40 FOR 1 = 1  TO 1 121121 

5121 C=RND ( 1 ) •8 

6121 OUTPUT NS , 35 , 4121 , C  
70 NEXT 

80 G O T O  10 

A l t e rn a t e  me thods  f o r  c l e ar ing the s c reen w i th mor e  v i s u a l  var i e ty i nc l ude : 

• PLOT 1 , 1 , 0 , 1 1 2 , 7 7 t o  wipe  the s c reen  c l e a r  f rom l e f t  t o  r i gh t  

• PLOT 1 , 1 , 1 , 1 1 2 , 7 7 : PLOT 5 , 5 , 0 , 102 , 68 t o  wipe  f rom l e f t  t o  r i ght  i n  
two d i f f e rent  c o l o r s  

• Vector  G raph i c s  Subrout ines f o r  v a r i ou s  o th e r  w i p e  e f fe ct s , s uch a s  
windsh i e l d  w i p e r  wipe s ,  c i rc u l a r  wipe s , d i agona l w i pe s , t ri an g l e  w i p e s  
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COLOR 
COLOR 

Your I n t e r a c t  h a s  e ight  c o l o r s  ava i l ab l e  f o r  i n f o rma t i o n  d i sp l ay and a n ima t i on . 
However , o n l y  f ou r  o f  the  e ight c o l o r s  can b e  i n  u s e  a t  any one  t ime . The 
COLOR s t a t ement  l e t s  you s e l ec t  the c o l o r  s e t  you want to u s e  in d i re c t  
mode o r  y o u r  p ro grams . I t  h a s  t he f orm 

whe re : 

c o l  orO 

c o l or l  

c o l o r 2  

c o l o r 3  

COLOR colorO , colorl , co lor2 , co lor3 

i s  one of  the  e igh t ava i l ab l e  c o l or s , r e f e renc e d  by c o l o r  
numb e r  ( see  b e l ow ) . The c o l o r  d e f ined  i n  t h i s  p o s i t i on 
o f  t h e  c o l or s e t  d e t e rmine s the background c o l o r  o f  t h e  
s c r e en . 

i s  one o f  the  e ight c o l o r s , a s  above . The c o l o r  in  t h i s  
p o s i t i on i n  the col o r  s e t  i s  the c o l o r  i n  wh ich  program 
l ine numb e r s  appear  when a p rogram i s  l i s t ed . c o l o r l  c an 
a l so b e  r e f e renced f r om a PLOT o r  OUTPUT s t a t ement . 

i s  one o f  t h e  e ight ava i l a b l e  c o l o r s , a s  above . The c o l o r  
i n  t h i s  p o s i t i on i n  the c o l o r  s e t  i s  n o t  u s e d  un l e s s  r e f e renced  
by a PLOT o r  OUTPUT s t a t ement . 

i s  one o f  the  e igh t ava i l ab l e  c o l or s , a s  above . The c o l o r  
i n  t h i s  p o s i t i on o f  the c o l o r  s e t  i s  the  c o l o r  i n  wh ich  
your  p r og ram l ine s appear  when t h e  p rogram is  l i s t e d .  c o l o r3 
i s  a l s o the  c o l o r  in wh ich  the BASI C  "OK" promp t and e rr o r  
me s s ages  app e a r . c o l o r3 c an b e  r e ferenc e d  w i t h  t h e  PLOT 
or OUTPUT s t a t emen t . 

You  c an s e l ec t  f r om t h e  f o l l owing c o l or s  t o  spec i fy t h e  c o l or s e t : 

0 - BLACK 
1 - RED 
2 - GREEN 
3 - YELLOW/ORANGE 
4 - BLUE 
5 - MAGENTA 
6 - CYAN ( LIGHT BLUE ) 
7 - WHI TE 

Any o f  the  c o l o r s  d e f ined  i n  the c o l or s e t  can b e  u s e d  f o r  d i s p l ay w i t h  
a n  OUTPUT o r  PLOT s t a t ement by r e f e renc ing i t s  p o s i t i on i n  t h e  c o l o r  s e t , 
a s  shown i n  the  examp l e  b e l ow .  

EXAMPLES 

1 0  CLS : COLOR 0 . 6 , 3 , 1 
20 OUTPUT " GREETI NGS " , 30 , 60 , 1 

30 OUTPUT " FROM " , 42 , 50 , 3  
40 OUTPUT " M ICRO V I DE0 " , 25 , 40 , 2  
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COLOR -- EXAMPLES 

NOTES 

10 CLS : COLOR 0 , 6 , 3 , 1 

20 OUTPUT " GREE T I NGS " , 30 , 60 , 1 

30 O U TPUT " FROM " , 42 , 50 , 3 
40 OUTPUT " M I CRO U I DE0 . , 25 , 40 , 2  

50 FOR C= 1 TO 20 

60 COLOR 7 , 0 , 2 , 4  

65 FOR P= 1 TO 5 0 : NEXT 

70 COLOR 0 , 7 , 2 , 4  
75 FOR P= 1 TO 50 : NEXT 

80 NEXT 

COLOR 

The COLOR s t a t ement s e t s  t he c o l o r  reg i s t e r s , The c o l o r  reg i s t e r  s h a r e s  
a b i t  wi th the  t ap e  mo t o r  c on t ro l func t ion . The re f o r e , when y o u  u s e  a 
COLOR s ta t emen t , the  t ap e  mot o r  i s  automa t ica l ly s h u t  o f f . S e e  chap t e r  
3 ( p age  3 - 2 ) f o r  i n f o rma t ion on c o l o r s  and t a p e  mo t o r  c on t ro l . 

The c o l o r  s e t  e s t ab l i sh e d  wi th the  COLOR s ta t ement i s  r e s e t  t o  the  defau l t  
when  t h e  RESET-R s e quence i s  u s e d  t o  r e s t a r t  BAS I C . The d e f au l t  c o l or 
s e t s  a r e : 

COLOR 4 , 3 , 0 , 7  - Leve l I I  and R S 2 3 2  BAS I C  

COLOR 0 , 3 , 4 , 7  - M i c ro s o f t  8K BAS I C  

W e  s ugge s t  y o u  e s tab l i sh y o u r  p rog ram c o l or s  e a r l y  i n  t he p rogram a n d  t o  
change t hem w i th i n  p rogram execut i on w i th regard  t o  a e s the t ic e f f e c t s .  
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cos 
cos 

COS is a t rigonome t r i c  f unc t i on that  comp u t e s  the c o s i ne of an ang l e , g iven 
the ang l e  in r a di an s . I t  has the  f o rm 

whe re : 

n 

EXAMPLE 

NOTES 

COS ( n )  

i s  a n  angl e ,  exp r e s s e d  i n  numb e r  o f  r a d i ans , f o r  whi ch the  
c o s ine i s  t o  be  re turne d . n can b e  a nume r i c  c on s t an t , 
var i ab l e , o r  expre s s ion . 

1 0  PRINT : PR I NT " ANGLE I N  DEGREES " 

20 I NPUT DE 

30 R=DE/5 7 . 2958 

40 P R INT COS ( R )  

50 GOTO 1 0  

COS i s  o n e  o f  s ev e ra l  t r i gonome t r i c  f unc t ions i n t r i n s i c  t o  BAS I C .  O th e r s  
are  S IN , ATN , a n d  TAN . 
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CSAVE 

CSAVE 

CSAVE i s  a c ommand t ha t  c an b e  u s e d  i n  d i re c t  mode o r  f rom w i t h in a p ro g r am 
t o  s ave a p rogram o r  numer ic d a t a  a rray onto  t ap e . CSAVE can t ake t h r e e  
f orms : 

whe re : 

' ' name ' '  

a 

EXAMPLE 

CSAVE 

CSAVE "name" 

CSAVE*a 

i s  an op t i ona l name , e n t e r e d  in quo t a t ion  mark s , t h a t  y ou 
c an a s s i gn t o  a p rogram when y ou s to r e  i t  on t ap e . O n l y  
t h e  f i r s t  f ive charac t e r s  o f  " n ame " a r e  wr i t ten  t o  tape , 
a l though t he name can b e  a s  l ong a s  you  w i sh . I f  a program 
i s  s aved on t ape  w i t h  an a s s i gn e d  name , i t  can b e  r e l oaded  
l a t e r  w i th o r  wi thout spec i f y ing t h e  name . 

i s  a d imen s ioned array f rom whi ch d a t a  i s  t o  b e  s t ored  
on t ap e . BASI C  a lway s s ave s the  f u l l a rray  name d ' a '  on  
t ap e  w i t h  t h e  CSAVE c ommand . 

Examp l e s  o f  u s i ng CSAVE t o  s to r e  d a t a  on t ap e , then read  i t  back i n t o  memory 
can be f ound i n  chap t e r  4 and w i th the  CLOAD e n t ry i n  t h i s chap t e r .  

NOTES 

CSAVE c annot b e  u se d  t o  s ave s t r ing d a t a  w i t h  t h e  f o rm C SAVEo'<A$ . BASI C  
s to r e s  in f o rma t i on , whe t h e r  t ex tua l o r  nume r i c , on  t ap e  a s  nume r i c  d a t a . 
You mus t  t h e re f o r e  have a rout ine in your  program t h a t  c onve r t s  s t r ing 
d a t a  to a nume r i c  repre s en t a t i o n  to CSAVE the d a t a  on t ap e . You mus t  a l s o  
have ano t h e r  r ou t i ne t o  c onve r t  t he nume r i c  d a t a  b ack t o  s t r ing f o rm t o  
r e u s e  t h e  d a t a  a f t e r  r e a ding i t  back i n t o  memo ry . S e e  t h e  A S C  f unc t ion 
and chap t e r  4 f o r  e xamp l e s  of  t h i s  opera t ion . 

CSAVE t urns t h e  t ap e  mo t o r  on . For  wr i t ing p ro grams o r  nume r i c  a r rays 
to  t ap e , the t ap e  shou l d  be p ro p e r l y  p o s i t i o n e d  b e f o r e  t h e  CSAVE c ommand 
is g iven . U s e  the REWIND command f o r  t ap e  p o s i t i o n i ng . The READ and WRITE 
ca s s e t t e  b u t t o n s  s hou l d  b e  dep r e s s e d  b e f o re execut ing CSAVE . 

A lway s u s e  t h e  REWIND c ommand t o  p o s i t i on t h e  t ap e  f o rward  s l i gh t ly b e fore  
i s s u i ng a C S AVE . Th i s  w i l l  ensure  t h a t  a l l  t h e  l ea d e r  t one r e qu i re d  t o  
r e a d  t h e  p ro g r am b ack in  s ucce s s f u l l y  wi l l  b e  r e c o r d e d . I f  y o u  a r e  s aving 
a p rogram o r  array  d a t a  on a t ap e  t h a t  a l re a dy h a s  o th e r  i n f o rma t i on s tored  
on i t , u se  t h e  REWIND c ommand and the  READ c a s s e t t e  b u t t on for  p roper  p o s i 
t i on ing o f  t h e  t ap e . 
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DA TA 
DATA 

DATA s t a t emen t s  p ro v i de a c onvenient , space-e f f ic ient  method o f  ent e r ing 
cons tant  or s p e c i f ic ( t ab l e  or p l o t t ing)  d a t a  into a program .  DATA s t a t e
men t s  may b e  u s e d  anywhere  wi thin  the p rogram because  they a r e  never execu t e d . 
The READ s ta t ement i s  u s e d  t o  r e f e rence the  d a t a  i t ems in  DATA s ta t ement s .  
DATA s t a t emen t s have the  f o rm 

whe re : 

i t em 

DATA i t em[ , i tem , i tem , • • •  ] 

i s  a s t r ing o r  nume r i c  data  va l ue tha t i s  t o  b e  e n t e r e d  
i n t o  t h e  p rogram .  More than o n e  d a t a  v a l ue c an b e  inc l ud e d  
in a s ing l e  DATA s t a tement . T h e  d a t a  v a l u e s  a re e n t e r e d  
separa t e d  by c omma s .  S t r i ng d a t a  may o r  may n o t  b e  e nc lo s e d  
in  quo t a t ion marks . You mus t  u s e  quo t e s ,  howeve r , i f  the  
s t r ing c o n t a i n s  an embedded c omma , for  e xamp l e , "Ann Arb o r , 
Mich igan" , s ince the  comma i s  the  de l im i t e r  in  DATA s t a t ement s .  

DATA s t a t emen t s  a r e  p a r t i cu l a r ly u s e fu l  when you have a l o t  o f  c on s t an t  
da t a  t o  ent e r . I t  i s  l e s s  t ime-consuming a n d  mo re  space-e f f ic ient  t o  ent e r  
t h e  d a t a  w i th DATA s t a t emen t s  a n d  t h e  READ s t a t ement t h a n  t o  s t o re t h e  d a t a  
point s in d imens i oned a r r ay s . 

Da t a  va l ue s  i n  t h e  DATA s ta t ement s  are  not  acce s s ib l e  t o  the  p rogram u n t i l  
they have b e e n  r e a d  i n t o  v a r i ab l e s  with  the READ s ta t ement . The f i r s t  READ 
s t a teme n t  e x e cu t ed s ta r t s  w i t h  the  f i r s t  d a t a  va l ue on the  f i r s t  DATA s ta t emen t 
in the  p ro gr am and r e a d s  sub s e quent  data  v a l u e s  s e quent i a l ly .  READ h a s  
a n  i n t e rna l p o in t e r  t h a t  " r ememb e r s "  where  i t  l e f t  o f f . S ub s e quent READ 
s t a t emen t s  b eg i n  reading  d a t a  with  the  va l ue f o l l owing t h e  l a s t  d a t a  v a l u e  
e n t e r e d  w i th t h e  p r e v i o u s  READ s t a t ement . A f t e r  a d a t a  v a l u e  h a s  been  READ 
in , the  v a l u e  wi l l  n o t  b e  r e u s e d  un l e s s  a RESTORE s ta t ement i s  g i ven  t o  
re s e t  t h e  READ i n t e rna l p o i nt e r . 

EXAMPLES 

In the  f o l l owing examp l e , the  numb e r  o f  d a t a  p o i n t s  e n t e r e d  w i t h  the  READ 
s t a t ement i s  c o n t ro l l e d  by the  i t e ra t ions in the FOR . . .  NEXT l oop . 

1 0  CLS 
20 Y=60 
30 FOR NL= 1 TO 4 
40 READ XL , XH 

50 Y=Y - 2  

60 FOR X=XL T O  XH 
70 PLOT X , Y , Z  
80 NEXT X 

90 NEXT NL 

1 00 D ATA 1 0 , 90 

1 1 0 DATA 20 , 80 , 30 , 70 , 40 , 50 
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DATA 
DATA -- EXAMPLES 

N o t e  that one or mo re  d a t a  p o i n t s  can b e  e n t e r e d  w i th a s in g l e  READ s t a t ement . 

The f o l l ow i ng examp l e  r e qu i r e s  Micro s o f t  8K BAS I C : 

10 CLS 

20 Y=60 

30 F O R  NL= 1 TO 4 

40 READ XL , XH 

50 Y=Y - 2  
6 0  PLOT XL , Y , 2 , XH - XL + 1 , 1  

70 NEXT NL 

80 DATA 1 0 , 90 

90 DATA 20 , 80 , 30 , 70 , 40 , 50 

Nume r i c  d a t a  can  b e  e n t e r e d  a s  s t r ing d a t a , a s  s hown i n  the  examp l e  be l ow .  
S t r i ng d a t a  c anno t ,  howeve r ,  be  e n t e r e d  i n  p l a c e  o f  nume r i c  d a t a . 

NOTES 

1 0  DATA " ANN ARBOR , M I " , 48 1 04 
20 DATA " CORONADO , CA " , " 92 1 18 " , " M I NNEAPOL I S ,  MN " , 55409 

30 FOR I=l TO 3 

40 READ A$ , B$ 

50 PR I NT A$ ; " " ; B$ 
60 NEXT 

I f  y o u  t ry to READ in more d a t a  va l u e s  than appear  on the DATA l i s t , a 
" ?OD E RROR" w i l l  r e su l t .  

Other  examp l e s  o f  u s ing the  DATA and READ s t a t emen t s  t o  e n t e r  d a t a  are  
inc l ud e d  throughou t  this  chap t e r . S e e  READ , RESTORE , LOG , and  POS f o r  
other  examp l e s  t h a t  u s e  t h i s  d a t a  entry  metho d .  A l s o ,  consu l t  chap t e r  
6 f o r  f u r t h e r  i n fo rmat ion . 
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DEF 
DEF 

DEF s ta t emen t s l e t  you  d e f ine your own f unc t ions w i th i n  a program f o r  ope ra t i ons 
used  mu l t i p l e  t imes . DEF might  be cons idered  a one- l ine subrout ine w i th 
a b u i l t-in  RETURN s ta t ement . DEF s ta tement s take the f o rm 

whe r e : 

abc 

n 

exp re s s i on 

DEF FNab c ( n )  exp r e s s ion 

i s  a u s e r-de f ined f un c t i on name that  mu s t  b e g i n  w i th the  
charac t e r s  ' FN ' . You can choose  the  r e s t  of  the  f unciion  
name a s  app r op r i a t e  for  wha t  the f unc t i o n  doe s .  

i s  a nume r i c  variab l e  whi ch a c t s  a s  the  a rgumen t  on wh ich  
the  f unc t i on is  t o  be  p e r f o rmed .  

i s  the  o p e ra t i on that  i s  t o  b e  p e r f o rmed whenever the  func t i on 
FNabc is  c a l l e d  w i th in the p rogram . 

You mu s t  b e  ab l e  t o  s umma r i z e  the f unc t i on you d e f ine w i th a DEF s t a t ement 
in a s ing l e  s t a t ement . Comp l ex operat ions canno t be  d e f ined  as f unc t ions ; 
u s e  subrou t in e s  i n s t e a d .  

DEF s t a t eme n t s c an b e  u s e d  i n  ind i re c t  mode on l y . 

EXAMPLES 

The f o l l ow i ng c l a s s ic e xamp l e  u s e s  a u s e r-de f ined f unc t i o n  t o  round f ra c t i o n s  
o f  c en t s  t o  t h e  nea re s t  penny . 

10 DEF FNPT ( ZQ ) = INT< za• 1 0 0  + . 5 ) / 1 00 

20 PR I NT 

30 I NPUT " AMOUNT " ; ZQ 

40 P R I NTFNPT ( Z Q ) 

50 GOTO 20 

The next  examp l e  s hows h ow y o u  might  u s e  the DEF f unc t i o n  to c a l cu l a t e  the  
s a l e s  t ax for  any g iven amount . I n  this  examp l e , s a l e s  t ax is  4% . 

1121 CLS 
20 DEF FNTX < A ) =A• . 04 
30 ·I NP UT " SALE AMT " ; A 

40 TX=FNTX ( A )  

5& P R I NT " TAX I S : " ; TX 

60 P R I NT 
70 GOTO 30 
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DIM 

DIM 

The D IM s t a t ement a l l oc a t e d  s t o rage f o r  arrays  ( l i s t s  or t ab l e s )  o f  i n f o rma t i on 
to  b e  r e f e renced  and u s e d  l a t e r  in  the  p rogram .  DIM  s ta t emen t s  t y p ic a l l y  
app e a r  near  the  beg inning o f  the p rogram ;  A DIM s t a t ement mus t  b e  g iven 
for  any array  of  i n f o rma t i on that  h a s  more than 10  d a t a  e l ement s ; a r r a y s  
wi t h  f ewer  t h a n  1 0  e l emen t s  may be automa t i c a l l y d imen s i oned  b y  BAS I C . 
Any s ing l e  a rray shou l d  be  d imens ioned only  once  i n  the  f l ow o f  any p rogram .  
An a r r ay mu s t  be  d imens i oned  be f o re i n f o rmat i on c an b e  s t o r e d  i n  i t  o r  
r e f e renced  f rom i t .  The D IM s t a t ement h a s  t h e  f o rm 

whe re : 

a 

n [ , q , r , s , t ] 

D IM a ( n[ , q , r , s , t ] 

i s  the  var i ab l e  name under  whi c h  i t ems in  the  a rray wi l l  
b e  s to r e d  and l a t e r  r e f e renced  b y  s u b s c r i p t . ' a '  can be 
a s t r ing or nume r i c  va r i ab l e  name , t o  d imen s ion a s t r i ng 
o r  numer i c  a rray . 

i dent i f y� the maximum s ub sc r ip t f o r  each  d imens i o n  i n  t h e  
a rray . A n  a rray c a n  h a v e  up t o  5 d imen s i on s . T h e  d imen s ions  
are  gene ra l l y used a s  f o l l ows : 

n - r ows  
q - c o l umns 
r - l ay e r s  
s - unde f ined , p o s s ib ly t ime 
t - und e f ine d 

' n '  ( q , r , s , t )  c an be a nume r i c  cons tant , v a r i ab l e , o r  exp re s s ion . 
I t s  v a l u e  spec i f i e s  the  h ighe s t  sub s c r i p t  t h a t  wi l l  be  
used  t o  r e f e rence that  p a r t i c u l a r  d imen s i on of  the  a r r ay . 
As  the  f i r s t  s u b s c r i p t  l oc a t i on o f  any a rr a y  can  be  0 ,  
t h e r e  i s  a c tua l ly one mo re l oc a t i o n  p e r  d imen s i on than 
spe c i f i e d  by the  max imum s ub s c r i p t  v a l ue . For examp l e , [DIM A ( 2 0 )  a l l oc a t e s  2 1  l oc a t i o n s  f o r  a rray A ,  wh i c h  a r e  
re f e renced  a s  A ( O )  through A ( 2 0 )  t o  re t u rn the  d a t a  e l ement s 
s t o r e d  i n  the a r ray l o c a t i on s . 

You c a n  d imens ion more t han one a rray w i th a s ing l e  DIM s t a t ement . F o r  
examp l e , 

D IM A( 20 ) , BD$ ( 1 2 , I ) , CN ( 1 4 , X+5 , 3 )  

s t o rage f o r  three  arrays-- two nume r i c  ( A  and CN ) and one s t r ing 
A h a s  one d imens i on that  can be  sub s c r i p t e d  to a maximum 
BD$ h a s  two d imens i ons--twe l ve r ows and I c o l umns . Note  

t h a t  v a r i ab l e s  can  be used  a s  the  maximum s ub s c r i p t  s p ec i f i e r  i n  a DIM 
s ta t ement . Th i s  a l l ows  max imum f l exib i l i ty in  s i z ing the a rray to f i t  
the  p r ob l em dur ing program execu t ion . The va l u e  o f  the  var i ab l e  u s e d  a s  
a s ub s c r i p t  c a n  b e  supp l i e d  in  a numbe r  o f  d i f f e rent  way s , b u t  t h e  v a l ue 
o f  the  var i a b l e  mu s t  b e  d e f ined b e f ore  the  D I M  s t a t ement i s  execu t e d . 
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DIM 
DIM 

You can d imen s i o n  a r ray s up to the  space ava i l ab l e .  I f  you t ry t o  d imens io n  
an array l ar g e r  than  t h e  ava i l ab l e  RAM o r  more arrays  than f o r  whi ch RAM 
i s  avai l ab l e , a n  " ?OM ERROR" w i l l  r e s u l t .  

EXAMPLES 

10 D I M  A C 1 5 ) 

20 FOR I = 1  TO 15 

30 I NPUT A C I )  

40 NEXT 

45 P R I NT " ARRAY CONTA I NS : "  

50 FOR I = 1  TO 1 5  

60 P R I NT A C  I )  

70 NEXT 

The next  examp l e  i l l u s t r a t e s t he u s e  o f  a variab l e  in  p l ac e  o f  a numer ic 
c on s t an t  i n  the  D IM s t a t ement . Th i s  f e a ture  l e t s  you d imens i o n  a s  approp r i a t e  
t o  t h e  s i z e  o f  t h e  prob l em ,  r a ther  than s e t t ing u p  a huge array  wh ich  may 
c on t a in unu s e d  s ub s c r ip t s . I n  the  f o l l owing examp l e , the  program u s e r  wou l d  
be  r e qu e s t e d  t o  e n t e r  a v a l ue tha t wou l d  b e  u s ed a s  the  max imum s ub s c r i p t  
f o r  t h e  a rray ( s ) . 

1 0  PR L N T " NUMBER OF " 

20 I NPUT " STORES " ; S  

30 D I M  SALES ( S ) ,  EMP C S )  

U s ing var i abl e s  i n s t e a d  o f  cons t a n t s  can a l s o  be  u s e f u l  f o r  p e r f o rming ma the
ma t i c a l  opera t i o n s  on a mat r i x  of  var i ab l e  s i z e . You c an s e t  the  s i z e  and  
d imens i ons  of  the  p rogram dur ing p rogram execut ion , a s  we l l  as  index the  
data  va l u e s  in  the a rrays . For  examp le :  

10 P R I NT " MATR I X  SIZE " 

20 I NPUT N , M  

30 D I M  A ( N , M )  

Da t a  i tems s to r e d  i n  an array are  r e f e renced  accord ing t o  the i r  d imens ion 
and s ub s c r i p t  p o s i t i o n  w i th in tha t d imen s i on .  I n  the  f o l l owing examp l e , 
the  p rogram s e t s  up a 3 by 4 ( 1 2  s l o t ) ma t r ix a s  shown b e l ow on the  r i gh t , 
c omput ing the  va l u e s  o f  each s ub s c r ip t e d  p o s i t ion by indexing t hrough the 
a r ray wi th FOR . • •  NEXT l oo p s . In  runn ing t h i s  p rogram ,  t o  f ind out  the  v a l u e  
in  any c e l l  in  the  ma t r i x , e n t e r  t h e  sub s c r ip t s  f o r  t h e  c e l l ' s  p o s i t i on 
( I  , J ) .  
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DIM 

1 0  D I M  A C 3 , 4 )  

20 F O R  1 = 1  TO 3 

30 FOR J= 1 TO 4 

A( 1 , * ) 

A( 2 , * )  

A( 3 , * )  
40 
50 

60 

70 

80 

A C I , J ) = 1 0* I +J 

NEXT : NEXT 

I NPUT " WHAT CELL " ; I , J  

P R I NTA C I , J )  
� � P R I NT : GOTO 6 0  �· 

DIM 
A ( * , 1 )  A (* , 2 ) A(* , 3 )  A( * , 4) 

1 1  1 2  1 3  1 4  

2 1  2 2  23 2 4  

3 1  3 2  33 34 

The D IM s t a t ement is a l so u sed  to  d imen s i on a r r ay s  f o r  s t r ing d a t a . S t r i ngs 
s to r e d  in  an a rray a re , l ike  nume ric  va l ue s , r e f e renced  a c c o r d ing to the i r  
po s i t i o n  i n  t he a rray  b y  sub sc r i p t . 

NOTES 

1 0  D I M  NM$ ( 1 5 ) 
20 DATA JONES , SM ITH , BROWN , S I MPSON , PETERS 
30 DATA HEt�RY , WATSON , MART I N ,  SANDBURG , WATERS , FRANK 

40 DATA ROSE , DAV I DSON , CHURCH , FORD 

50 FOR 1 = 1  TO 1 5  

6 0  READ NM$C I )  

70 NEXT 
80 P R I NT : PR I NT " STUDENT NUMBER " 

90 I NPUT S 
100 IF S < 1 OR S > 1 5 THEN 90 

1 1 0 P R I NT " NAME : " ; NM$ C S )  

120 GOTO 8 0  

For  mo re  i n f o rma t ion  on a r ray s and the i r  d imens ions , see the d i sc u s s i on 
on a r r ay s  i n  chap t e r  2 ( page 2 - 28 ) . 
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END 
END 

The END s t a t ement  marks t he f in a l  l ine o f  a p rogram . The u s e  o f  END i s  
op t iona l i f  t h e  h ighe s t  numb e r e d  l ine i n  a p rogram i s  a l s o  t h e  l a s t  execu t ab l e  
s t a temen t . Th i s  a l l ows subrou t in e s  t o  be  p l aced  o n  l in e s  w i t h  h i gh e r  numb e r s  
than t h e  l a s t  executab l e  l ine in  the ma in p rogram l og i c . I t  h a s  t h e  f orm 

END 

The END s t a t ement i s  u s e d  in i n d i r e c t  mode on l y ; i t  h a s  no f unc t ion in d i re c t  
mode oper a t i o n . 

When BAS I C  encoun t e r s  an END s ta t emen t wi thin  a p rogram , i t  h a l t s p rogram 
execu t ion  and r e sponds  " OK" . The p rogram v a r i ab l e  s t a t u s  i s  n o t  a f f e c t e d  
b y  p ro g r am t e rmina t i on w i th END , t h a t  i s ,  t he va r i ab l e s  a r e  n o t  r e s e t  t o  
z e ro .  

EXAMPLE 

1 0  I NPUT A 

20 GO SUB 1 00 

30 P R I NT A 

40 END 
100 A=A•30/5 

1 1 0 RETURN 
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EXP 
EXP 

EXP i s  an a r i t hme t i c f unc t i on that  c ompu t e s  the  ant i - l og a r i thm t o  the  b a s e  
e ( 2 . 7 1 8 2 8 )  o f  the  a rgumen t . I t  h a s  t h e  f orm 

whe r e : 

n 

EXAMPLES 

EXP ( n )  

i s  a nume r i c  c on s t ant , var iabl e ,  o r  e xp r e s s i on t h a t  i nd i c a t e s  
the  exponent i a t ion  t o  be  p e r f orme d .  I t  s p ec i f i e s  the  p ower 
to whi ch e ( 2 . 7 1 8 2 8 )  i s  t o  be r a i s e d  to p r o duce a v a l u e . 
To o b t a i n  t he v a l ue o f  V r a i s e d  t o  the  X t h  p owe r ,  you  c ou l d  
u s e  the  s t a t emen t  

V = 2 .  7 1 8 2 8 f  X 

Howeve r ,  i t  i s  s imp l er dnd more  RAM�consc i o u s  t o  u s e  the  
EXP f unc t i on :  

V = EXP ( X )  

The f o l l owing two p r og rams p e r f o rm the  s ame f unc t i o n , comput ing V ( as above ) ,  
g iven the  va l u e  o f  X .  I n  the  f i r s t  examp l e , the  exponent i a t i on va l ue i s  
e n t e r e d  f r om the  keybo a r d . I n  the  s ec ond  examp l e , DATA s ta t emen t s  are  
u s e d  to  input  the  v a l ue s . 

NOTES 

1 0  FOR I = l  TO 5 

20 I NPUT " EXPONENT " ; X 
30 PR I NT X ; EXP ( X ) : PR I NT 

40 NEXT 

1 0  FOR I=1 TO 5 

20 READ X 

30 P R I NT X ;  EXP ( X )  

40 NEXT 

50 DATA - 1 , 0 , 1 

60 DATA 1 0 , 20 

To s o l ve f o r  X ,  g i ven a va l ue o f  V ,  u s e  the  LOG func t ion . 
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FIRE 
FIRE 

FIRE i s  an a r i thme t ic f unc t ion that  r e t u rns  the s ta t u s  o f  the  f i re  but t on 
on e i ther  t h e  l e f t  o r  r i gh t ente r t a inment c o n t ro l l e r , a s  s p ec i f i e d  by the  
argument . I t  has  the  f o rm 

whe re : 

n 

FIRE ( n )  

i s  e i ther  0 o r  1 .  FIRE ( O )  check s the s ta t u s  o f  t h e  f i re 
but t on on the  l e f t  contro l l e r .  FIRE ( 1 )  checks  the  f i re  
but t on on the r igh t con t ro l l er . For  b o t h  con t ro l l e r s , FIRE 
returns  a v a l u e  of 0 i s  the f i re b u t t on i s  de p r e s s e d , and 
a va l ue of 1 if i t  i s  not . 

Bec a u s e  the  FIRE f unc t i on by nature  r e qu i r e s  a t e s t , i t  i s  u s e d  w i th i n  
IF  c on d i t ional  t e s t ing s ta t emen t s .  

EXAMPLES 

10 I F  F I RE C 0 l =0 THEN PRINT .LEFT PRESSED • 

20 I F  F i aE C 1 l =0 THEN PRINT " R I GHT PRESSED " 

30 GOTO 10 

In the f o l l ow i ng examp l e , i f  the f i re but ton on the l e f t  c o n t r o l l e r  i s  
dep re s s e d , a c o l o r e d  r e c t ang l e  appe a r s  on the s c re e n  i n  a r andom ( x , y )  
po s i t i o n .  Thi s  examp l e  wa s wr i t t en i n  M i c ro s o f t  8K BAS I C . To r un a s im i l a r  
p ro g r am u s i n g  Leve l I I  BAS I C , change l ine 1 20 t o  re a d : 1 20 PLOT X , Y , 2  

NOTES 

5 CLS 

10 IF FIREC 0 l =0 THEN GOSUB 100 : GOTO 10 

20 GOTO 1 0  
100 X=RND ( 9 l • 1 1 0 

1 1 0 Y=RND C 1 l •7 4  

1 20 P L O T  X , Y , 2 , 5 , 3  

1 3 0  FOR a- 1 TO 30 : NEXT 

140 R ETURN 

A mo r e  d e t a i l ed  examp l e  o f  u s ing the FIRE bu t t on t o  con t ro l a game p ro g r am , 
s e e  chap t e r  5 .  FIRE i s  a l s o  u s e d  in the examp l e  prog r am i n  the  JOY ent ry 
in  th i s  s e c t i o n .  
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FOR 

FOR 

The FOR s t a t emen t  e s t ab l i sh e s  a p rogram l oop ing s e quence  i n  wh ich s t a t emen t s  
o n  l ine  numb e r s  b e tween the  o r i gina t ing FOR and end ing NEXT s t a t ement s 
a r e  e x e cu t e d  a s  many t ime s a s  indicat e d  i n  t h e  FOR s t a t ement . I t  h a s  t h e  
f o rm 

whe r e : 

a 

exp l  

exp 2 

exp3 

EXAMPLES 

FOR a expl TO exp2 [ STEP exp3 ] 

i s  the  i t e ra t ion  var i ab l e , which  c on t r o l  t h e  numb e r  o f  
t ime s t h e  s t a t emen t s  i n  the  FOR . . .  NEXT l oop a re execu t e d .  
I t s  s ta r t ing v a l u e  i s  e qua l t o  exp l , and i t s  max imum va l ue 
i s  e qua l t o  exp 2 . ' a ' i s  inc r ement e d  by 1 e ach t ime the  
end  of  the  l oop is  reache d , u n l e s s  t h e  op t i ona l S TEP exp3 
o p t i on is  used  to  spec i fy a l t e rna t e  incremen t a t i on . I f  
t h e  S TEP o p t ion  i s  inc l u d e d , ' a '  i s  inc reme n t e d  by the  
va l u e  of  exp3 at  the end of  each  l oop i t e r a t ion . 

i s  the  s t a r t ing va l ue o f  t h e  i t e r a t i o n  va r i abl e .  exp l  
may be  a numer i c  con s t an t , v a r i ab l e , o r  expre s s i on .  

i s  the  max imum v a l ue t o  wh ich  the  i t e r a t ion  va r i ab l e  can  
b e  increment e d .  At the  end of  each  l oop i t e ra t ion , s igna l l ed  
by the  NEXT s t a t emen t , the  v a l u e  of  the  i t e rat ion  var i ab l e  
i s  increme n t e d  by the S TEP s i z e  and c omp a r e d  aga i n s t  exp 2 .  
I f  the  increment e d  v a l u e  o f  ' a '  i s  l e s s  t han o r  e qua l t o  
exp 2 , a l l  s t a t ement s  w i thin  t h e  l oop a re execu t e d  aga in . 
I f  the  increme n t e d  va l ue o f  ' a '  i s  g r e a t e r  than exp 2 , l ooping 
end s , and the  s t a t emen t  imme d ia t e l y  f o l l owing the  NEXT 
s t a t emen t  i s  execu t e d . ( N o t e  t h a t  i f  a n e g a t ive STEP va lue  
i s  u se d , the  r e ve r s e  occurs--l oop ing ends  i f  t h e  incremented 
va r i ab l e  is  l e s s  than exp 2 . ) exp 2 may b e  a nume r i c c ons t ant , 
va r i ab l e , o r  expre s s i on . 

i s  an o p t iona va l ue t h a t  spe c i f i e s  non-de f au l t  incremen t a t ion 
of the i t e ra t ion  ( l oop ing ) var i ab l e .  I f  exp3 is u s e d , 
i t  mu s t  be  p re c e ded by the  S TEP keywo rd .  S TEP exp3 caus e s  
t h e  i te ra t ion variab l e  t o  b e  inc reme n t e d  by t h e  v a l ue o f  
exp3 e a c h  t ime the  l oop i s  e x e cu t e d ,  r a t h e r  than the  d e f au l t ,  
STEP 1 .  exp3 may be  a po s i t ive o r  nega t ive nume r ic con s t ant , 
va r i ab l e , o r  exp re s s ion . I f  a nega t ive S TEP va l ue i s  u s e d , 
the  p rogram d e c reme n t s  the  va l ue o f  t he i t e r a t i o n  var i ab l e  
each  t ime the l oop i s  execu t e d .  I n  t h i s  c a s e , e x p 1  mu s t  
be  g re a t e r  than exp 2 .  

I n  i t s  s imp l e s t  f o rm ,  t h e  FOR . . .  NEXT l oop p e r f o rms a s ing l e  operat ion a 
spec i f i e d  numb e r  o f  t ime s . 
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FOR 
FOR -- EXAMPLES 

1 0  F O R  J.= 1  TO 5 

20 P R I NT " H I " 
30 NEXT 

In Lev e l  I I  BAS I C , FOR • . •  NEXT l oops  a r e  u s e d  t o  d r aw l in e s  on the  s c re en . 
N o t e  t h a t  a l though t h i s  examp l e  wi l l  work in  Micro s o f t  8K BAS I C , l in e s  
10  t h r o ugh 30  wou l d  u sua l ly b e  rep l aced  w i t h  t he s ing l e  s t a t emen t 
PLOT 1 , 60 , 2 , 1 1 7 , 1  

5 CLS 
1 0  FOR X= 1 TO 1 1 7 

20 PLOT X , 60 , 2  

30 NEXT 

W i t h  t h e  STEP o p t i on , the  FOR . . .  NEXT l oop c an draw a d o t t e d  l ine : 

1 0  CLS 

20 FOR X= 1 TO 1 1 7 STEP 2 

30 PLOT X , 60 , 2  
40 NEXT 

I f  you  have M i c ro s o f t  8K BAS I C , change l ine 30  t o  read  PLOT X , 1 , 2 , 1 , 7 7 
t o  f i l l  y o u r  s c r e e n  w i t h  s t r ip e d  l in e s . 

You c a n  u s e  t he S TEP o p t ion  w i th a nega t ive v a l ue t o  draw f rom r ight  t o  
l e f t .  N o t e  t h a t  i n  thi s  c a s e , the  s ta r t ing v a l ue o f  the  i t er a t i on var i ab l e  
i s  g r e a t e r  than the  ending v a l ue . 

10 C L,S 
20 F O R  X= l l7 TO 1 STEP - 1  

30 PLOT X , 60 , 2  

40 NEXT 

FOR . . .  NEXT l oo p s  can  be "ne s t e d "  o r  emb e dded  w i th in o ther  FOR . . •  NEXT l oop s . 
S t a t emen t s  c an a l so be  execut e d  b e tween the  end o f  a ne s t e d  l oop and t h e  
nex t i t e r a t i on o f  t h e  o u t e r  l oop , a s  i l l u s t r a t e d  b e l ow .  

i 0  CLS 

20 FOR X= l TO · S0 
30 FOR Y'=60. TO 50 STEP -2 

40 PLOT X. ,  Y ,  2 

50 TONE X � Y  

60 NEXT Y 
70 TONE 1 00 , 1 0 0  
8 0  NEXT X 
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FOR 
FOR 

NOTES 

The va l ue o f  the  i t e ra t i on variab l e  may b e  s en s e d  w i t h i n  a l oop , but  s h ou l d  
not  be changed w i t h in the  l oop , o r  a n  " ?FC ERROR" may r e su l t .  

Do n o t  GOTO a l ine  w i th i n  a FOR . . .  NEXT l oop , a s  a " ?NF ERROR" w i l l  r e s u l t .  
I f  y o u  want  t o  e n t e r  a FOR • • •  NEXT l oop f rom ano ther  p a r t  o f  your  program ,  
ent e r  i t  a t  the  o r i g ina t i ng FOR s t a t emen t . 
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FRE 
FRE 

FRE i s  a nume r i c  f unc t ion that  indicates  the  numb e r  o f  byt e s  o f  RAM s t i l l  
ava i l ab l e  f o r  p rogrammi ng and data  s torage o r  the  amount  o f  unu s e d  RAM rema i ning 
for  s t r i n g  hand l ing . I t  i s  genera l ly u s e d  wi th the  PRINT s ta t ement dur ing 
progr am deve l opment to d e t e rmine the amount of RAM the p r ogram has  consume d .  
FRE s erve s no o ther  purpo se . I t  has  the f o rm 

whe r e : 

X 

EXAMPLE 

FRE ( x )  

can  b e  a nume r i c  cons tant  o r  variab l e  o r  a s t r ing con s t ant  
o r  var i ab l e  enc lo s e d  in  quo t e s . I f  ' x '  i s  a numer i c  c on s t ant  
o r  var i ab l e , FRE r e turns the  numbe r  o f  bytes  of  RAM r ema i n ing 
f o r  p rogram deve l opment , l e s s  the  space a l l oc a t e d  f o r  s t r i ng 
han d l ing . I f  ' x '  i s  a s t r ing cons t ant  o r  var i ab l e  enc l o s e d  
in  quo t e s , t h e  numbe r  o f  byt e s  rema in ing f o r  s t r ing hand l ing 
i s  r e turne d .  ' x '  i s  a dummy var i ab l e--the  v a l u e  r e turned 
wi l l  b e  the  s ame regar d l e s s  of  whe ther y o u  s pe c i fy FRE ( O )  
o r  FRE ( A ) , FRE ( "HELLO" ) o r  FRE ( "A" ) .  

I f  y o u  e n t e r  t h e  f o l l owing c ommands  in  d i r e c t  mode imme d i a t e l y  a f t e r  l oading  
the BAS I C  i n t e rp r e t e r , you  shou l d  s e e  the f o l l owing : 

ijijG§I(!)l 
4698 
kli3:UW.WJ 
so 

The d e f au l t  o f  50 b y t e s  f o r  s t r ing hand l ing can be chang e d  w i th the CLEAR 
s ta t ement . 

(tl!j&Pt{l1'ltl] 
ijj;l§lllltil.l 
500 
ijfjil§l0l 
4248 
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GO SUB 
GO SUB 

The GOSUB s t a t ement t rans f e r s  p r ogram l og i c  c on t ro l t o  a s u b ro u t ine b e g i nn i ng 
a t  a s p ec i f i e d  l ine  numb e r . When the  RETURN s t a t ement  a t  the end o f  t h e  
subro u t ine i s  encount e re d ,  p rogram con t ro l re turns  t o  t h e  s ta t ement imme d ia t e l y  
f o l l owing t h e  i n i t ia l i z ing GOSUB . I t  h a s  t h e  f o rm 

GOSUB l ine 

whe re : 

l ine i s  the l ine numbe r  at whi ch the s ub r ou t ine  begins . 

Subro u t in e s  c a l l e d  by a GOSUB s t a t emen t  a r e  genera l l y  u s e d  when y o u  want 
t o  p e r f o rm a n  o p e r a t i on of a number  of t ime s f rom d i f f e rent  p l a c e s  in  the 
program c o de . S e t t i ng up a s ub rout ine to p e r f o rm t h e s e  t y p e s  of operat ions 
he l p s  you  avo i d  r e dundan t  c ode that  consume s unnece s s ary RAM . I t  a l so 
mak e s  p rogram chang e s  s imp l e r . S ubrout in e s  mus t  b e  c onc l uded  w i t h  a RETURN 
s t a t ement . 

EXAMPLE 
10 CLS 
20 FOR N= 1 TO 1 00 
30 X=RND C 1 ) � 1 1 1 + 1  

40 Y=RNDC 1 H 7 6 + 1  

50 G OSUB 1 1 0 

60 NEXT N 
70 O UTPUT " HELLO EARTHL I NGS " , 10 , 60 , 1 
80 A$= I NSTR$ C 1 )  
90 RUN 

100 REM PLOT X , Y  IN RANDOM COLOR 
1 1 0  C= 1+RND C 1 ) *3 

120 P LOT X , Y , C 

1 3 0  TONE X , Y  
1 4 0  RETURN 

NOTES 

Al though you  might  begin  a subrout ine w i t h  a REM s t a t emen t , you shou l d  
gene ra l l y GOSUB t o  t he l ine numb e r  a t  wh ich the  s t a t emen t s  i n  the  subrout ine 
a c t u a l ly beg i n .  Then , i f  space  l imi t a t ions  requ i re t h a t  you remove REM 
s t a t ement s ,  you  can  avo i d  having t o  make extens ive c o r r e c t ions  in the GOSUB 
l in e s  o f  your  p rogram to c o r r e c t  p rog ram l o g i c . 

O t h e r  examp l e s  o f  u s ing s ubrout ines  app e a r  throughou t  t h i s  s ec t i o n . S e e  
IF , JOY , ON , POT , a n d  RESTORE . A l so consu l t  chap t e r  7 ,  wh ich i s  devo t e d  
ent i r e l y  t o  a d i sc u s s ion o f  subrout ine s .  
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GOTO 
GOTO 

The GOTO s t a t ement causes  p rogram control  to be t rans f e r red comp l e t e ly t o  
the f i r s t  s t a t ement on t h e  spec i f ied  l ine numbe r .  I t  has  t h e  f o rm 

whe re : 

l ine 

EXAMPLE 

GOTO l ine 

is the l ine number  t o  wh ich program con t r o l  t rans f er s . 
The f i r s t  s tatement on the speci f ied l ine i s  executed and 
l og i c a l  execut ion of sub sequent l ines cont inue s .  

The f o l l owing examp l e  i l l u s t rates  GOTO in i t s  s imp l e st f o rm . Th i s  sma l l  
p rog ram i s  an inf ini t e  l oop--execu t i on wi l l  cont inue f o rever , o r  unt i l  you 
type a Contro l -C to t e rmina te  p rogram execut ion . 

NOTES 

10 P R I NT " 

20 PRINT 

30 GOTO 10 

M I CRO V I DEO " 

GOTO can b e  u s e d  in  d i rect  mode to  s t art p rogram execu t ion a t  a l ine o the r 
than the f ir s t  l ine in the p rogram . I f  program execu t i on i s  s t arted  with  
a GOTO s t a t emen t , var i ab l e s  are not  ini t i a l ized t o  zero  a s  with  the  RUN 
command . You can th�re f o re restart  p rog ram execut ion a t  some p o int in the 
program w i th variab l e s  set a s  they were by the p revious p rogram execut ion . 
Thi s  feature  can be ex t reme ly  u s e f u l  for  p rogram debugg ing . S e e  chap t e r  
2 ( page 2-1 6 )  for  a n  examp l e  o f  thi s . 

Examp l e s  o f  p rograms which contain GOTO s t atemen t s  are used  ex t ens i ve l y  
throughout this  manua l .  
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IF  

The  I F  s t a t ement is  used  t o  de t e rmine whe t h e r  a g iven c ond i t ion is  t ru e  
o r  f a l s e . I f  t h e  t e s t  s hows t h a t  t h e  cond i t ion  i s  t rue , then sub s e qu e n t  
s t a t emen t s  o n  t h e  I F  s t a t ement l ine a r e  execut e d . I f  t h e  cond i t i on t e s t s  
f a l s e , o th e r  s ta t emen t s  o n  t he. I F  s t a t ement l ine a re n o t  execu te d ,  and 
program c o n t ro l p a s s e s  to the f i r s t  s t a t ement on the next h i gher  l ine numbe r .  
The I F  s t a t ement h a s  two f orms : 

whe r e : 

cond i t ion  

l ine  

IF  cond i t ion GOTO l ine 

IF cond i t ion THEN statement l [ : s ta t ement 2 :  • • •  ] 

i s  one o r  mo re expre s s i ons  t h a t  p rovide  t h e  b a s i s  f o r  a 
r e l at i o n a l  t e s t .  You c an t e s t  f o r  e qua l i ty ,  non-equa l i t y , 
g r e a t e r  t han , e tc . , u s i ng t h e  v a r i o u s  r e l a t i ona l and BOOLEAN 
ope r a t o r s  ( AND and OR ) . Ope rands  c an be nume r i c  o r  s t r i ng 
v a r i ab l e s , c on s t an t s ,  and a r i thme t i c  exp re s s ions . 

i s  t he l ine numb e r  o f  the  p rogram t o  whi ch p rogram con t r o l  
w i l l  b e  t rans f e r red  i f  t h e  g iven cond i t i on t e s t s  t rue . 

s ta t ement 1 ,  • • •  a r e  p rogram s t a t emen t s t h a t  w i l l  be  execut e d  s e quent i a l l y  

EXAMPLES 

i f  t he g iven c ond i t i on t e s t s  to be t rue . In o r d e r  f o r  
s t a t emen t s  t o  be  execu t e d  a s  a r e su l t  o f  t h e  g iven c ond i t i on ,  
the  s t a t emen t s  mu s t  b e  separa t e d  b y  c o l on s  and b e  p l aced  
on t h e  s ame l ine a s  t h e  cond i t i ona l I F  s ta t emen t . 

The f o l l ow i ng examp l e  i l l u s t ra t e s  the I F  . . .  GOTO con s t ruc t i on .  

10 CLS 
20 OUTPUT " PLAY AGA I N? " , 20 , 60 , 1 

30 AS=I NSTR$ ( 1 )  

40 I F  AS= " Y "  GOTO 1 0 0  

5 0  I F  As= · N ·  GOTO 300 

60 GOTO 30 

100 PRINT " !  W I N  • •  

1 1 0  G OSUB 1 000 

1 20 GOTO 1 0  

300 P R I NT " WHATSA MATTER? " 

3 1 0  P R I NT " CH I CKEN? " 

320 G OSUB 1 000 
330 GOTO 10 
1000 REM - - PAUSE LOOP 

1 0 1 0  FOR 0= 1 TO 500 

1020 NEXT Q 

1 03 0  RETURN 
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IF 
I F  - - EXAMPLE 

The next examp l e  t e s t s  two nume r i c  expre s s ions  w i t h  the AND o p e r a t o r  and  
i l l u s t ra t e s  t h e  I F  . . .  THEN cons t ruc t ion o f  cond i t i o n a l  t e s t ing . 

NOTES 

1 0  CLS 

20 C OLOR 0 , 1 , 3 , 7  
30 OUTPUT " HELL0 " , 40 , 50 , 1 

40 W I NDOW 1 8  

50 I NPUT " COLOR " ; C  
60 I F  C > - 1  AND C< B THEN COLOR 0 , C , 3 , 7 : GOTO 50 

70 P R I NT " BAD CHOICE " 

80 GOTO 50 

Mu l t ip l e  c o nd i t i o n s  c a n  be  t e s t ed w i t h  the I F  s t a t emen t . S e e  AND and OR 
in  t h i s  chap t e r  f o r  examp l e s . O t h e r  examp l e s  i l l u s t ra t ing t he u s e  of I F  
c a n  be  f ound i n  a va� i e t y  o f  o the r p l ac e s  i n  t h i s  chap t e r  a s  we l l .  Al so , 
consu l t  chap t e r  2 ( page  2 - 2 0 )  f o r  a n  int roduc t o ry d i s c u s s i on o f  cond i t i on a l  
re l a t i o n s h ip s . 
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INPUT 
INPUT 

The I NPUT s ta t ement i s  u s e d  to reque s t  u s e r  input f rom the  keyb oa r d . An 
INPUT s t a t ement p ro duc e s  a que s t ion mark ( ? )  p r omp t o n  the  s c re e n  and wa i t s  
f o r  u s e r  input  o f  s t r ing o r  nume r i c  d a t a . T o  t e rmina t e  a n  I NPUT s t a t emen t , 
the  u s e r  mu s t  p re s s  the  c a r r i age return  ( CR ) key t o  e n t e r  the  va l u e . I NPUT 
can be u s e d  f o r  e n t ry o f  e i th e r  s t r ing o r  nume r ic d a t a . I t  h a s  two f orms : 

whe r e : 

a 

" s t r ing" 

EXAMPLE 

NOTES 

INPUT a [ , a ,  • •  • , a ] 
INPUT " s t ring" ; a  

i s  a nume r i c  o r  s t r ing var i ab l e  name i n t o  wh ich the  u s e r  
input i s  t o  be  s tored  f o r  f u tu r e  u s e . I f  a nume r i c  va r i a b l e  
i s  spec i f ie d , t h e  v a l u e  e n t e r e d  mu s t  be  nume r i c , o r  the 
me s sage " ?REDO FROM START" appear s ,  and the  INPUT ' ? ' promp t 
is  repea t e d .  Nume r i c  va l u e s  c an , h oweve r , be e n t e re d  into  
a s t r ing variab l e .  

i s  a n  o p t iona l s t r ing c on s t an t  o r  s t r ing va r i ab l e  that  
i s  to  be  output  on the  screen  on t h e  s ame l ine as  the  ' ? '  
p r omp t . Th i s  a l l ows you t o  spe c i f y  wha t  i s  t o  be  e n t e r e d  
by the  u s e r , r a t h e r  than having the  que s t i on ma rk p r omp t 
appear  a l one , wh ich c an be c o n f u s ing , e sp e c i a l ly t o  the  
nov i c e  u s e r .  If  " s t r ing" is  inc l ud e d , it  must  be  entered  
in  quo t e s  and  f o l l owed by a s emi-co l on t o  separate  i t  f r om 
the  input var i ab l e . 

5 CLS 

1 0  INPUT " NAME " ; NMS 

20 CLS 
30 OUTPUT NM$ , 10 , 50 , 1 

40 F O R  C= l TO 7 

50 COLOR 0 , C , 3 , 7  

60 F O R  0= 1 TO 1 00 : NEXT 

70 NEXT C 

80 GOTO 5 

I f  an INPUT s t a t ement r e que s t s  s t r ing d a t a  and the  s t r ing d a t a  t o  be  entered  
contains  an embedded  c omma ( e . g . , Ann Arbo r ,  Mich igan ) , the  s t r ing entered  
i n  re sponse  t o  the  INPUT query shou l d  be  p l ac e d  in quo t a t ion  marks . Otherwi se , 
BAS I C  igno r e s  everyth ing t o  the  r ight o f  the comma and p r in t s  the  mes sage 
" ?EXTRA IGNORED" .  

S e e  chap t e r s  2 and 4 f o r  further  d i sc u s s ion and examp l e s  o f  d a t a  e n t ry 
via  I NPUT s t a t ement s .  
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INSTR$ 
INSTR$ 

INSTR$ i s  a s t ring  hand l ing f unc t i on that  accep t s  u s e r  input  f r om t h e  keyboar d .  
Unl ike t h e  INPUT s ta t ement , INSTR$ doe s  n o t  requ i re t h a t  the u s e r  e n t e r  
a c a r r iage  r e turn  t o  ent e r  t h e  informa t ion  i n t o  memory . I t  a l s o a l l ows  
you  t o  s p e c i f y  the  l ength  of  t he s t r ing t o  be  e n t e r e d . The  INSTR$ f unc t i on 
ha l t s  the  p rogram and wa i t s  f o r  u s e r  input  b e f o re exe c u t ing any s ub s e quent  
program s ta t emen t s .  The  s c reen  rema ins  unchange d when the  INSTR$ f unc t i o n  
i s  e xe c u t e d--no p r omp t o f  any k ind automa t i ca l ly appea r s . Th i s  func t ion 
h a s  t h e  f o rm 

whe r e : 

n 

EXAMPLE 

INSTR$ ( n )  

i s  a n  a rgumen t  tha t spe c i f i e s  t h e  numb e r  o f  chara c t e r s  t he 
INSTR$ f unc t ion i s  t o  read  f rom the  keyboard b e fore  e x e c u t ing 
subse quent p rogram l ine s .  ' n '  c an b e  a nume r i c  cons t an t , 
var i ab l e , o r  expre s s ion . 

In  i t s  s imp l e s t  f o rm ,  INSTR$ wa i t s  f o r  depre s s ion  o f  a s ing l e  key b e f o re 
cont inu ing p ro g r am exe c u t ion . 

NOTES 

5 CLS 
1 0  FOR X= 1 TO 1 00 

20 PRINT X 

30 GOSUB 1 00 

40 NEXT 

50 STOP 
100 T ONE X , 100 

1 1 0 A$= I NSTRS C 1 )  

1 2 0  RETURN 

As no p romp t n o rma l ly app e a r s  on the  s c reen to a c c ompany t he INSTR$ f unc t i o n , 
we sugge s t  y o u  o u t p u t  a t one o r  two j u s t  b e f o re t he INSTR$ f unc t i on i s  execu t e d  
t o  l e t  t h e  u s e r  know t h a t  re sponse  i s  expe c ted . 

U s e  o f  t he INSTR$ func t ion t o  ent e r  data  i s  d i s c u s s e d  i n  seve r a l  o t h e r  p l a c e s 
in  t h i s  manua l .  I n  p a r t i cu l a r , s e e  chap t e r s  2 and 4 ( pp .  2 - 1 7 and 4-4 ) . 
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INT 

INT 

INT i s  an a r i t hme t ic f unc t ion  t h a t  re turns  t h e  l a rge s t  who l e  numb e r  ( in t ege r )  
t h a t  i s  l e s s  than  o r  e qua l t o  the  v a l ue g iven i n  t h e  a rgume n t . I t  h a s  
t h e  f orm 

whe re : 

n 

INT ( n )  

i s  t he r e a l  numb e r  f o r  which  i s  t o  b e  " in t eg e r i z e d " . 1 n 1 

may be  a nume r i c  con s t an t , v�r i ab l e , o r  exp re s s i o n .  Func t i on 
c a l l s ,  s uch a s  RND , c an a l so a c t  a s  a rgument s  t o  t h e  INT 
f u nc t i on .  

W i t h  p o s i t ive  a rgumen t s , INT rounds down ( t runc a t e s )  t h e  numb e r  t o  i t s  
i n t e g e r  va l u e . W i t h  n e g a t ive numbers , INT r e turns  t h e  next  sma l l e s t  n e g a t ive 
i n t e ge r .  F o r  examp l e , 

EXAMPLE 

? INT( 3 1,4 . 5 ) 
3 1 4  
?:INT ( -3 1 4 . 5 ) 
-3 1 5  

1121 CLS 

2121 COLOR 121 , 1 , 3 , 7  

25 FOR I = 1  TO 5121 

3121 R =RND < 1 H -3+ 1 
35 C = I NT< R )  
4121 OUTPUT C , 56 , 1 2 , 3  

4 5  PLOT 2121 , 2121 , C , 8121 , 3121 

5121 OUTPUT C , 56 , 1 2 , 121  
55 NEXT 
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JOY 
JOY 

JOY i s  an a r i thme t ic f unc t ion t h a t  reads  input f rom the  l e f t  o r  r igh t j oy s t ick  
l eve r .  I t  h a s  t he f o rm 

whe re : 

n 

EXAMPLE 

JOY ( n )  

c a n  be  e i th e r  0 o r  1 .  I f  ' n '  i s  0 ,  JOY r e a d s  t h e  j oy s t i ck 
on the  l e f t  ent e r t a inment  contro l l e r .  I f  ' n '  i s  1 ,  JOY 
reads  the j oy s t ick l ever on the r i gh t  con t ro l l e r . F o r  e i th e r  
j oy s t i ck , JOY re turns va l ue s  f o r  t h e  var ious  p o s i t i ons  a s  
shown be l ow :  

UP 

4 

LEFT 1 5 �6 
9;::::- 10 2 RIGHT 

8 

DOWN 

A va lue o f  z ero i s  returned i f  the j oy s t ick l ever i s  not 
move d .  

The f o l l owing examp l e  l e t s  y o u  draw o n  t he TV s c reen w i th · the  l e f t  j oy s t i ck . 
You can depre s s  t h e  f i re  but ton t o  move t he "pen" t o  a d i f f e re n t  p o in t  o n  
t h e  screen  w i t h o u t  d rawing a l ine . 

NOTES 

10 CLS 

20 X=55 : Y=35 
30 PLOT X , Y , l 

40 J=JOY ( 0 )  
50 I F  J=0GOT030 

60 G OSUB200 
7� I F  F I R E ( 0 ) = 1  GOTO 30 

80 PLOT X , Y , 0 
90 GOTO 40 

280 I FJ >=4ANDJ< =6THENY=Y+ l 
2 1 0  I FJ >=BANDJ< = 1 0THENY=Y - 1  
220 IF J=ZORJ=60RJ= 1 0THENX=X+ l 
ZJ0 �FJ= 1 0RJ=50RJ=9THENX=X - 1  
240 RETURN 

S e e  chap t e r  5 f o r  a d e t a i l e d  examp l e  o f  us ing j oy s t i ck input  t o  cont ro l 
a g ame p rogram .  
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LEFT$ 
LEFT$ 

LEFT$ i s  a s t r ing hand l ing f unc t ion t h a t  i so l a t e s  a spe c i f i ed  n um b e r o f  
chara c t e r s  i n  a s t r i ng ,  beg inning wi th the l e f tmo s t  chara c t e r  i n  the  s t r ing . 
I t  ha s  t h e  f o rm 

whe re : 

a $  

n 

LEFT$ ( a$ , n ) 

i s  t he s t r ing va r i ab l e  name con t a i n ing t h e  s t r ing f rom 
wh ich  charac t e r s  a r e  t o  be i s o l a t e d . ( a$ c ou l d  a l s o be  
a s t r ing c ons t an t , but  us ing LEFT$ i n  t h a t  case  s eems ra ther  
s i l ly . )  

i s  the  number  o f  cha r a c t e r s  t o  b e  i so l a t e d  f rom t h e  s t r ing , 
s t a r t ing w i th the l e f tmo s t  charac t e r .  ' n '  mus t  b e  g r e a t e r  
than o r  e qua l t o  z e r o . I f  the  s t r ing i s  s ho r t e r  than ' n '  
c h a r ac t e r s , a l l  charac t e r s  in t h e  s t r ing a re i s o l a t e d .  

U s e  o f  t h e  LEFT$ func t i on conc e p t  i s  u s e d  w i t h i n  t h e  T ro l l  Ho l e  Adventu r e , 
a mach ine l anguage p rogram .  I n  that  p rogram your  c ommands  ( LIGHT LAMP , 
PI CKUP S HOVEL , e tc . )  a r e  r e a d  a s  on l y  t he f i r s t  t h r e e  cha rac t e r s . You 
can a l s o e n t e r  t hem i n  that  abbrev i a t e d  f o rm .  In  f ac t , if  you s p e c i fy 
add i t i ona l c h a ra c t e r s  w i t h  the  c ommand , they a r e  s imp l y  i gnore d .  

You c a n  u s e  t h i s  c oncep t w i th i n  your own BAS I C  p rogr ams t o  achieve s imi l a r  
e f f e c t s .  U s e  a c on s t ru c t  such a s  

C $  = LEFT$ ( 1$ , 3 )  

t o  l im i t  C$  t o  the  f i r s t  t h r e e  charac t e r s  o f  t h e  c ommand word . 

EXAMPLE 

10 CLS 
20 DATA JONES , SMITH , REYNOLDS , PARKER , FARMER 

30 D A TAPETERSON , CARTER , W I LL I AMS , BLAC K , MCNARY 

40 FOR 1 = 1  TO 1 0  

50 READ A$ 
60 B$= LEFT$C A$ , 5 )  

7 0  P R I NT B$ 
80 P R I NT : NEXT 
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LEN 
LEN 

LEN i s  a n  a r i t hme t ic func t ion  that  coun t s  the  l ength  o f  a s t r ing i n  cha rac t e r s  
( o r  b y t e s ) . I t  i s  mo s t  commonly  u s e d  t o  p o s i t ion i n f o rma t ion  o n  the s c re e n , 
f o r  c e n t e r ing , f o r  examp l e . I t  h a s  the f o rm 

LEN ( a$ ) 

whe re : 

a $  i s  the  s t r ing f o r  wh ich l ength i n  charac t e r s  i s  t o  be  r e t u rne d .  

EXAMPLE 

1 0  CLS 

20 �o.I I NDOW 24 

30 Y=70 

40 P R I NT : I NPUT " NAME " ; A$ 

50 J=LEN ( A$ )  

55 IF J > 1 7 GOTO 40 

60 OUTPUT A$ , 56 - 3*J , Y , l 

70 Y= Y - 6  
80 GOTO 40 

Rememb e r  t o  re s e t  the WINDOW t o  7 7  a f t er  runn ing t h i s  examp l e .  
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LET 
LET 

LET i s  a s t a t ement t h a t  d e f ine s an a r i t hme t ic exp r e s s i o n  o r  nume r i c  c on s t ant  
a s  e q u a l  to  a nume r i c  var i ab l e  o r  a s t r i ng e xp r e s s i o n  o r  c o n s t an t  a s  e qua l 
t o  a s t r ing v a ri ab l e . The exp r e s s i on i s  eva lu a t e d , and t h e  r e su l t s  s t o r e d  
in  t h e  named var i ab l e .  I t  h a s  the f o rm 

LET a exp 

o r , more  common l y , 

whe r e : 

a 

exp 

a = exp 

i s  the  s t r ing or nume r i c  var i ab l e  in whi c h  the r e s u l t  
o f  exp i s  t o  be  s to re d .  

i s  a n  exp r e s s i on wh ich , when eva l ua t e d ,  p r o duce s  a dat a  
va l u e  t o  be  s to r e d  i n  t h e  named  var i ab l e , ' a ' . exp c an 
b e  a s t r ing o r  nume r i c  c on s t an t , v a r i ab l e , o r  exp r e s s i o n .  
I f  exp i s  an a r i thme t i c  e xp r e s s i o n , t h e  nece s sa ry c a l cu l a t i ons  
a r e  p e r f o rmed accord i ng t o  the  g iven syntax , and the  r e s u l t  
s t o r e d  i n  t he named v a r i ab l e .  

LET i s  p ro b ab l y  the  mo s t  c ommonly  and l e a s t  common l y  u s e d  o f  a l l  s t a teme n t s  
in  BAS I C .  I t ' s  mo s t  commonly  u s e d  because  i t ' s  u s e d  t o  a s s ign the  var i ab l e s  
t h a t  a re t h e  b a s i s  o f  any p rogram .  I t ' s  l e a s t  c ommo n l y  u s e d  because  the  
LET keywo rd  i s  o p t i o na l .  A l t hough a p rogram w i l l  g enera l ly con t a i n  a number 
of  a s s i gnmen t  s t a t emen t s  i n  which  LET i s  imp l ie d ,  the keywor d  LET i s  not 
a c t ua l ly i n c l u d e �  in the s ta t ement in  mo s t  c a se s .  LET was inc luded  in 
BASI C  f o r  c omp a t ib i l i t y  w i th o th e r  BAS I C  " d i a l ec t s "  and  i s  u sua l ly omi t t e d  
f r om a s s ignmen t  s t a t emen t s .  The f o l l owing two s ta t emen t s  appear  i dent i c a l  
t o  BAS I C :  

LET A = 1 2 / 5 . 5  

A = 1 2 / 5 . 5  

S ince y ou ' r e l ik e l y  t o  run i n t o  memo ry l im i t a t ions  a s  your  p r ograms increase  
in  s i z e , why u s e  an extra  wo rd in  your  c ode t h a t ' s  r e dundant ? S ave those  
ext r a  c oup l e  b y t e s  e ach  t ime you  do an a s s i gnmen t  by u s i ng the  sho r t e r  
f o rm .  

EXAMPLE 

1 0  CLS 
20 A=S 

30 B= 7 
40 c = 12 

50 PRINT A+B+C 
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LOG 
LOG 

LOG i s  an a r i thme t i c f un c t ion  that  c a l c u l a t e s  the l og a r i thm t o  t h e  b a s e  e 
( 2 . 7 1 8 2 8 ) o f  t h e  g iven argument .  G iven any va l ue , LOG compu t e s  the exponen t  
t o  wh ich e mu s t  b e  r a i s e d  t o  produce that  va lue . I t  h a s  t h e  f o rm 

whe re :  

n 

EXAMPLE 

LOG ( n )  

i s  t h e  va l ue f o r  wh i ch the l og a r i thm i s  t o  be  c a l cu l a t e d . 
' n ' c an b e  a nume r i c  cons t ant , var i ab l e , o r  exp r e s s i o n . 
I t  mu s t  be  g r e a t e r  t han 0 o r  an " ?FC ERROR" w i l l  r e s u l t .  

The two p rograms b e l ow both  i l l u s t ra t e  p e r f o rming t h e  s ame o p e ra t i on , t h a t  
i s , c omp u t i ng t h e  l og a r i t hm o f  a g i ven va l ue . The examp l e s  d i f f e r  i n  t h e  
mo de  o f  da t a  e n t ry . T h e  f i r s t  examp l e  r e a d s  three  va l u e s  i n  f rom DATA s t a t e
men t s  w i t h i rr  t h e  p rogram .  The s econd examp l e  i s  an i n f in i t e  l oop i n  which  
da t a  v a l u e s  a re s upp l i e d  t o  t h e  p rogram f rom t he keybo a r d . 

NOTES 

10 FOR 1 = 1  TO 3 
20 READ V 

30 PR I NTV ; LOG C V )  

40 NEXT 
50 DATA 2 . 7 1 828 , 10 , 20 

1 0  I NPUT �J 
20 P R I NTV ; LOG C V )  

30 GOTO 30 

LOG i s  the  reve r s e  o f  the  EXP f unc t i o n . O ther  a r i thme t i c  f unc t ions  u s ab l e  
i n  BAS I C  are  COS , S IN , TAN , and ATN . 
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, LPRINT 
LPRINT 

The LPRINT s t a t ement is an R S 2 3 2  BAS IC  ins t ru c t i on t h a t  outputs  va l ue s 
t o  a l inep r i n t e r  t h a t  i s  a t t ached t o  the I n t e r a c t  t hrough the M i c ro V i d e o  
RS 2 3 2  p e r iphe r a l  in t e r f ac e . Th i s  s t a t ement i s  ava i l ab l e  i n  RS 23 2 BAS I C  
on l y .  LPRINT h a s  the f o rm 

LPRINT a [ ; a ;  . • .  ] 

LPRINT a [ , a ,  . . .  ] 

whe re : 

a can  b e  

• a s t r ing o r  nume r i c  cons t ant  ( e . g . , "MARY" o r  3 . 1 41 5 9 )  

• a nume r i c  o r  s t r ing va r i ab l e  ( e . g . , A o r  C$ ) 

• a f unc t ion ca l l  ( e . g . , SQR ( A ) ) 

• an a r i thme t ic exp r e s s ion ( e . g . , 3 *B o r  COS ( C ) / A )  

• a s t r ing exp r e s s i on ( e . g . , A$+B$ ) 

Mo re  than one v a r i ab l e  c an be  p l aced  on a s ing l e  LPRINT s t a temen t . You 
can s e p a r a t e  var i ab l e s  w i t h  e i th e r  comma s o r  s emi-c o l ons . Wh i l e  comma s  
are  no t t e r r i b l y  u s e f u l  f o r  d i s p l ay ing i n f o rmat i on on the  T V  s c r e e n  w i th 
the PRINT c ommand , due t o  the l im i t e d  numb e r  of  cha r a c t e r s  p e r  l ine , they 
are  more c ommon l y  u s e d  as  a s e p a r a t o r  with the  LPRINT command , to  output 
da t a  i t ems through the  l inep r in t e r  in f ie l d s  14  c h a r ac t e r s  wide . The s emi
co l on s ep a r a t o r  a d d s  a l e ad i ng and t ra i l ing b l ank to nume r i c  d a t a  va l u e s  
outpu t ; i t  conca t en a t e s  s t r ing d a t a . 

You c a n  u s e  the  TAB , POS , and SPC f unc t ions  i n  conj unc t i on w i th the  LPRINT 
command t o  p ro duce  e f f e c t ive ,  f o rma t t e d  rep o r t s  o r  anal y s e s  on y o u r  l inep rint e r . 
P r i n t e d  l ine s c an be  up t o  80  charac t e r s  in  l ength . 

LPRINT cannot  b e  abbrev i a t e d  t o  L?  in  the  way that  PRINT c an be  abbrevi a t e d  
to ? .  You mu s t  type  t h e  ent i re keywo r d . 

EXAMPLE 

The p rogram on the  f o l l owing p age i l l u s t r a t e s  the  u s e  o f  LPRINT t o  p roduce 
a f o rma t t e d , p r in t e d  r e p o r t . I n  t h i s  p rogram we h ave c a l cu l a t e d  s a l e s  
summary i n f o rma t i on f o r  a three-year  p e r i o d  and d e f ined  the  f o rma t o f  the  
rep o r t  ( a l s o s hown ) . Th i s  l i s t ing and the  r e s u l tant  rep o r t  ( a l s o shown ) 
we r e  p roduc e d  w i th our  R S 2 3 2-equipped I n t e r ac t , RS 2 3 2  BAS I C , and a COMPRINT 
9 1 2-S  l inep r in t e r .  
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LPRINT 
LPRINT - - EXAMPLE 

10 REM - LPR I N T  EXAMPLE 
12 Y 8 = 1 1 .  2 
1 3  Y9= 1 2 . 5  

1 4  Y0=42 . 8  

16 LPRINT TAB C 8 ) ; " SALES 

20 LPR I NT SPC ( 4 ) ; w 1978 

4 0  LPRINT 

50 LPR I NT "  QTR " 

60 FOR Q= 1 TO 4 
70 L PRINT Q ; Y8 ; Y9� Y0 

SUMI1ARY " 

1 979 1 980 

?5 Y8=2•Y8 : Y9=Y9+4 . 2 : Y0=Y 0 - 4  

80 NEXT 

90 LPR I NT 

1 9 8 1 " 

100 LPRINT " *** NOT FOR D I STR I BUTION *** " 

1 1 0  FOR J= 1 T O  5 : LPR INT : NEXT 

SALES SUMMARY 

1 978 1 979 1980 1 9 8 1  

QTR 
1 1 1 . 2  1 2 . 5  42 . 8  
2 22 . 4  1 6 . 7  3 8 . 8  
3 44 . 8  2 0 . 9  34 . 8  
4 89 . 6  25 . 1  30 . 8  

••• NOT FOR D I STRIBUTION • •• 
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MID$ 
MID$ 

MID$ i s  a s t r ing hand l ing func t i on t h a t  i s o l a t e s  chara c t e r s  f rom the m i dd l e  
o f  a g iven s t ring . I t  h a s  t he f o rm 

whe r e : 

a$  

n 

m 

MID$ ( a$ , n , m)  

is  the s t r ing v a r i ab l e  con t a i n i ng t h e  s t r ing f rom whi ch 
cha rac t e r s  a re t o  be i s o l a t e d . 

i nd i c a t e s  t he p o s i t ion  i n  the  s t r ing a t  wh ich  cha r a c t e r  
i s o l a t i on i s  t o  begin , t h e  n t h  charac t e r  i n  t h e  s t r ing . 

i s  the  number  o f  charac t e r s  t o  be  i s o l a t e d , s t a r t ing w i t h  
t h e  n t h  charac t e r .  

MID$ i s o l a t e s  t h e  spec i f i ed  number  o f  charac t e r s  f rom t h e  s t r ing and s t or e s  
them i n  ano t h e r  s t r ing . I f  a s t r i ng i s  s ho r t e r  t han t h e  s p ec i f i ed  s t a r t ing 
cha rac t e r  ( n ) , MID$  re turns  a nu l l  s t r ing . I f  the s t r ing is s ho r t e r  t han 
the numb e r  o f  charac t e r s  to be  i s o l a t e d ,  a l l  char a c t e r s  f rom the s t a r t ing 
charac t e r  on are  r e turne d .  

EXAMPLE 

NOTES 

1 0  CLS 

20 D I M  A$ ( 1 5 ) 

30 DA�A JAMES , S IMON , PAUL , HENR I ETTA , MATTHEW , DAU ID 

40 DATAELI ZABETH , L ILL I AN , PAULINE , MAR I AN , JOHN , STEPHEN , RALPH 

50 DATA M I CHAEL , SAM 
6 0  FOR I=1 T O  15 

65 READ A$( 1 )  

70 B$= M I D$ ( A$ ( l ) , 2 , 4 )  

90 P R I NT BS 

100 NEXT 

MID$ i s  one o f  the  f unc t i ons  u s e d  in c onve r t ing s t r ing da t a  t o  i t s  nume r i c  
rep r e s e n t a t ion  f o r  s t orage  on t ape . S e e  chap t e r  4 a n d  t h e  A S C  f unc t ion 
in  t h i s  chap t e r  f o r  d e t a i l s .  

MID$ i s  a l s o u s e f u l  when y ou want t o  p u t  seve r a l  s t r ings w i thin  a s ing l e  
s t r i ng , then  i s o l a t e t h e  s t rings  ind i v i dua l l y f o r  output  o r  o th e r  proce s s ing . 
The P e rp e tua l C a l endar  BASI C  p rogram p rovide s a n  exce l l ent  examp l e  o f  u s ing 
MID$ f o r  t h i s  type o f  o p e r at i on . 
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NEXT 
NEXT 

The NEXT s t a t ement d e f ine s the  end o f  an i t e r a t i o n  o f  a p rogram l oop i n i t i a te d 
by a p re c e d ing FOR s t a t emen t . The NEXT s t a t ement i s  r e q u i r e d  t o  end any 
FOR . . .  NEXT l oop . I f  omi t t ed , a " ?NF ERROR" wi l l  r e su l t .  NEXT h a s  the f o rm 

whe re : 

a 

EXAMPLE 

NEXT [ a ]  

i s  the i te r a t ion va r i ab l e  spec i f i e d  i n  t h e  o r i g ina t ing FOR 
s t a t emen t . NEXT can be u s e d  w i t h  or w i t ho u t  t h e  i te r a t i on 
va r i ab l e , b u t  i t s inc l u s ion  make s l oop c omp l e t i on and program 
l og i c  i n  comp l ex , n e s t e d  FOR . . .  NEXT c on s t ruc t i ons  e a s i e r  
t o  f o l l ow .  

Fo l l owing  i s  a ve ry s imp l e  examp l e  o f  the NEXT s ta t ement . FOR . . .  NEXT l oo p s  
are  u s e d  i n  examp l e s  t h roughout t h i s  manua l .  F o r  mo re i n f o rma t ion a b o u t  
l oop ing , s ee t h e  FOR s t a t ement in  t h i s  chap t e r  o r  t he l oop ing d i s cu s s i o n  
i n  chap t e r  2 ( page  2 - 2 3 ) 

10 F OR J= l T O  1 0  

2 0  P R I NTJ 

30 NEXT 
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NOT 

NOT i s  an a r i thme t ic f unc t ion  that  r e turns  t h e  b i tw i s e  c omp l ement o f  the  
g iven a rgument .  The  b i tw i se  comp l emen t  i s  d e t e rm i n e d  by s e t t ing e ach  b i t  
i n  the by t e  o f  t h e  a rgume n t  t o  i t s  reve r s e  p o s i t io n . F o r  examp l e , i f  t h e  
by t e  i n  mach ine  c o d e  i s  

i t s  b i tw i s e  comp l ement wou l d  be  

NOT has  t h e  f o rm 

whe r e : 

n 

NOT ( n )  

i s  a nume r i c  c o n s t ant , va r i ab l e  o r  e xp r e s s i o n  f o r  wh i c h  
the  b i tw i s e  comp l emen t  i s  t o  be  r e t u rned . ' n '  c a n  a l s o 
be  a func t ion c a l l ,  e . g . , PRINT NOT ( SQR ( 8 1 ) ) .  

The b i tw i s e  c omp l ement  o f  a numb e r  i s  a lway s t h e  negat ive o f  t h a t  numbe r ,  
minus  1 .  F o r  examp l e , t he b i tw i se comp l ement o f  9 i s  - 1 0 ; o f  456  i s  -45 7 ; 
o f  -3 4 i s  3 3 ; e t c . 

EXAMPLE 

5 CLS 

10 FOR I=1 TO 10 

20 I NPUT " NUMBER " ; A  

30 P R I NTNOH A )  

40 P R I NT 

50 NEXT 

In the  f o l l owing  examp l e , NOT i s  u s e d  as a l og i c a l o p e r a t o r  in the  s ense  
tha t t h e  t e rm i s  used  i n  symbo l i c l og i c  no t a t i o n :  A OR B =  NOT ( A  AND B ) . 

10 CLS 
20 I NPUT " NUMBER " : A  
30 I F  NOT ( A ) 1 0 ) THEN PRINT " NOT MORE THAN 1 B • : P R I NT : GOTO 20 

40 P R I NT " MORE THAN 1 0 "  

5 0  GOTO 2 0  
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O·N 
ON 

ON i s  a mu l t ip l e b ranch ing s ta t ement that  t rans f e r s  p rogram c on t r o l  t o  a 
l ine numb e r  s p ec i f i e d  i n  a l i s t  o f  l ine numbers  wi thin  the  s t a t ement , b a s e d  
on t h e  v a l ue o f  t h e  ON var i ab l e . ON has  two f o rms : 

whe re :  

a 

ON a GOTO l ine1 , l ine2 ,  • • •  , l inen 

ON a GOSUB l ine 1 , l ine2 , • • •  , l inen 

i s  a nume r i c  variab l e , the va l ue o f  wh ich  de t e rmine s the  
l ine numb e r  i n  the l i s t  f o l l owing GOTO o r  GOSUB t o  wh ich 
program con t ro l  is  p a s se d .  ' a '  shou l d  h ave a va l u e  o f  1 
thro ugh n ,  whe r e  ' n '  i s  the  numb e r  o f  l ine numb e r s  i n  the  
GOTO or GOSUB l i s t . ' a ' mus t  have a po s i t ive v a l ue ; i f  
' a '  i s  nega t i ve , an " ?FC ERROR" r e su l t s . I f  ' a ' i s  z er o  
o r  g r e a t e r  than the  number  o f  l ine numb e r s  i n  the  l i s t , 
no t rans f e r  o f  p rogram contro l t o  a l ine  in  t h e  l i s t  o cc ur s . 
Program execut i on c ont inu e s  wi th the nex t h ighe r numb e r e d  
program l ine  i n  tha t ca s e . 

l ine1  • • .  l inen i s  t h e  l i s t  o f  l ine numb e r s  f o l l owing the  GOTO o r  GOSUB 
s t a t ement . P rogram cont ro l t rans f e r s  to one o f  the l in e  
numb e r s  on the  l i s t , b a s e d  on the  v a l u e  o f  ' a ' . W i t h  t h e  
GOSUB c o n s t ruct i on , t h e  subrou t ine beginn ing o n  t h e  a - t h  
l ine i n  t h e  l i s t  i s  execu t e d , t h e n  p rogram c on t r o l  i s  r e tu rne d 
t o  the  f i r s t  s ta t ement on the  p r ogram l ine  imme d i a t e l y  f o l l owing 
the  ON l ine . W i th GOTO , comp l e t e  c ont ro l p a s s e s  to t h e  
spec i f e d  p rogram l ine , a n d  no re turn occurs  un l e s s  spec i f i e d  
b y  a l a t e r  GOTO . 

ON i s  f requent l y  u s e d  i n  p rograms that  u s e  the "menu s e l e c t ion"  t echn i que  
to  d e t e rmine wha t  part  o f  the  p r ogram is  execu t e d  nex t . I t  i s  func t i on a l ly 
equ iva l ent  t o  u s ing a s e r i e s  o f  I F  s t a tement s ,  but  ON p r o v i d e s  an e a s i e r  
and mo re  space-e f f i c i ent means  o f  t e s t ing f or t rans f e r  o f  p rogram c o n t r o l .  
For  examp l e , 

IF  J == 1 GOTO 1 20 
IF J 2 GOTO 360 
IF J 3 GOTO 80 
IF J 4 GOTO 790 

cou l d  be  rep l a c e d  wi t h  

ON J GOTO 1 20 , 360 , 80 , 790 
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ON - EXAMPLE 

EXAMPLE 

NOTES 

10 CLS 

20 I NPUT J 

30 ON J GOTO 100 , 200 , 300 

40 PRINT " BR D  NUMBER " : G OTO 1 0  

100 P R I NT " AT L I NE 1 00 " : GOTO 1 0  

200 P R I NT " RT L I NE 200 " : GOT0 1 0  

300 P R I NT " RT L I NE 300 " : GOTO 1 0  

The ON c on s t ruc t i on c an o n l y  be  u s e d  w i th a numer i c  var i ab l e . I f  you want 
t o  a l l ow menu s e l e c t i on by l e t t e r  r a t h e r  than numb e r , use  the  VAL s t a t ement 
to c onver t  the l e t t e r  dep r e s s e d  into nume r i c  repre s e n t a t i o n , then t e s t  
t h e  va l ue w i t h  t h e  ON s t a t ement . 
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OR 
OR 

OR i s  a re l a t i ona l ( BOOLEAN ) operat o r  that  p e r f o rms a l og i ca l , b i twi s e  ORing 
ope rat i on o n  two o r  mo re  r e l a t ions . Genera l ly used  in  conj unc t i on w i t h  
I F  s t a t emen t s , OR t e s t  t h e  g i ven cond i t ions  t o  s e e  i f  one o f  t hem s a t i s f ie s  
the c on d i t i o n  b e f or e  p e r f o rming the sub s e quent  p a r t  o f  the  I F  s t a t emen t . 
The r e su l t  o f  any ORing ope r a t ion i s  a lway s " t ru e "  o r  " f a l s e " . One o f  t h e  
c o n d i t i on s t e s t e d  w i t h  OR mu s t  b e  t rue f o r  t he sub s e quent  p a r t  o f  t h e  I F  
s t a t ement  t o  b e  p e r f o rme d .  

EXAMPLE 

NOTES 

10 CLS 

20 OUTPUT " DEPRESS " , 30 , 60 , 3  
30 OUTPUT " LEFT OR R I GHT " , 1 0 , 50 , 3  

40 OUTPUT " F I RE BUTTON " , 1 5 , 40 , 3  

50 O UTPUT " TO START " , 25 , 30 , 3  

60 I F  F I R E C 0 ) =0 OR F I R E C 1 ) =0 GOTO 1 00 

70 G O T 020 

1 0 0  CLS 

1 1 0 P LOT50 , 60 , 1 , 8 , 6  

120 FORY= 1 TO 60 STEP2 
1 30 PLOT54 , Y , 3  

135 FOR Q = 1 TO 20 : NEXTQ 

1 4 0  PLOT5 4 , Y , 0  

1 50 TONE 54 , Y  

160 I FY=59 OR Y=60 GOTO 300 

170 NEXTY 
300 FORC= 1 T07 

3 1 0  PLOT50 , 60 , C , 8 , 6  

320 F O R  Q = 1 T O  50 

330 NEXTQ 

3 4 0  NEXT 

345 FOR Q 1 TO 500 : NEXTQ 

350 GOTO 1 0  

OR may a l s o  be  u s e d  i n  I F  s t a t emen t s  a l ong wi th the o t h e r  l og i c a l o p e r a t o r , 
AND .  S e e  the I F  and J OY s e c t i ons f o r  o th e r  examp l e s  o f  us ing OR . O r , consu l t  
chap t e r  2 ( page 2 - 2 0 ) t o  f ind out more about  us ing AND and OR t o  t e s t  cond i t iona l 
r e l a t i ons . 
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OUTPUT 
OUTPUT 

The OUTPUT s t a t ement l e t s  you d i sp l ay inf o rma t i on a t  a g i ven ( x , y )  l ocat ion  
on the  s c re e n  i n  one of  the c o l o r s  in  the current  c o l o r  s e t . OUTPUT has  
the f o rm 

whe re : 

exp 

X 

y 

c 

EXAMPLES 

NOTES 

OUTPUT exp , x , y , c  

i s  the va l ue t o  be d i s p l ayed  a t  t h e  spec i f ie d  ( x , y )  coordina t e s . 
exp can be a nume r i c  o r  s t r ing cons t an t , va r i ab l e , o r  exp re s s ion.  

is  the h o r i z ont a l  screen c o o r d i n a t e  at  wh i c h  the  uppe r  
l e f t  c o rne r o f  exp wi l l  be p l ace d .  x c a n  be  a nume r i c  
con s t an t , var i ab l e , o r  expre s s ion . 

i s  t he ve r t ic a l  s c reen coord ina t e  a t  wh ich  the upp e r  l e f t  
c o rner  o f  exp wi l l  b e  p l ac e d . y c a n  be  a nume r i c  cons tant , 
v a r i ab l e , o r  exp re s s i on . 

r e f erenc e s  the c o l o r  in  one o f  the p o s i t ions  o f  the current  
c o l o r s e t . ' c '  can be 0 ,  1 ,  2 ,  o r  3 and d e t e rmines  the  
c o l o r  i n  wh i ch exp is  d i sp l ayed . 

10 CLS 

20 C OLOR 0 , 3 , 1 , 7  

30 OUTPUT " HELL0 " , 42 , 60 , 1 

40 G OTO 1 0  

1 0  C L S  

20 COLOR 0 , 3 , 1 , 7  
25 FOR Y=72 TO 1 0  STEP - 6  
30 O UTPUT " HELL0 " , 42 , Y , l 

40 NEXT Y 

50 GOTO 1 0  

Never  use  the  RESET-R s e quence t o  t e rmina t e  p ro g r am exec u t i o n  i n  p rograms 
t h a t  c o n t a i n  OUTPUT s ta t ement s .  I f  you h i t  the  RESET but t on a t  a t ime 
when t h e  c ompu t e r  i s  p roce s s ing an OUTPUT s t a t ement , the  s t a tement can 
be  mu t i l a t e d  beyond recogn i t ion , caus ing the p rogram to f a i l  when it t r i e s  
t o  e x e c u t e  t h a t  l ine dur ing a subsequent  RUN . U s e  Cont ro l -C to  s t op execu t ion 
ins t e a d .  
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PEEK 
PEEK 

The PEEK f unc t i on l e t s  you examine the con t e n t s  o f  spec i f ic memo ry a d dr e s s e s  
i n  t h e  I n t e rac t . PEEK re turns  t he conten t s  o f  the spec i f ie d  by t e  addre s s  
a s  a va l ue be twe en 0 and 2 5 5 . PEEK h a s  the  f o rm 

whe r e : 

l oc 

PEEK( lac ) 

i s  a nume r i c  variab l e  tha t spec i f i e s  t h e  l oc a t i on f o r  which 
conten t s a r e  t o  be r e turne d .  l o c  mus t  b e  a n  integer  v a l u e  
wi thin  the  r ange o f  l oca t i ons  t h a t  c an be  examined . Th i s  
range wi l l  depend o n  wh ich ve r s ion o f  BAS I C  y o u  a r e  u s ing : 

LOW H IGH 

M i c ro s o f t 8K BAS IC  
0 3 2 7 6 7  

and RS 2 3 2 BAS I C  

Leve l I I  BAS IC  2 049 2 5 1 2 7  

The va l u e s  r e turned  by the PEEK f unc t i on are  exp r e s s e d  a s  decima l  numbe r s . 
To d e te rmine  t h e  e qu i va l en t  hexadec ima l va lue ( 2  hex d i g i t s ) , u s e  t h e  t ab l e  
i n  chap t e r  1 1  ( page  1 1 -3 ) .  

For  a l i s t  o f  addre s se s  t h a t  a re wo r thwh i l e  t o  PEEK a n d  POKE , consu l t  t h e  
t ab l e  unde r t h e  POKE command i n  t h i s  chap t e r . 

EXAMPLE 

The f o l l owing RS 2 3 2 BAS I C  p r ogram d i sp l ay ' s  your c ompu t e r ' s  sy s t em ROM . 
The va lue  s t o r e d  in  e ach  l oc a t ion i s  g iven in b o t h  dec ima l  and hexadec ima l 
no t a t ion .  Change a l l  o ccurrences  o f  LPRINT i n  the prog ram t o  PRINT t o  run 
t h i s  p rogram unde r M i c ro so f t  8K BAS I C  cont r o l  and d i s p l ay the  v a l u e s  on 
your  TV s c reen . 

By knowing t he ins t ru c t i on equiva l en t s  and ins truc t i on l ength s , i t  i s  p o s s ib l e  
t o  e x t end t h i s  p rog ram t o  d i s a s semb l e  the ROM into  8080 mnemon i c s . Howeve r , 
t h e  ent i r e  d i s a s s emb l y  proce s s  can be eas i l y done w i t h  the  M i c r o  V i deo D i s a s semb l e r , 
which  does  n o t  r e q u i r e  a s  much RAM a s  BAS I C  and an e x t e n s ion t o  t h i s  p r ogram 
wou l d .  

1 0-50  



10 REM - D I SPLAY SYSTEM ROM 

20 REM - ON L I NEPRI NTER 

30 REM - I N  DEC AND HEX NOTAT I ON 

32 D I M  H$ C 2 ) , D C 2 )  

50 LPRINT 

60 L P R I NT " LOC DEC HEX " 

70 FOR L= 1 TO 2048 

80 V =PEEK C L )  

90 D C  1 ) =V AND 240 

82 DC 1 ) =D C  1 ) / 1 6 

1 00 D C 2 ) =V AND 1 5  

1 1 0  REM - DO F O R  EACH HEXD I G I T  I N  BYTE 

1 20 FOR I = 1  TO 2 
130 I F  D C I ) < =9 THEN H $ ( l ) =STR$ C D C I ) ) : GOTO 1 50 

132 RESTORE 

1 3 4  J=DC I ) - 9  

1 3 5  FOR K= 1 T O  .J 
136 READ H$ C I )  

1 37 NEXT K 

1 3 8  GOTO 160 
150 H $ C I ) = R I GH T$ C H$ C I ) , 1 )  

1 60 NEXT I 

170 

172 

1 8 0  

1 8 2  

1 90 

NOTES 

DATA A , B . C , D , E , F  

A$=H$ (  1 ) +H$ ( 2 )  

LPR I NT L ; TAB C 8 ) ; U ; TABC 1 6 ) ; A$ 

IF I NT C L / 1 0 ) * 1 0=L THEN LPR I NT 

NEXT L 

LOC 

1 

2 

3 

4 

5 

6 

7 

8 
9 

1 0  

1 1  

1 2  
1 3  

1 4  

1 5  

PEEK 

DEC HEX 
64 40 
50 32 
2 02 
40 28 
1 9 5  C 3  
1 2  0 C  
0 00 
243 F3 
1 95 C3 
4 04 

8 08 
62 3 E  
5 6  38 
50 32 
0 00 

• 
• 
• 

No t o n l y  i s  Leve l I I  BAS I C  mo re  r e s t r i c t ive in  wha t  l oc a t i o n s  c an b e  acce s sed , 
an  i n i t i a l i z ing o r  " enab l ing" POKE in s t ru c t ion  ( POKE 1 9 21 5 , 2 5 )  mu s t  b e  
execu t e d  e a cH�the Leve l I I  BAS I C  i n t e rp r e t e r  i s  l oaded  o r  t h e  RESET-R s equence 
is u s e d  to r e s t a r t  BAS I C , or PEEKs wi l l  not be  p e rmi t ted . Fa i l u re to execut e  
t h i s  POKE i n s t ruc t i on r e s u l t s  in  a " ? SN ERROR" . I n  M i c ro s o f t  8K a n d  RS 2 3 2  
BAS I C , PEEK and POKE a re a u t oma t ica l l y enab l e d  when BAS I C  i s  i ni t i a l i z e d . 
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PLOT 
PLOT 

The PLOT s t a t em e n t  o u t p u t s o n e  o r  mo re p ixe l s  o n  t h e  s c re e n , a s  spec i f i ed  
by  the  p a r ame t e r s  on the  s t a t ement . PLOT is  genera l l y used  for  p roduc t i on 
of  graphi c  i ma g e s  on t h e  s c reen . The PLOT command h a s  two f o rms ; t h e  f orm 
you can u s e  depends  on wh ich ver s i on o f  BAS I C  you have . I f  y o u  have Leve l 
I I  o r  RS 2 3 2  BAS I C , t he f o rm o f  PLOT i s : 

PLOT x , y , c  

The f orm above c an a l s o be  u s e d  wi th Micro s o f t  8K BAS I C . Howeve r , i n  t h i s  
new ve r s i o n  o f  BAS I C , t he PLOT s t a t ement h a s  been ext ended t o  a l l ow two 
add i t iona l p a r ame t e r s  f o r  f a s t e r  graph i c s  p roduc t ions . W i t h  8K BAS I C , the  
PLOT s t a t ement h a s  t h e  f o rm 

whe r e : 

X 

y 

c 

x l  

y l  

EXAMPLES 

PLOT x , y , c , x l , y l  

i s  t he h o r i z o n t a l  s c reen p l o t t ing c o o r d ina t e . I t  spec i f ie s  
how many p ix e l s  f rom the l e f t  e dge o f  t h e  s c reen  p l o t t ing 
i s  to s t ar t . x can be a nume r i c  con s t an t , var i ab l e , o r  
exp re s s ion . 

i s  t h e  ve r t ic a l  s c reen p l o t t ing c o o r d i na t e . I t  spec i f ie s  
how many p ix e l s  f r om the b o t t om o f  t he s c reen  t he p l o t  i s  
t o  s t a r t . y c an b e  a numer i c  con s t an t , var i ab l e , o r  expre s s i on . 

r e f e renc e s  one o f  t he p o s i t ions  i n  the c o l o r  s e t  ( 0-3 ) t o  
de t e rmine the  c o l o r  f o r  p l o t t ing . The c o l or s t ored  i n  t h a t  
p o s i t ion  i n  t h e  curren t  co l or s e t  i s  u s e d  f o r  p l o t t ing . 

i s  t h e  numb e r  o f  p ixe l s  t o  be  output  h o r i zon t a l ly ,  s t a r t ing 
a t  the x-coo rd ina t e . In  o ther  word s , x l  i s  how l ong y ou 
wan t t h e  p l o t t o  b e . The x l  parame t e r  c an o n l y  b e  u s e d  
i n  M i c roso f t  8 K  BAS I C .  

i s  the numb e r  o f  p ixe l s  t o  b e  output  ve r t i ca l l y ,  s ta r t ing 
at the y-coordina t e . I n  o ther  words , y l  is the h e ight  ( o r 
w i d t h )  you want the  p l o t  t o  b e . The y l  p a r ame t e r  can  on l y  
b e  u s e d  in  M i c ro s o f t  8 K  BAS I C . 

The f o l l owing examp l e s  i l l u s t ra t e  the  u s e  o f  t he PLOT s t a t emen t  f o r  s e ve r a l  
typ e s  o f  g raphi c  e f f ec t s .  S ome o f  t h e  examp l e s  c an b e  execu t e d  w i t h  e i th e r  
M i c r o s o f t  8K o r  Leve l I I  BAS I C ; o th e r s  r e qu i re M i c r o s o f t  8K BAS I C  b e c a u s e  
t h e y  u s e  the  e x t ended PLOT p a r ame t e r s . A l l  examp l e s  t h a t  c a n  b e  ent e red  
in  Leve l I I  BAS I C  can  a l so b e  entered  and  RUN w i th M i c ro s o f t  8K BAS I C .  
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PLOT 
The  f i r s t  e xamp l e  draws a s ing l e  l ine a c r o s s t h e  s c reen . Note  t h a t  Leve l 
I I  BAS I C  r e qu i r e s  three  s t a tement s  t o  accomp l i sh t h e  s ame e f f e c t  a s  can 
be done w i th a s ing l e  s t a t ement in Mi c ro s o f t  8K BAS I C . The PLOT i s  a l s o 
much f a s t e r  i n  8K BAS I C . 

Leve l I I  BAS IC  M i c ro s o f t  8K  BASIC  

10 FOR X= 1 T O  1 1 2 

20 PLOT X , 60 , 1 
1 0  PLOT 1 . 60 . 1 , 1 1 2 , 1 

30 t'lEXT 

Ou r n e x t  examp l e  comb i n e s  the SIN func t ion and the  PLOT s t a t emen t  t o  p roduce 
a SIN curve s imi l a r  to t h a t  p roduced in  the  B i o rhy t hm p rogram .  Th i s  p r ogram 
can b e  e n t e r e d  and RUN in e i t he r ver s i on o f  BAS I C .  

10 C L S  

2 0  FOR X= l T O  1 1 2 

30 Y =  40+ 1 S*S I N ( X/4 ) 

40 PLOT X , Y , 2  

50 NEXT 

The f o l l ow i ng prog ram r e q u i r e s  M i c ro s o f t 8K BAS I C .  I t  i l l u s t ra t e s  the  
produc t i on o f  a s e r i e s  of  " t e l e s cop ing" r e c t ang l e s  on the  s c reen i n  d i f f e rent 
c o l o r s . 

1 0  CLS 
20 X= 1 : Y = 1  
3 0  XL= 1 1 0 : YL=75 
40 C = 1  

50 FOR I = l  T O  1 2  

60 PLOT X , Y , C , XL , YL 

7 0  X=X+3 : Y=Y+3 

80 XL=XL - 6  
90 YL=YL - 6  

1 00 C=C+1 

1 1 0 NEXT 

120 OUTPUT " B00 � " , 45 , 40 , 3  

130 FOR P = 1 TO 500 : NEXT 

1 4 0  G O TO 20 

Our f i n a l  examp l e  i s  a mo re  l engthy samp l e  p rog ram t h a t  i l l u s t r a t e s  va r i ous 
e f f e c t s  t h a t can be  a c h i e ved  e a s i ly and i n  r e l a t ive l y  l i t t l e  p rogramming 
area  wi th M i c ro s o f t  8K BAS I C .  
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PLOT 

5 REM - DEMO PROGRAM FOR THE 

6 REM - MICROSOFT BK FAST GRAPHICS 

7 REM - B A S I C  B Y  
8 REM - M I CR O  V I DEO CORP . 

9 REM - ANN ARBO R , M I  

10 CLS 

20 C O LOR 0 , 1 , 7 , 3  

30 REM - TWO LARGE SOARES 

35 P LOT 7 , 7 , 3 , 96 , 66 

40 PLOT 1 0 , 1 0 , 1 , 90 , 60 

4 5  GOSUB 1 0 0 0  

5 0  REM - A  GR I D  

60 FOR Y= 1 0  TO 70 STEP 

70 P LOT 1 0 , Y , 2 , 90 , 1 

80 NEXT 

80 FOR X= 1 0  TO 100 STEP 

100 PLOT X , 1 0 , 2 , 1 , 60 

1 1 0  NEXT 

1 20 GO SUB 1 000 
130 REM - A  TRI ANGE 

140 L= 1 

150 FOR Y=70 TO 1 0  STEP 

160 PLOT 1 0 , Y , 3 , L , 1 

1 70 L=L+ 1 : NE X T  

1 80 GOSUB 1 000 

240 REM-SOME S T R I PES 

245 C=0 

250 CLS 

260 FOR Y=S TO 72 

262 C=C+ 1 
270 PLOT 1 , Y , C , 1 1 7 , 1 

280 NEXT 
290 GOSUB 1 000 

1 0  

1 0  

- 1  

1 0-54 

300 REM -A STAR IS BORN 
3 1 0  CLS : COLOR 0 , ' 4 ,  3 ,  2 
320 FOR C=1 TO 2 
325 XS=59 

326 XL=l 

330 FOR Y=70 TO 30 
340 XS=XS - 1  

350 XL=XL+2 

360 PLOT XS , Y , C , XL , 1 

370 NEXT 
380 XS= 1 8  
390 XL=83 
400 FOR Y=60 TO 20 STEP 
4 1 0  PLOT XS . Y , C . XL , 1 
420 X S=XS+ 1 
430 XL=X L - 2  

440 N EXT 

500 NEXT 

5 1 0  GOSUB 1 00 0  

- 1  

600 REM - RANDOM COLO SQUARES 
6 1 0  CLS 
6 1 2  COLOR 0 , 5 , 6 , 7  

615 FOR 0= 1 TO 1 50 

620 Y=5+ I NT C 5 5*RND C 1 ) )  
630 X=5+INT C 80*RND( 1 ) )  

640 C= l + I NT ( 3*RND C 1 ) )  

650 XL=2+ I N T C 1 5 *RND( 1 ) )  

670 YL= 1 + I N T C 15*RND( 1 ) )  

680 PLOT X , Y , C , XL , YL 
690 N EXT 

700 GOSUB 1 000 

999 GOTO 10 

1000 REM - A  PAUSE LOOP 

1 0 1 0  FOR Q= l T O  500 

1020 N EXT 
1030 RETURN 



POINT 
POINT 

POINT i s  an a r i t hme t i c  f unc t ion that  re turns  a v a l u e  o f  0 ,  1 ,  2 ,  or 3 .  
Th i s  va l ue i n d i c a t e s  t h e  p o s i t i on in t h e  c o l o r  s e t  i n  whi c h  any ( x , y )  l o c a t ion 
o n  the screen  is d i sp l ay e d . POINT has the  f o rm 

whe re : 

X 

y 

POINT ( x , y )  

i s  t he h o r i z o n t a l  coord ina t e  o f  the  p ix e l  f o r  wh i ch the  
c o l o r  value  is  to  b e  re turne d . x c an b e  a nume r i c  con s t an t , 
var i ab l e , o r  exp r e s s ion . 

i s  t he ve r t i c a l  screen  c o o r d i n a t e  o f  the p ix e l  f o r  wh ich  
the c o l o r  va lue  is  t o  b e  r e t u rne d . y can b e  a numer i c  
cons tant , variab l e , o r  exp re s s i on .  

POINT c an b e  u s e d  t o  a l l ow movement  on the s c re e n  up t o  b u t  n o t  b eyond 
a c e r t a in p o in t  by  t e s t ing f or t he c o l o r  of the p ix e l  in a c e r t a in s c reen  
po s i t i o n . This  c an b e  u s e f u l  i n  game p r ograms in  whi ch y o u  want  to  have 
a b a l l  b ounce o f f  a wa l l  or s e t  up b a r r i e r s  f o r  g ame p ie c e s  t o  maneuve r 
a round . 

EXAMPLE 

The f o l l owing  examp l e  i l l u s t r a t e s  how t o  c r e a t e  a b ouncing b a l l  b e tween 
two wa l l s .  You c o u l d  c r e a t e  your own B re ak through-type game u s i ng t h i s  
and t h e  examp l e  s hown f o r  t he POT f unc t i on . Th i s  p rogram r e q u i r e s  Micro s o f t  
8 K  BAS I C .  

1 0  CLS � ,  

20 C OLOR 0 , 1 , 3 , 7  
30 PLOT 1 , 50 , 1 , 1 1 2 , 1 

40 PLOT 1 , 40 , 1 , 1 1 2 , 1 

50 Y =4 1 : I N= 1  

\-60 FOR X= 1 0  TO 1 1 0 

, 70 J=POINT( X , Y )  

I 80 I F  J< >0 GOTO 200 1 90 PLOT X , Y , 2  

100 FOR P= 1 TO 1 0 : NEXT 

l 1 1 0  PLOT X ,  Y .  0 

120 Y=Y+ I N  

130 NEXT 

1 4 0  GOTO 50 

200 I N= - I N  
2 1 0  GOTO 1 2 0  

1 0- 5 5  
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POKE 
POKE 

The POKE s ta t emen t  a l l ows you t o  s e t  the  c o n t en t s  o f  sp e c i f ic memory addre s s e s  
t o  spec i f i c  va l u e s  t o  c r e a t e  a dvanced  e f f e c t s  in  your  p rograms . The s t a tement 
has  the  f o rm 

whe re : 

l oc 

n 

POKE l oc , n 

i s  a nume r i c  variab l e  o r  cons t an t  t ha t  s p ec i f i c s  t h e  l oc a t ion  
for  wh i ch s t o red  con t en t s are  to  b e  changed . l oc mu s t  be  
the  i n t eger  va lue  of  the  vari ab l e  o r  cons t an t . 

i s  t he d e c ima l va lue  t o  be  s t o r e d  in  the  spec i f i ed  memory 
l oc a t i on .  ' n '  mu s t  b e  an integer  b e tween 0 and 2 5 5 ; i t  
may b e  e i ther  a variab l e  o r  a con s t an t . 

You c a n  p oke any l oc a t i on s  be tween 1 6384 ( t he t op o f  t h e  s c re e n ) t h rough 
3 2 7 6 7  ( t h e  h ighe s t  RAM addr e s s  i n  the  1 6K machi ne ) . For a more comp l e t e 
d e s c r i p t i on o f  t h e  memo ry o rgani z a t ion in the  I n t er ac t , r e f e r  t o  the  documen
t a t i o n  ava i l ab l e  w i t h  t h e  M i c ro V i de o  MONITOR . 

Use  POKE s t a t emen t s  w i t h  cau t i on .  I f  you make an  e r ror  in  l og i c , typ i ng , 
o r  POKEd va l ue s , y o u  can  de s t roy your prog ram . There f o r e , a lways CSAVE 
a p rog ram c o n t a i ni ng POKE i n s t ruc t i ons b e f ore  execut ing i t .  That  way , y ou ' l l  
have a b ack-up c opy  in  the  event t ha t  s ome t h ing t er r i b l e  does  happen t o  
the  prog ram whe n  you  RUN i t . 

Leve l I I  BAS I C  r e qu i r e s  an  in i t i a l  enab l ing POKE i n s t ruc t ion t o  a l l ow subs equent  
POKE s t a t ement s  to  b e  s ucc e s s f u l . Th i s  ins t ru c t ion i s  

POKE 1 9 21 5 , 25 

I n  Micro s o f t  8K a n d  R S 2 3 2  BAS I C , POKE i s  enab l e d  when t h e  in t e rpre t e r  l oa d s , 
so  there i s  no n e e d  t o  e n t e r  t h i s  ins t ruc t i on . I f  you f o rg e t  t o  ent e r  i t  
in Leve l I I  BAS I C  and a t t emp t t o  POKE a memory l oc a t ion , you ' l l  g e t  a " ? S N  
ERROR" . 

On the  n e x t  page i s  a t ab l e  o f  POKE l oca t i ons , v a l u e s , and comme n t a ry t h a t  
you ' l l  f ind u s e f u l  in  exp l o r i ng t h e  e f f e c t s y o u  c a n  a c h i eve b y  "POKE ing 
around ' ' .  We ' ve g iven y ou the POKE addre s s e s  f o r  b o t h  M i c ro s o f t  8K/ Leve l 
I I  BAS I C  and RS 2 3 2 BAS I C . I n  many c a s e s , the addre s s e s  are  t h e  s ame f o r  
a l l  BAS I C s . 

1 0-56  



POKE Locat ion 

Micro s o f t  8K 
o r  Leve l I I  

BASIC 

1 9 2 1 5  

24888 

24559 

24529 

1 63 84-
1 8943 

4096 

6 1 44 ·  

24864 

24545 

2 45 58 

1 9474 
1 9473 

N /A 

N/A  

RS2 3 2  
BAS IC 

same 

24881 

s ame 

same 

same 

same 

same 

248 5 7  

s ame 

same 

same 

2 5098 
2 5099 

2 5 1 00 

De fau l t  
Content s 

0 

3 2  

0-2 55  
( variab l e )  

var iable  

b i t  
pattern 

8*C2+C0 

8*C3+C1 

6 

none 

none 

none 

93 

1 1  

1 0-5 7 

De script ion 

Enab l e s  POKE for Leve l 
I I  BASIC  

POKE 

Con t ro l s  s c ro l l ing direct ion : 
3 2=up , 1 =s i dewi s e , 
others  = d i agona l 

C l ock/ coun t e r  inc rement s 
each 1 / 60th o f  second . 
See  D i g i t a l  C l o ck p rogram 
in BAS IC Examp l e s  Book l e t  

ASC I I  code o f  l a s t  charac ter  
dep r e s s ed on keyboard . 
See  chap t e r  4 .  

Co l o r  TV s creen contro l .  
See  chap t e r  3 .  

Tape motor  contro l and 
c o l o r  reg i s ter  for colors  
CO  and  C 2 .  

C o l o r  regi s ters  for  colors  
C1  and C3 . See chapter  3 .  

Number o f  p ixe l s  per  PRINT 
scro l l .  

RCHRAD . Addre s s  o f  user
def ined charac t e r  t ab l e . 
Forma t : 

Byt e  0 Charact e r  height ( b i t s )  
0 Character  width " 
2 S tart  o f  charact e r  

images 

S t r iped l e t ters  = 102 
Other va lues  give d i f f e rent 
c o l o r  mixes depend ing on 
c o l o r  s e t . See examp l e  ( 1 0-58 ) 

Address  for  USR f unc t ion . 
See  chap ter  1 1 . 

Baud rate  spec i f icat ion 
for RS23 2 interface 

Port contro l--bi t s , p a r i ty , 
length 



POKE 
N / A  

24624 

24626  
24627  

2 5097 

246 1 9  

2462 1  
246 2 2  

0 

none 

none 

Port contro l--no l ine f e e d  
defaul t ,  1 0  to  s e t  on 
automa t i c  l ine f eed  

Change s ound with  keyboard 
s t roke : 1 = sp l a t t e r ; 3=honk ; 
4=h i s s+honk ; 7=typewri t e r  

Change t onal  s ound w i t h  
keyboard s t roke . Anal ogous 
to second parame t e r  o f  
SOUND command . F o r  samp l e  
run set  24626=8 , 24627=1 

The POKE l o c a t ions  and p arame t e r s  above are  j u s t  our  s ugge s t i ons . Exp e r iment  
wi th  POKE ing d i f f e rent  va l u e s  into  t he d i f f erent  l oc a t ions  t o  see  wha t  
t h e  r e su l t  wi l l  be . Aga i n , make s ure  y o u  CSAVE a copy o f  any p rog ram c o n t a i n ing 
POKE s t a t ement s b e f o re y o u  execute  the p rogram , so you ' l l  be s a f e  in c a s e  
you ' ve made an e rror . 

EXAMPLE 

The f o l l ow i ng examp l e  p rog ram u s e s  a POKE l oc a t i on g iven i n  the  p r e v i o u s  
tab l e  t o  p e r f o rm s c ro l l ing w i t h  c o l o r f u l , s t r iped l e t t e r s . When RUN , t h i s  
p rogram p roduces  a daz z l ing " l ight  show" o n  your  TV s c reen . You c an mo d i fy 
the p rog ram t o  p r i n t  your  own spec i a l  mes s age s imp l y  by chang ing t he PRINT 
s t a t ement i n  l ine 5 2 . 

1 0  REM - COLOR STR I PES W I TH P OKES 

15 CLS 

20 POKE 1 92 1 5 , 25 

30 POKE 24558 , 10 2  

52 PR INT " M I CRO V I DEO " 

53 P R I NT 

54 F OR Z= l TO 1 0  

55 C O L O R  0 , 3 , 1 , 7  

58 GOSUB 1 00 
60 COLOR 0 , 1 , 7 , 3  

70 G OSUB 1 0 0  
7 2  C O LOR 0 , 7 , 3 , 1 

74 G O S U B  1 00 

80 NEXT 
92 G O T O  30 

1 0 0  T ONE 60 , 1 0  
1 1 0 RI:-�TURN 

10-58 



POS 
POS 

POS is an a r i thme t ic f unc t ion that r e t urns charac t e r  p o s i t ion  o f  the l a s t  
cha r a c t e r  p r in t e d  o n  the  current  l ine us ing t h e  LPRINT o r  PRINT s t a t ement . 
POS h a s  t h e  f o rm 

whe re : 

n 

POS ( n )  

i s  a dummy va r i ab l e  t h a t  d e f ine s t he func t i on . The v a l ue 
r e t u rned  i n  t h e  s ame no  ma t t e r  wha t  var i ab l e  i s  inc luded  
within  the  parenthe s e s . 

The va l ue r e t u rned  i nd i c a t e s  t h e  p o s i t i on o f  the  l a s t  cha r a c t e r  o u tp u t  
o n  t h e  l ine . I f  a v a l u e  o f  0 i s  r e t urne d ,  n o  s p a c e  r ema ins  on t h e  c u r r e n t  
l ine ; any � u b s e quent  i n f o rma t i on wi l l  be p r in t e d  on a new l ine . 

POS i s  f requen t ly u s e d  w i th the  SPC func t i on t o  p roduce  c o l umna r output  
of  d a t a  on the  s c reen  or  a l inep r int e r .  I t  is  genera l ly u s e d  with  PRINT 
or LPRINT s t a t eme n t s  end ing in  a semi-c o l on .  W i t h  POS , you can u s e  mu l t ip l e  
PRINT o r  LPRINT s t a t ement s  t o  output  i n f o rma t i on o n  a s ing l e  l ine . 

EXAMPLE 

En t e r  and RUN t h i s  p rogram t o  s e e  the e f f e c t  o f  t h e  POS func t ion on the 
inf o rma t i o n  p l a c ement on the s c reen . 

NOTES 

5 CLS 

10 DATA LU , R I CHARD 

20 DATA W I LSON . DAVE 

30 DATA DRI SCOLL , SUE 

40 DATA W I LL I AMS , JOHN 

50 DATA WOLF . T HOMAS 

60 FOR I = 1  TO 5 

70 READ L$ , F$ 

80 PR I NT L$ ; 

90 J =P OS (  0 )  

9 5  K=9 - J 

100 PRINT SPC C K ) ;  F$ 

1 1 0 NEXT 

I f  y o u  have t he M i c ro V i d e o  RS 2 3 2  p e r iphe r a l  i n t e r f ac e  and RS 2 3 2  BAS I C , 
you may f ind  POS h e l p f u l  i n  comb ina t i on w i t h  the  LPRINT s t a t ement t o  p roduce 
c o l umna r  r e p o r t s . In  genera l ,  for output  to the s c reen , the OUTPUT s t a t emen t  
i s  mo re  c onven i e n t  a n d  e a s i e r  t o  u s e . 
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POT 
POT 

POT i s  an a r i t hme t ic f unc t i on t h a t  r e a d s  the  p o t en t i ome t e r  ( po t  knob ) on 
on e i th e r  t h e  l e f t  o r  r i ght e n t e r t a inmen t  contro l l e r  and r e turns  a va l ue 
propor t i on at e  t o  the  p o t  knob s e t t i ng . POT h a s  the f orm 

whe r e : 

n 

POT ( n )  
() .:  L e .C f-
1 "<- f(. c  L.f-

i s  e i th e r  0 o r  1 ,  depending on wh i ch c o n t r o l l e r  i s  t o  b e  
r e a d . POT ( O )  r e t urns t h e  va lue  o f  the  p o t  knob on t h e  l e f t  
cont ro l l e r ; POT( 1 )  re turns the va l ue o f  t he p o t  knob on 
t h e  r i gh t  con t ro l l e r .  

I n  read ing e i th e r  c on t ro l l e r , the l owe s t  va l u e s  are  o b t a ined  when the  p o t  
knob i s  a t  t h e  f a r t he s t  count e r-c l ockwise  p o s i t ion . The va l ue inc r e a s e s  
a s  t h e  knob  i s  t u rned in  a c l ockw i s e  d i rec t ion .  The h ighe s t  v a l u e  i s  o b t a ined 
when the  pot  knob i s  at  the  f a r t he s t  p o s s ib l e  c l ockwi s e  p o s i t i on .  

The POT f unc t ion  i s  u s e d  t o  r e a d  w i th in a range o f  va l ue s ,  n o t  a spec i f i c 
va l ue , a s  in g ame p a dd l e  movement . 

EXAMPLE 

The f o l l ow i ng s imp l e  p rogram l e t s  you examine t h e  POT va l ue s  on each  c o nt r o l l e r  
a s  you  t u rn t h e  knob . 

10 PR I NT POT ( 0 ) ; POTC 1 )  

20 GOTO 1 0  

O u r  next  examp l e  i l l� s t ra t e s  how t o  p roduce and move a g ame p a d d l e  on t h e  
l e f t  s i de o f  the s c r e en . You can u s e  thi s a s  the b a s i s  f o r  p a dd l e  movement  
in your  own BAS IC  game p rograms . Th i s  examp l e  requ i r e s  M i cr o s o f t  8K  BAS I C . 

10 CLS : COLOR 0 , 7 , 1 , 3  

20 PLOT 5 , 1 0 , 1 , 2 , 6 

30 Y Y = 1 0  

4 0  GOSUB 5 0 0  

5 0  GOTO 4 0  

500 Y =POT C 0 )  

5 1 0  Y=Y/2 
520 I F  Y >7 1  OR Y =YY THEN RETURN 

530 PLOT 5 , Y Y , 0 , 2 , 6 

5 4 0  PLOT 5 , Y , 1 , 2 , 6  

550 YY=Y 
560 RETURN 
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NOTES 

The va l ue r e turned  by the  POT f unc t ion can  vary f rom c omp u t e r  t o  c omput e r  
and c o n t ro l l e r  t o  c o n t r o l l e r . The r e a d i ng wi l l  gene ra l l y r ange f rom 3 
t o  1 5 4 when c o n t r o l l e r s  a re p l ugged i n .  I n  c o n t ro l l e r s  a r e  no t p l ugged  
i n , POT  r e t u rns  a va l ue grea t e r  than 200 . 
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PRINT 
PRINT 

PRINT can be u s ed a s  a p rogram s t a t ement or in d i r e c t  mode t o  p r int  i n f o rma t ion  
on  the TV s c re en i n  a s c ro l l ing f a shion . S c ro l l ing w i th PRINT t ak e s  p l ace  
from t he b o t t om-mo s t  l ine on the  s c reen . PRINT h a s  the  f o rms 

PRINT a [ ; a ;  • • •  ; a]  

PRINT a [ , a ,  • • •  , a ] 

whe re : 

a c a n  b e  

o a s t r ing o r  nume ric  cons tant  ( e . g . , "MARY" o r  3 . 1 4 1 5 9 ) 

o a nume r i c  o r  s t ring var ia b l e  ( e . g . , A$ o r  C )  

o a func t i on c a l l ( e . g . , SQR ( A ) ) 

o an a r i thme t i c exp re s s ion ( e . g . , 3*B o r  COS ( C ) *A )  

o a s t r ing exp r e s s ion ( e . g . , A$ + B $ ) 

More t han one c on s t an t , v a r i ab l e , expre s s i on , o r  func t i on ca l l  can  be  p l ac e d  
o n  a s ing l e  PRINT s t a t ement . Y o u  can comb ine i t ems t o  be p r i n t e d  f rom 
d i f f e rent  mode s , s o  l ong a s  you do no t t ry t o  comb ine d a t a  i t ems f rom d i f f e rent  
mod e s  i n t o  a n  e xp r e s s i o n  ( such a s  PRINT A$  + B ) . The  i t ems t o  be  p r in t e d  
can b e  s e p a r a t e d  w i th  e i th e r  s emi-c o l ons o r  comma s .  I f  you  u s e  the  comma 
a s  a s ep a ra t o r , t h e  d a t a  i t ems a re output  in f i e l d s 1 4  charac t e r s  wide . 
Whi l e  t h i s  i s  u s e f u l  f o r  p r int ing d a t a  on a l inep r i n t e r  w i t h  LPRINT , i t s  
u t i l i ty i s  s omewh a t  que s t i onab l e  f or s c reen p r int ing , due t o  the  I n t e r ac t ' s  
1 7-cha rac t e r  length  l ine s .  The s emi-c o l on sepa r a t o r  i s  f a r  mor e  f re que n t l y  
u s e d  w i th PRINT . I f  y o u  s ep a r a t e  i t ems wi th s emi-c o l ons , nume r i c  d a t a  
a r c  o u t p u t  w i th both  a l e ad ing and t ra i l ing b l ank , wh i l e  s t r ing d a t a  va l u e s  
a r e  c oncatena t ed . Y o u  c a n  u s c  the S P C  f unc t i on o r  a s t r ing o f  b l anks t o  
a d d  s p a c e s  be twe en s t r in g s  in  PRINT s t a t ement s .  F o r  examp l e , 

PRINT "MICRO" · "VIDEO" 
MICROVIDEO 
PRINT "MICRO " · SPC( 2 )  · "VIDEO" 
MICRO VIDEO 

No t e  t h a t  i f  the c omma s ep a r a t o r  is u s e d , s t r ing d a t a  wi l l  wrap a r ound 
the e dge of the s c r e en , wh i l e nume r i c  data  wi l l  no t .  

PRINT used  a lone s c ro l l s  a b l ank l i ne on the s c reen . 

EXAMPLES 

Becau s e  the PR INT command is so wide ly  u sed  throughout t h i s  manua l ,  we 
have e l e c t e d  to p re sent  on ly the  above s imp l e  examp l e  t o  i l l u s t ra te i t s  
use . S e e  chap t e r  2 i n  p a r t icu l a r  f o r  a re l a t ive ly l engthy d i s c u s s i on o f  
the PRINT c ommand ' s  u s e s . 
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READ 
READ 

The READ s t a t ement  r e f erences  d a t a  v a l u e s  s t o r e d  in DATA s t a t emen t s  in  
a BASI C  p r og ram and s to r e s  them f or �se  i n  var i ab l e s  i dent i f i e d  i n  the 
READ s ta t ement . READ h a s  t he f orm 

whe re : 

a 

READ a [ , b ,  • • •  , z ]  

i s  a s t r ing o r  numer i c  variab l e  name i n t o  wh ich  a d a t a  
va l ue f rom a READ s t a t ement i s  t o  b e  s to re d .  More  t han 
one var i ab l e  name can b e  inc l ud e d  o n  the  READ l i s t . The 
v a r i ab l e s  mu s t  a l l  have d i f f e r en t  name s and mu s t  be s e p a r a t e d  
by  c omma s .  

READ i s  t h e  mo s t  c onve n i e n t  and e f f i c i ent  mann e r  o f  e n t e r ing l ar g e  numb e r s  
o f  d a t a  c on s t an t s  i n t o  a p rogram f o r  s u b s e quent  u s e . When t h e  READ s t a t ement 
i s  u s e d  f o r  the f i r s t  t ime i n  a p rogram , i t  a lway s r e a d s  d a t a  v a l u e s  f rom 
the  f i r s t  DATA s t a t ement in the  p rogram .  S ub s e quent  acce s s  t o  t h e  d a t a  
i n  t h e  DATA s ta t emen t s  i s  s e quent i a l . READ h a s  an i n t e rn a l p o i n t e r  t h a t  
ke e p s  t rack o f  whi ch d a t a  p o i n t s  i n  t h e  DATA s ta t emen t s  have a l r e a dy been  
u s e d . Once data  p o i n t s  have been  ente red  as  a r e su l t  of  a READ s t a t emen t , 
they a r e  n o t  r e u s e d  un l e s s  t he RESTORE s ta t ement  i s  u s e d  t o  r e s e t  READ ' s  
i n t e rna l p o in t e r  b ack t o  t h e  f i r s t  d a t a  i t em on t h e  f i r s t  DATA s t at ement . 
See  RESTORE f o r  more  i n f o rma t i on on t h i s  f e a ture  o f  BAS I C . 

READ s t a t ement s  a re f r e quen t ly p l aced  w i t h i n  FOR • • .  NEXT l oops when  more  
than  one d a t a  va l u e  o r  set  of  data  p o in t s a r e  t o  b e  used  i n  a s ing l e  opera t io n .  
Th i s  c oncep t i s  i l l u s t r a t e d  i n  t he f o l l owing e xamp l e . 

EXAMPLE 

NOTES 

5 R EM - " CHARGE " NOTES 

1 0  D ATA 1 68 , 33 . 124 , 45 
20 DATA 87 , 58 , 80 , 4 0  

30 DATA 87 , 58 , 80 , 25 0  

35 REM - G I VE M Y  REGARDS N O T ES 

40 DATA 1 48 , 74 

50 D ATA 1 30 , 1 40 , 1 1 7 , 70 
60 DATA 1 1 0 , 1 70 , 87 , 1 50 , 1 1 0 , 280 , 1 1 7 , 23 5  

7 0  CLS : OUTPUT " CHARGE ! " , 35 , 60 , 1 

80 C = 6 : GOSUB 600 

90 C LS : C=7 
100 OUTPUT " G I VE MY REGARDS " , 1 0 , 60 , 1 : GOSUB 600 

1 1 0  RESTORE 

1 2 0  GOTO 70 
580 REM - SUBROUT I NE TO PLAY " C "  TONES FROM CURRENT 

585 REM - POS I T I ON IN THE ' DATA' S TATEMENTS 

500 FOR I = 1  TO C 

6 1 0  READ A , B  
620 TONE A , B  
630 NEXT : RETURN 

S e e  DATA and RESTORE i n  t h i s  chap t e r  f o r  mo re  i n fo rma t i on on t h i s  mode  
of  data  ent ry . A l s o  c o ns u l t  chap t e r  6 .  
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REM 
REM 

Wi th  REM ( rema rk ) s t a t ement s ,  you  can  documen t your p rogram i n t e rna l ly .  
REM i s  a " do-no t h ing"  s t a t emen t  t h a t  exi s t s  o n l y  f o r  document a t i on p u r p o s e s-
REM s t a t ement s  are  neve r exe c u t ed . Th i s  s t a t emen t  h a s  t h e  f o rm 

whe r e : 

t ex t  

REM t e x t  

i s  a s t r i ng o f  u p  t o  7 2  cha rac t e r s ( i n c l uding  the  l ine  numb e r  
and REM keywo rd ) t h a t  document s p a r t  o f  y o u r  p rogram , u s ua l l y 
p ro gram l og i c . 

REM s t a t emen t s  a re mo s t  o f t e n  us ed  to  document p rog ram l og i c , a l though you  
can u s e  t hem i n  any way  you  wi sh . They add c l a r i ty t o  the p rog ram , b u t  
a t  the  exp ense  o f  RAM . Because  REM s t a t emen t s  consume cons ide rab l e  amount s  
o f  your  p rog ram s t o rage space , we recommend you u s e  t hem spa r i ng l y .  

You can  t rans f e r  p rogram c on t r o l  t o  a REM l ine w i th a GOTO o r  GOSUB s t a t emen t , 
but  we r e c ommend  avo i d i ng th i s . Because  they t ak e  up l arge amoun t s  o f  RAM , 
a s  your p rograms g row l a rge r you may have t o  remove REM l ine s t o  g a i n  a d d i t iona l 
memo ry .  I f  you GOTO a REM l ine  f rom ano the r p rogram l ine , then  have t o  
remove t he REM l ine  t o  conse rve space , you wi l l  have  t o  r e type t he l in e  
con t a i n i ng the  GOTO o r  GOSUB s t a t ement t o  c o r r e c t  t h e  p rogram l ogi c . 

Never  p u t  any o th e r  s t a t ement s on the s ame l ine a s  a REM s t a t emen t . BAS I C  
con s i d e r s  e v e r y t h ing a f t e r  t h e  REM keyword t o  be  documen t a t ion , and any 
s t a t emen t on the  s ame l ine wi l l  be  ignore d .  

EXAMPLE 

I s  an examp l e  rea l ly n e e d e d ?  I f  y o u  f e e l  y o u  need  m o r e  i n f o rma t i on o r  an  
examp l e  of  a p rog ram w i th REM l ine s , s e e  chap t e r  2 ( 2- 1 9 ) .  

1 0-64 



RESTORE 

RESTORE 

The RESTORE s t a t ement r e s e t s  the READ s t a t ement ' s  i n t ernal  p o i n t e r  that  
keep s t rack of  whi c h  da t a  i t ems in the  ava i l ab l e  DATA s t a t emen t s  have been  
r e f e rence d .  Data  i t ems on DATA s t a t emen t s  a r e  n o t  r e u s e d  w i th i n  a program 
un l e s s  t h e  RESTORE s ta t ement i s  g iven . Whe n  RESTORE i s  execut e d , the i n t e rn a l  
p o i n t e r  i s  s e t  b ack  t o  t h e  f i r s t  d a t a  i t em i n  t h e  f i r s t  DATA s t a t ement 
in the p rogram .  Th i s  p e rm i t s  mu l t ip l e  READ s t hrough DATA s t a t eme n t s  i n  
a p rogram .  The RESTORE s t a t emen t  h a s  t he f o rm 

RESTORE 

No var i ab l e s  or o th e r  i n f o rma t i on a re u s e d  w i th RESTORE . 

W i t h  RESTORE and " dummy " READ s t a t emen t s  in  a p rogram l oop , you can  p o s i t i on 
the i n t e rna l p o i n t e r  t o  any p o i n t  w i t h i n  any DATA s t a t ement in t h e  p rogram .  
T h e  f o l l ow i ng examp l e  i l l u s t r a t e s  t h i s  concep t . 

EXAMPLE 

NOTES 

5 REM - " CHARGE " NOTES 
10 DATA 1 68 , 33 , 124 , 45 

20 DATA 97 , 58 , 80 , 40 

30 DATA 97 , 58 , 80 , 250 

3 5  REM - G I VE MY REGARDS NOTES 

40 DATA 1 4 8 . 74 

50 DATA 1 30 , 1 40 , 1 1 7 , 70 

60 DATA 1 1 0 , 1 70 , 97 , 1 50 , 1 1 0 , 280 , 1 1 7 , 2 3 5  
70 CLS : REST ORE 
80 O UTPUT " C=CHARGE " , 1 0 , 60 , 1 

85 OUTPUT " OR " , 22 , 54 , 2  

90 OUT PUT " G= G I V E  MY . . .  " , 1 0 , 48 , 1 

100 A$= I NSTR$ ( 1 )  

1 1 0 I F  A$= " C "  THEN C=6 : G OSUB 600 : GO T O  70 

120 IF A$< > " G "  GOTO 100 

1 3 0  REM - FLUSH FIRST 6*2= 1 2  TONE PAIRS 

1 40 FOR I = l TO 1 2 : READ A : NEXT 
150 C=7 : GOSUB 600 

160 G OTO 70 

590 REM- SUBROUT I NE TO PLAY " C "  TONES FROM CURRENT 

595 REM-POS I T I ON IN THE ' DATA' STATEMENTS 
600 FOR I = 1  TO C 

6 1 0  READ A , B 

620 TONE A , B 

630 NEXT : RETURN 

S e e  the  DATA and  READ e n t r i e s  in t h i s  chap t e r  and a l s o chap t e r  6 f o r  mo re  
i n f o rma t i o n  o n  e n t e r ing data  into  p rograms i n  t h i s  way . 
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RETURN 
RETURN 

RETURN i s  a s ta t ement t h a t  i s  r e qu i r e d  t o  t e rmina t e  a s ubrou t ine i n i t i a t e d  
with a GOSUB s ta t emen t . When RESTORE i s  executed  i n  a p rogram , p rogram 
con t r o l  i s  re turned  t o  the  s t a t ement f o l l owing the  o r iginat ing GOSUB s t a t emen t . 
RETURN h a s  the  f o rm 

RETURN 

No o th e r  p ar ame t e r s  a r e  inc luded  wi th a RETURN s t a t ement . 

RETURN mu s t  be  t h e  l a s t  s t a t ement  in  e ach subrout ine  in  o r d e r  f o r  t h e r e  
to  be  succe s s fu l  p ro g ram execut i on a n d  r e turn t o  t h e  c a l l ing program l og i c . 
In any p rogram u s ing  sub r o u t ine s , the  numb e r  o f  e x e c u t e d  RETURN s t a t emen t s  
shou l d  e qua l t h e  numb e r  o f  executed  GOSUB s t a t ement s .  

EXAMPLE 

The f o l l owing p rogram l e t s  you  e xp l o r e  your SOUND chip  v i a  a subrou t ine . 
The progr am p roduc e s  a s e r ie s  o f  sounds w i t h in the  range you  s p e c i fy on 
the INPUT s t a t emen t . T ry e n t e r ing t he va l u e s  0 , 5000 at  the  INPUT p r omp t 
to  g e t  an i d e a  o f  how t h i s  p rogram ope ra t e s .  

NOTES 

10 CLS 
20 O UTPUT " T HE NEW WAUE " , Z2 , 60 , 1 
30 W I NDOW 24 
'..:!C" � ..... I NPUT " LO W , H I GH " ; L ,  H 
40 GOSUB 100 
45 PR I N T : PR I NT 
50 GOTO 35 
99 REM - SUBROUT I NE TO QU ICKLY G O  THROUGH SOUNDS 
1 0 0  FOR X=L TO H 
1 1 0 S OUND 3 ,  X 

1 2 0  NEXT 

1 30 SOUND 7 , 4096 
1 40 RETURN 

S e e  RESTORE , GOSUB , INSTR$ , JOY and o thers , a s  we l l  a s  chap t e r  7 ,  wh i c h  
d e a l s  exc l u s ive ly w i t h  subrout ine s ,  f o r  mor e  informa t ion . 
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REWIND 
REWIND 

REWIND can be  u s e d  as a d i re c t  mode c ommand or p ro g r am s t a t emen t to t urn 
the  t ap e  mo t o r  on f o r  t ap e  p o s i t ion ing or to p l ay a mus i c  t ap e  dur ing p r og r am 
execu t i on . I t  h a s  t h e  f o rm 

REWIND 

No o th e r  p arame t e r s  a r e  g i ven on t he REWIND s t a t emen t . 

Once y ou ' ve i s su e d  t h e  REWIND command i n  d i r e c t  mode , y o u  c an d ep r e s s  any 
of the c a s s e t t e  b u t tons  f o r  t ap e  p o s i t i on ing . D ep re s s ion  o f  the c a s s e t t e  
but t ons  i n  c onj unc t ion w i t h  REWIND have t h e  f o l l ow i ng e f f e c t s :  

REWIND r ewinds  t ap e  quickly  

F-FWD f a s t - f o rwa rd p o s i t ioning o f  t he t ap e  

READ mov e s  t h e  t ape  f o rward  s l owl y .  I f  you  u s e  t h e  READ c a s s e t te 
b u t t o n , you  w i l l  hear  s ounds a s  i f  a p ro g r am were  l oa d ing . 
I gnore  t h i s  s ound ; no d a t a  i s  be ing r e a d  i n t o  your  comp u t e r  
when t h e  READ c a s s e t t e  b u t t o n  i s  dep r e s sed  i n  c on j unc t i o n  
w i t h  t h e  REWIND c ommand . S inc e y o u  c an h e a r  t h e  s ounds 
w i thout  ove rwr i t ing your  e x i s t ing p rogram ,  t h i s  provide s 
an e f f e c t i ve method  o f  accu ra t e l y  p o s i t i o ni ng t h e  t ape  
f o r  a subsequent  read ing o r  wr i t ing opera t i on . 

READ + WRI TE e r a s e s  any i n f o rma t i on s to r e d  on t h e  t ap e . You c an u s e  
REWIND i n  t h i s  w a y  t o  e ra s e  o l d  t ap e s  f o r  reu s e . 

A lway s  u s e  t h e  REWIND c ommand t o  p o s i t i on t h e  t ap e  b e f o r e  u s ing CSAVE t o  
s t o r e  a prog r am o n  t ap e . I f  you  rewind the  t ap e  comp l e t e l y , be  sure  t o  
dep re s s  t he READ c a s s e t t e  but t o n  f o r  a f ew s ec on d s  b e f o re t e rm i n a t ing t h e  
REWIND command  and i s suing CSAVE . Thi s  ensur e s  t h a t  a l l  t h e  " l e a d e r "  t one , 
requ i r e d  f o r  p ro p e r  p rogram l oa d i ng , i s  s aved a l ong w i th t h e  progr am d a t a .  

Te rmin at e  t h e  REWIND c ommand  by p re s s ing any key . 

You c a n  a l s o u s e  REWIND t o  turn  on the  t ap e  mo t o r  f o r  p o s i t i on i ng and s aving 
da t a  on t ap e  f rom w i t h i n  a p rogram or to p l ay aud i o  c a s se t t e s  in c onj unct ion 
wi th  p r o g r am d i sp l ay .  The f o rme r concept  is  i l l u s t r a t e d  i n  the  f o l l owing 
examp l e . 
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REWIND 
EXAMPLE 

10 CLS 

15 COLOR 0 , 3 . 2 . 7  

20 D I M  A( 20 ) 
30 FOR Q= l TO 20 

40 A C Q l=5•SQR ( Q ) - 4 . 5  

50 GOSUB 500 

55 C LS 

57 OUT PUT . SA U I NG DATA " , 24 , 50 ; 3  

60 CSAUE*A 

70 CLS 

80 P R I NT " DRTA SAUED " : PRINT 

90 END 
494 REM 
495 REM - POS I T ION TAPE ROUT I NE 
496 REM 

500 CLS : OUTPUT " I NSERT DATA TAPE " , 1 0 , 60 , 1 

5 1 0  OUTPUT " AND DEPRESS THE " , 1 0 , 54 , 1 

520 OUTPUT " ' REW I ND' BUTTON " , 1 0 , 48 , 1 

530 OUTPUT " H I T  ANY KEY " , 1 0 , 24 , 2  

540 OU TPUT " WHEN DONE " , 1 0 , 1 8 , 2  

550 REW I N D  

5 6 0  RETURN 
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RIGHT$ 
RIGHT$ 

RIGHT$ i s  a s t r ing han d l ing f unc t ion t h a t  i so l a t e s  a spec i f i ed  number  o f  
charac t e r s  f rom a s t r ing , beginn ing w i t h  t he r i ghtmo s t  character  i n  the  
s t r ing . I t  h a s  t h e  f orm 

whe r e : 

a$  

n 

RIGHT$ ( a$ , n )  

i s  the  s t ring va r i ab l e  name con t a i n ing the  s t r ing f rom 
wh ich  charac t e r s  are t o  be i s o l a t e d . 

i s  t he numbe r  o f  charac t e r s  t o  b e  i s o l a t e d  f rom t h e  s t r ing , 
s t a r t ing w i t h  the r igh tmo s t  charac t e r . ' n '  mu s t  be  grea t e r  
than o r  equal  t o  z e r o . I f  t h e  s t r ing i s  sho r t e r  t han ' n '  
charac t e r s , a l l  charac t e r s  in t h e  s t r ing a r e  i so l a ted . 

RIGHT$ t ak e s  the  s p ec i f ie d  numbe r  o f  charac t e r s  f rom the s t r ing and u s e s  
them i n  s ub s e quent  program ope ra t ion . 

EXAMPLE 

In t h e  f o l l owing examp l e , a " C i ty , S t a t e "  p o r t i o n  o f  an addr e s s  i s  p r e s umed 
to be  i n  the s t r ing C S $ . As sum (ng tha t a l l  addre s s e s  are in  the  U . S .  and 
have p r o p e r  P o s t a l  S e rv i c e  two-cha rac t e r  s t a t e  abb rev i a t i ons , t he RIGHT$ 
func t ion e f f ec t ive l y  i so l a t e s  the s ta t e  abbrev i a t i o n , regard l e s s  o f  the 
l eng t h  of  the c i ty name . You might  use RIGHT$ i n  an e x t ens ion of  t h i s  
program t o  i so l a t e  t he s t a t e  p o r t i on o f  t he d a t a  f o r  accumu l a t i on and s o r t ing 
f o r  a demographic  s u rvey , f o r  examp l e . 

NOTES 

1 0  CLS 

20 FOR 1 = 1  TO 5 

30 READ CS$ 

40 P R I NTRIGHT$ ( CS$ , 2 )  

50 P R I NT : NEXT 

60 DATA " CH I CAGO , IL " 

70 D ATA " ADA , M I " 

80 DATA " NEW Y ORK , NY " 

90 D A T A " P I TTSBURGH , PA " 

100 DATA " FARGO , ND " 

S e e  chap t e r  4 f o r  more i n f o rma t ion on s t r ing handl ing w i th RIGHT$ and the  
o th e r  s t ring  f unc t ions . 
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RND 
RND 

RND i s  a nume r i c  f unc t ion t h a t  r e turns a uni fo rm l y  d i s t r ib u t e d  random numb e r  
between 0 . 0  a n d  1 . 0 .  RND i s  t h e  c a l l t o  the  random numbe r  g ene r a t o r  t h a t  
i s  f requen t l y  u s e d  f o r  add ing e l ement s  o f  chance t o  game p l ay , p ro duc t i on 
of  random graphi c s  and t one s , e tc .  RND has  t he f orm 

whe r e : 

n 

EXAMPLE 

RND ( n )  

i s  a v a l ue t h a t  d e t e rmines  how t he random numb e r  gener a t o r  
i s  s e e ded  and acce s s e d .  ' n '  c a n  be  a negat ive , p o s i t ive , 
o r  z e r o  va l u e . 

I f  ' n '  i s  a negat ive numbe r ,  t hen a new s e e d  i s  u s e d  f o r  
a l l  s u b s e quent  c a l l s  t o  the RND f unc t ion . I f  y o u  u s e  the 
s ame nega t ive a rgumen t  on subsequent  c a l l s  to  RND , t h e  s ame 
s e r i e s  of numb e r s  w i l l  be returne d .  

I f  ' n '  i s  z e r o , t hen the s ame numb e r s  r e turned o n  t h e  p revious  
ca l l  is  r e turned again .  

I f  ' n '  i s  p o s i t ive , then the "nex t "  r andom numb e r  i n  t h e  
s e r i e s  i s  r e t u rned . The v a l ue o f  ' n '  i n  t h i s  c a s e  d o e s  
n o t  a f f e c t  the  s e r i e s  o f  random numb e r s  t h a t  a r e  re turne d .  
The va l ue o f  p o s i t ive 1 i s  commonly  u s e d .  

The f o l l ow i ng p rogram r e t u rns a un i f o rmly d i s t r i b u t e d  s e t  o f  random i n t ege r s  
having v a l ue s  o f  0 ,  1 ,  2 ,  and 3 .  The s e  va lues  c ou l d  t hen be  u s e d  f o r  random 
c o l o r  s e l ec t ion of one  of the  f our  c o l o r s  in  the current  c o l o r  s e t , a l though 
t h i s  p rog ram does no t d emon s t ra t e  that u s e . 

5 POKE 192 1 5 , 25 
6 J=RNDC - PEEKC 24559 ) )  
10 R=INTC RNDC 1 )*4 ) 
20 PRINT R 
30 GOTO 10 

S eve r a l  other examp l e s  of u s ing t he RND f unc t ion f o r  r andom numb e r  gene r a t i o n  
wi t h in p rograms a r e  p re s ent e d  in  chap t e r  2 ( 2-3 5 ) .  The game p rogram i n  
cha p t e r  5 a l s o u s e s  t h e  RND f unc t ion in deve l op ing i t s  r andom g raph i c  sky l ine . 

NOTES 

The I n t e ra c t ' s  random numbe r  gene r a t ion s cheme i s  actua l ly a p s eudo-random 
numb e r  g e n e ra t o r . Tha t i s , there  i s  a l a rge s e r i e s  o f  numb e r s  f rom wh i ch 
the f unc t i o n  d r aws . S ince t h e s e  numbe r s  a re i n  s e r i e s , t hey can , f rom t ime 
to t ime , b e  r e p ea t e d . You c an gene r a t e  a more  " r andom" s ta r t ing s e e d  i n  
t h e  s e r i e s  by u s ing t h e  PEEK f unct ion t o  d e t e rmine the  nega t ive v a l u e  o f  
t h e  internal  c l o ck a n d  u s ing t h a t  a s  t h e  s e e d .  Th i s  wi l l  l e s s en t h e  f r e quency 
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o f  repe t i t i o n s  i n  v a l u e s  drawn f rom the  s e r i e s , a l though t h e  probab i l i ty 
o f  repe t i t i on s  i s  a c tua l ly qui t e  l ow .  To s e t  t h e  s t a r t ing s ee d  f o r  random 
numbe r  gene r a t i on w i th r e sp e c t  to the c l ock , u s e  t h e  f o l l ow ing s t a tement : 

J = RND ( -PEEK( 24559 ) )  

RND 

The va l u e  r e turned by the  func t ion c a l l  with  a nega t ive a rgument  i s  genera l l y 
not  u s e d  i n  o th e r  p l a c e s  i n  the p rogram .  
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SGN 
SGN 

SGN i s  an a r i t hme t ic f unc t i on that  re turns a va lue  o f  - 1 , 0 ,  o r  1 ,  depending  
on  the s ign of  the  a rgumen t . I t  h a s  the  f o rm 

SGN ( n )  

whe r e : 

n i s  a nume r i c  v a r i ab l e  o r  expre s s i o n  f o r  whi c h  t h e  a l gebra i c  
s ign i s  t o  b e  d e t e rmined . I f  the  r e su l t  o f  ' n '  i s  negat ive , 
SGN r e t urns a va l u e  o f  - 1 . I f  t he r e su l t  o f  ' n '  i s  p o s i t ive , 
SGN re t urns a va lue  o f  1 .  I f  ' n '  i s  z e r o , SGN re turns  a 
va l ue o f  0 .  

The s t a t ement G = SGN (V/F ) ,  f o r  examp l e , i s  equ iva l en t  t o  t h e  l onge r , t h r e e 
s t a t emen t  s e quenc e : 

EXAMPLE 

G=O : IF V/F  > 0 THEN G = 1 
IF V / F  ( 0 THEN G = -1 

5 PR I NT 

10 P R I NT " ENTER ANY " 

20 I NP UT " NUMBER " ; N  

30 B=SGN C N ) +2 

40 ON B GOSUB 100 , 200 , 300 

45 GOTO 5 
1 0 0  PRINT " I T ' S NEGAT I V E " : RETURN 

200 P R I NT " I T' S ZERO " : RETURN 

300 P R I HT " I T' S POS I T I VE " : RETURN 
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SIN 

SIN i s  a t r i gonome t r ic f unc t i on that  compute s the s ine o f  an ang l e  g iven 
in r a d i an s . I t  h a s  the  f o rm 

whe re : 

n 

EXAMPLE 

SIN ( n )  

i s  a n  ang l e , expre s s e d  in  r a d i ans , f o r  whi ch the t angent 
is to be  c ompu t e d .  ' n '  c an b e  a nume r i c  c on s t ant , v a r i ab l e , 
o r  exp re s s ion .  

Te s t  t h e  u s e  o f  t h i s  f unc t ion w i t h  an ang l e  o f  0 degree s . The s ine sho u l d  
b e  0 .  The s ine o f  90  d e g r e e s  i s  1 . 0 ,  wh i l e  t h e  s ine  o f  45  degre e s  i s  . 707 . 

1 0  PR I NT : �nn·.--r: I H  rt:�£ES • 

20 I NPUT • 
30 R=DE/g .� 
-40 PR I NT IUU. 
50 G O T O  .. . 

1 0-73  

SIN 



SOUND 
S OUND 

The SOUND s ta t ement p roduc e s  various  s ound s through t h e  TV sp e ake r , accord ing 
t o  the  va l u e s  spec i f i ed  in  i t s  two a rgumen t s .  The SOUND s ta t ement has  the  
s omewhat  unique  c apab i l i ty of  l e t t ing o th e r  commands  execute  wh i l e the s ound 
spec i f i e d  by the parame t e r s  is be ing p roduc ed . The s ounds c an be t urned 
o f f  by a S OUND 7 , 4096  s ta t ement wi thin  a p rogram or by h i t t ing any key  on 
the keybo � r d . S OUND has  t h e  f o rm 

whe re :  

n 

m 

SOUND n , m 

i s  a va l ue b e tween 0 and 7 which  may b e  spec i f i e d  a s  a cons t ant , 
var i ab l e , o r  exp re s s i on .  

i s  a v a l ue be tween 1 and 3 2 7 6 7 . ' m ' a l so may b e  spec i f i e d  
a s  a cons t an t , var i ab l e , o r  exp r e s s i on . 

Wh i l e t h e r e  a r e  l i t e ra l ly hundreds  o f  addr e s sab l e  s ounds in  your  I n t e r ac t , 
no t a l l  parame t e r  c omb in a t ions  p roduce s ound s .  To g e t  you  s t a r t e d , h e r e  
are  some o f  our  f avo r i t e  sound c omb ina t i ons . 

SOUND 

0 '  2 48 44 
1 , 2 8 
1 , 8 7 7 0  
2 , 1 0 
2 , 1 2  
2 , 2 2 
2 '  1 40 
2 , 2 6 4  
2 , 42 2  
2 , 600 
3 '  1 4  
3 , 1 6 
3 , 3 0  
3 , 6 2  
3 , 6 6  
3 , 80 
3 , 84  
3 '  109  

DESCRIPTI ON 

S i ren 
Pouring  r a i n  
N i ag a r a  F a l l s  
Me d i um f lu t t e r  
I n t e rm i t tent  wh i t e n o i s e  
Tra c t o r  
F a s t  c l ock 
H i gh speed s t e am eng ine 
H igh speed  mo t o r  
He l ic o p t e r  
S a t e l l i t e  s i gna l 
D i e s e l  h o rn 
Warning a l a rm 
Low warning t one 
1 93 8  P l ymou th-- s tuck horn 
Fac t o ry l unch s igna l 
Annoy ing buz z ing s ound 
Busy c i rcu i t  
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3 , 1 8 2  
3 , 2 5 8  
3 , 26 2  
3 , 26 4  
3 , 26 8  
3 , 2 7 6  
3 , 28 2  
3 , 2 8 4  
3 , 3 2 8  
3 , 3 40 
4 , 40 
5 , 3 9 2  
5 , 3 98  
5 , 42 2  
6 '  1 7 0  
6 , 45q  
6 , 460 
6 , 3 500 

DESCRIPTION 

PT- 1 09 
Tugboat  horn 
A i r p l ane , twin-cyc l e  

�La s e r  
Pha s e r  
B-26  bomb e r s  
D e e p  s p a c e  a s s a u l t  
He avi p h a s e r  
Machine guns 
Machine ry vibra t ion 
Low p u l s e  
L o c u s t  a t t ack 
F r ench amb u l ance 
Outboard mo t o r  
Te l ephone 
Mad organ i s t  
P h a s e r  
P u l s ing drone 



SOUND 
EXAMPLE 

I f  y ou ' d  l ik e  t o  s e a rch t h rough a l l  the  sounds  your  I n t e ra c t  can make , 
t ry t h i s  l i t t l e p rogram ,  the  I n t e r a c t ive N o i s emake r .  Th i s  program indexe s 
through a l l p o s s i b l e  SOUND v a l u e s  under t h e  cont r o l  o f  t h e  l e f t  j oy s t i ck . 
As t h e  program run s , SOUND v a l u e s  you s e l ec t  by movi ng t h e  j oy s t i ck t o  
the l e f t  o r  r i gh t  a r e  d i sp l ayed  on t he s c reen  and p roduced  t h rough the 
TV s peake r .  Move t h e  j oy s t i ck t o  the r ight t o  increment t h e  va l ue o f  the  
s ec ond  SOUND p a r ame t e r ; push  it  to  the r ight  to  inc r e a s e  t h e  v a l ue of  the  
f i r s t  p a r ame te r . I f  you  don ' t  move the j oy s t ick  a t  a l l ,  t he l a s t  SOUND 
s e l ec t e d  w i l l  p l ay cont inuous ly . 

NOTES 

5 REM - I NTERACT I V E  NOI SEMAKER 

1 0  CLS : COLOR 7 , 1 , 2 , 4 

70 FOR J = 0 TO 7 
80 FOR K = 0 TO 32767 

90 S O UND J , K  
100 P R I NT " SOUND " ; J ; SPC ( 1 ) ; K  

1 1 0 L = J0Y ( 0 ) + 1  

1 20 O N  L GOTO 1 1 0 , 1 60 , 1 5 0  

1 4 0  GOT0 1 1 0  

1 5 0  NEXT K 

160 NEXT J 

You c an f ind  o u t  more about the s ound s your  I n t e r a c t  can make , a s  we l l  
a s  mus ica l t one s , by consu l t ing the  l oop ing s e c t i o n  o f  chap t e r  2 ( 2- 2 3 ) 
and t h e  TONE s t a t ement  i n  t h i s  chap te r .  
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SPC 
SPC 

The SPC ( spac e )  f unc t ion i s  u s e d  in  PRINT and LPRINT s t a t ement s  to i n s e r t  
a spec i f i e d  numbe r  o f  b l ank s p a c e s  b e tween p r i n t e d  d a t a  i tems . SPC  i s  ana l ogous  
in f unc t i on to  dep r e s s i ng the  space  bar  on a typewr i te r  a s p e c i f ie d  numb e r  
o f  t ime s wh i l e  f o rming a p r in t e d  l ine o f  mat e r i a l .  S P C  h a s  the  f orm 

whe re : 

n 

EXAMPLE 

SPC ( n )  

i s  a nume r i c  v a l ue that  ind i c a t e s  t h e  numb e r  o f  s p a c e s  t o  
b e  i n s e r t e d  be tween o ther p r in t e d va l ue s .  ' n '  mus t  b e  grea t e r  
t han o r  e qua l t o  z e ro and n o t  s o1 l a rge a s  t o  p roduce a p r in t e r  
l ine  t h a t  i s  l onge r  than 80 charac t e r s  o r  a wrappe d  s c re e n  
l ine  t h a t  i s  l onge r  t han 7 2  charac t e r s . 

The f o l l owing p ro g r am and p r in t e r  l i s t ing i l l u s t r a t e  the  u s e  o f  the  SPC  
func t ion t o  i n s e r t  a s t ead i l y  increment ing numb e r  of  spaces  b e tween two 
wo rds i n  p r in t e d  o u t pu t . Thi s  p rogram l i s t ing and h a r d  copy f r om p rogram 
execut i o n  were  p roduc e d  on an Inte ract  e quipped  w i th an RS 2 3 2 i n t e r f ac e , 
RS 2 3 2 BAS I C , and  a n  a t t ached  COMPRINT 9 1 2-S l inep r i nt e r .  

1 �  FOR 5=0 T O  20 
20 LPR I NT " H I " ; SPC ( S ) ; " THERE " 

3e NEXT 

1 0- 7 6  

H I  THERE 

HI T HERE 

H I  T HERE 

HI THERE 

H I  THERE 

HI THERE 
H I  THERE 

H I  THERE 

HI THERE 

H I  THERE 
H I  THERE 
H I  T HERE 

HI THERE 

H I  THERE 

H I  THERE 

H I  THERE 
HI THERE 
H I  THERE 
H I  THERE 
HI THER E  
H I  THERE 



SQR 
SQR 

SQR i s  an a r i t hme t i c  f unc t i on tha t re turns the  s quare  r o o t  o f  a g iven a rgument .  
SQR h a s  the  f o rm 

whe r e : 

n 

EXAMPLE 

SQR ( n )  

i s  t h e  v a l ue f o r  wh ich t h e  s qu a re r o o t  i s  t o  be  compu t e d .  
' n '  mus t  be  grea t e r  than o r  e q u a l  t o  z e r o , and may be  i n  
t h e  f orm o f  a nume r i c  cons tant , va r i ab l e , o r  a r i thme t ic 
exp r e s s i o n . 

10 P R I NT : PR I NT " YOUR NUMBER , " 

20 I NPUT " PLEASE " ; N  

30 I F  N< 0 T HEN PRINT . W I L L  NOT COMPUTE " : GOTO 1 0  

40 PR I NT " SQUARE ROOT I S " ; SQR ( N )  

50 GOTO 1 0  
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STOP 
STOP 

STOP i s  an indirect  mode s t a t ement that instructs  BASIC t o  interrup t p roce s s ing 
of program s t a t ement s  and return to di rect mode , "OK" s tatus . I t  has  the 
form : 

STOP 

When a stop  i s  executed , the me ss age "BREAK IN nnnn" prints  to i dent ify  
the  l ine in which the  STOP s t a t ement was encountere d .  Us ing d irect  mode 
commands you can then examine and change various va l ue s  in  the p rogram . 
When your changes  are  made , you can restart  program execut ion whe re i t  
broke f f  by i s s u ing the CONT ( cont inue ) command . 

STOP and CONT are  u s e d  dur ing the p rogram debugging p roce s s  a t  p l aces where  
you need  to  "get  into"  the  program and l ook a t  the va l u e s  o f  va riab l e s  
t o  determine logic  e rrors . 

EXAMPLE 

10 CLS 

20 A=3 

30 B=4 
40 C=At 4 - 1 

50 STOP 

60 D=C - ( A+B ) 

70 PR INT D 

When you run this  p rogram , i t  wi l l  s t op in mid-execut ion with  the me ss age 

BREAK IN 50 
OK 

You may then use the PRINT command to  disp l ay the values  of the variab l e s  
A ,  B ,  C ,  and D and to  s e e  the p rogress o f  the compu t a t ions . Then , when 
you type the CONT command , the program p icks up where it l e f t  o f f , cont inue s 
the compu t a t ions , and p r int s the computed resul t o f  the var iab l e  D .  
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STR$ 
STR$ 

STR$ i s  a s t r i ng hand l ing func t i on t h a t  re turns  the v a l u e  o f  a nume r i c  
argument  i n  s t r ing f o rma t . STR$ i s  thus  a f unc t i on t h a t  c onve r t s  nume r i c  
va l u e s  i n t o  s t r ing r e p r e sent a t i ons . I t  i s  c omp l ement ary t o  VAL , wh i ch 
t ake s a s t r ing va l u e  and conve r t s  i t  t o  nume r i c  rep re sent a t ion . STR$ h a s  
t h e  f o rm 

whe re : 

n 

EXAMPLE 

STR$ ( n )  

i s  t h e  nume r i c  cons tant , var i ab l e , o r  exp r e s s i o n  t h a t  i s  
t o  be  c onve r t e d  i n t o  t he s t ring . 

I n  t h e i r  no rma l mode s , s t r i ng and nume r i c  d a t a  c anno t be  d i s p l ay e d  on the  
s c r e en w i t h  a s ing l e  OUTPUT command-- t h a t  type  of  mode  m i x i ng is  n o t  a l l owed 
in BAS I C .  B u t  wha t  i f  you  h ave a game i n  whi ch you  keep  s c o r e , and a t  
the  e n d  o f  t h e  g ame you ' d  l ike t o  d i s p l ay t h e  name s o f  the  winner and the  
l o s e r  and t h e i r  s c o re s . N a t u ra l ly ,  you c ou l d do  t h i s  with  seve r a l  OUTPUT 
s t a t ement s ,  o r  p u t  t h e  s t r ing d a t a  and nume r i c  d a t a  on separate  l in e s  o f  
the  s c reen . Howeve r ,  the  STR$ f unc t ion p r o v i d e s  y o u  w i t h  a way t o  comb ine  
the two  da t a  mod e s  for  o u t p u t  w i th a s ing l e  c ommand .  You j u s t  c onve r t  
the nume r i c  d a t a  i n t o  s t r ing f o rm w i t h  t h e  STR$ f unc t ion . Then , a l l t h e  
da t a  i s  o f  t h e  s ame mode a n d  can  be conca t e n a t e d  on t h e  OUTPUT s t a t ement 
wi th  the ' + '  o p e r a t o r , as shown b e l ow .  

NOTES 

5 CL5 

10 5 1 =4 9  

20 52= 1 4  
30 OUTPUT . DAVE " +5TRS( S 1 ) + " CORI " +STR$ ( 52 ) , 10 , 60 , 1 
40 AS= I N5TRS C 1 )  

See  chap t e r  4 f o r  f u r th e r  i n f o rmat ion about  s t r ing hand l ing . 
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TAB 
TAB 

TAB i s  an a r i t hme t ic func t ion t h a t  i s  used  wi th PRINT and  LPRINT s t a t emen t s  
t o  p o s i t ion  i t ems s u b s e quen t ly  p r in t e d  a t  a spec i f i e d  p r in t ing c o l umn o r  
screen po s i t ion . I t  i s  ana l ogous in  func t ion t o  t h e  TAB key on a typewr i t e r , 
except t h a t  you  s p e c i fy t he p r in t ing p o s i t i on a s  an a rgument  t o  the  f unc t ion . 
TAB h a s  t h e  f o rm 

whe re : 

TAB ( n ) · I / i , : ( ;·,J ) 

n i s  a nume r i c  c ons tant , va r i ab l e , o r  exp re s s ion  t h a t  s p ec i f i e s  
t h e  c o l umn i n  wh ich the next  i n fo rma t ion  i s  t o  be  p r in t e d . 
I f  ' n '  spec i f i e s  a c o l umn that  i s  l e s s  than t h e  current  
p o s i t ion o f  the  p r int  head o r  s c reen cur s o r , then t he TAB 
c a l l i s  igno re d .  ' n '  mu s t  b e tween 0 and 8 0  i n  v a l u e , s o  
a s  n o t  t o  exceed  the 8 0  charac t e r  c o l umn w i d t h  a l l owed . 

---�- ·--=--===-----h--
11) ' ' -1',._n � !... f' I 1 . ........--

The TAB f unc t i on i s  u s ua l ly i n s e r t e d  in the  PRINT l i s t  and s e p a r a t e d  f rom 
adj acen t  i t ems w i t h  s emi-co l on s ( ; ) . 

EXAMPLE 

Th e fo l l owing p r og r am l i s t i ng and l inep r in t e r  output  show how a var i ab l e  
can  b e  graphed  o n  a l i nep r in t e r  u s ing R S 2 3 2  BAS I C  and the  M i c ro V i d e o  i n t e r f ac e  . 

1121 FOR X=0 TO 6 . 28 STEP . 4 
20 5= 1 5  + l Z*S I N C X )  

( ' ) 
j ... 

25 LPR INT " I "  ; T A B C  S ) ;  " * "  1: * 
30 NEXT 

L 
I * 

I * 

I * 

I * 

I * 

I * 
T * .L 

I * 

I * 
T * .1. 

I * 

I * 
·,.- * .1. 

I * 
I * 

1 0-80 



TAN 

TAN i s  a t r i gonome t r ic f un c t ion t h a t  c ompu t e s  the  t angent  o f  an ang l e , 
g iven i n  r a d i an s . TAN h a s  the  f o rm 

TAN ( n )  

whe re : 

n i s  an ang l e ,  exp r e s s e d  in  radi ans , f o r  wh ich  the  t angen t 

TAN 

i s  t o  b e  c ompu t e d . ' n '  can be  a nume r ic cons t an t , var i ab l e , 
o r  expre s s ion . 

EXAMPLE 

In t h i s  sho r t  p ro g r am ,  you  a re a sked t o  supp l y  t he s i z e  o f  an ang l e  in 
degre e s . The p rog ram conve r t s  t h a t  va l ue into  numb e r  o f  r a d ians , t hen 
compu t e s  the t angen t . Te s t  the  use of t h i s  f unc t ion  by e n t e r ing an ang l e  
o f  4 5  d e g r e e s .  The t angent s ho u l d  h e  1 . 0 .  The t angent o f  0 d e g r e e s  i s  
z e ro . The t angent o f  1 3 5  degre e s  i s  -1 . 0 .  

1 0  PRINT : PR I NT " RNGLE I N  DEGREES " 
20 I NP UT DE 
30 R=DE/57 . 2958 
40 P R I NT TANC R )  

50 GOTO 1 0  
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TONE 
TONE 

The TONE s t a t ement  p roduc e s  a mus i c a l t one th rough t h e  TV s p e ake r .  The 
f re quency and d u r a t i o n  of the t one are d e t e rmined by the v a l u e s  of the two 
pa rame t e r s  i nc l u d e d  w i th the TONE s t a t ement . TONE h a s  the f o rm 

TONE f i , d  

whe r e : 

f i  

d 

i s  an i n t e g e r  expre s s ion , the va l ue o f  wh i ch i s  inve r s e ly 
p r op o r t i on a l  t o  the  f requency o f  the  t one . That  i s , t h e  
sma l l e r the  v a l ue o f  f i , the higher  t h e  p i tch  o f  the r e s u l t ing 
t on e . 

i s  an i n t e g e r  exp r e s s i on ,  the  v a l u e  o f  wh i ch i s  p r op o r t i ona l 
t o  the  t one . The l arge r the va l u e  o f  d ,  the l onge r t h e  
r e su l t i ng t one . La rge o r  negat ive va l ue s  o f  d shou l d  b e  
avo id e d , a s  t h e y  p roduce ext reme l y  l ong- l a s t ing  t one s .  

TONE s t a t emen t s  c an b e  u s e d  t o :  

o P l ay s imp l e  me l od i c  t une s .  

o Comp l ement  v i sua l a c t i v i ty i n  scre en d i sp l ay , s uch a s  f a l l i ng o b j e c t s , 
w i t h  rap i d  t o n a l  s e quenc e s . 

Mu s i c a l  s e quenc e s  can b e  p roduced  by combin ing a s e r i e s  o f  TONE s ta t emen t s  
tha t d r aw f rom the  f o l l owing l i s t  t o  d e t e rmine the f i r s t  TONE p a r ame t e r . 

NOTE 1 ST TONE PARAMETER NOTE 1 ST TONE PARAMETER 

LOW G 2 2 4  MIDDLE G 1 1 0 

c# 2 1 2  c# 1 04 

A 200 A 9 7  

A# 1 8 9  A# 9 1  

B 1 7 9 B 8 5  

c 1 6 8  c 80 

c# 1 58 c# 7 5  

D 1 48 D 7 1  

D# 1 3 9  D# 6 7  

E 1 3 1  E 63  

F 1 24 F 5 9  

F# 1 1 7  F# 5 5  

HIGH G 5 1  
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TONE 
For  examp l e , t o  p l ay the  C-E-G-C note  s equenc e , RUN the  f o l l owing p rogram :  

10 REM C - E - G - C  TONAL SEQUENCE 
20 TONE 1 6 8 , 1 50 
30 TONE 1 3 1 , 1 92 
40 T ONE 1 1 0 , 229 
50 TONE 8 0 , 3 1 5  

The va l ue s  o f  t h e  s econd p arame t e r s  i n  e ach  TONE s t a t ement  were cho s en 
so  t h a t  t h e  n o t e s  h a d  e qu a l dur a t ion . To exp l o re the  l eng t h  o f  t o n e s  f ur ther , 
RUN t h e  next  s amp l e  p r o gram . I n  th i s  p rogram , t h e  n o t e s  s t ay the  s ame , 
but  t h e  dura t ion o f  e ach n o t e  become s s h o r t e r  a s  t h e  v a l u e  o f  the  s econd 
p a r ame t e r  g e t s  sma l l e r . 

300 P R I NT " LONG TONE " 

3 1 0  TONE 200 , 1 00 

320 P R I NT " MED I UM TONE " 

330 TONE 200 , 50 

340 P R INT . SHORT TONE • 

350 TONE 200 , 10 

360 PRINT " S HORTEST TONE " 

370 T ONE 200 . 1 

380 GOTO 3 0 0  

I n  o r d e r  f o r  a t on a l s e quence t o  have e ach n o t e  h e l d  an e qu a l  l ength  o f  
t ime , the  pr o duc t o f  ( f i* d )  mus t  be  a c ons t an t . F o r  examp l e , i n  the  
C-E-G-C note  s e quence  above , you ' l l  n o t e  t h a t  for  e a c h  TONE � t a t ement the  
p roduc t o f  t h e  two parame t e r s  e q ua l s  approx imat e l y  2 5 , 200 . To doub l e  the  
speed  of  t h e  note  s equenc e , r educe the  value  of  the  s econd p a r ame t e r  by 
app rox ima t e l y  h a l f  by mu l t ip ly ing the  s econd p a rame t e r  of  each  t one by 
. 5 .  To  speed it  up  s t i l l  f u r t he r ,  t o  f ou r  t imes  as  f as t ,  mu l t ip ly by . 2 5 . 

O f  c o ur s e , i n d i v i d u a l  me l o d i e s  w i l l  n o t  h ave c o n s t ant  t one  dura t i ons--they ' l l 
cont a i n  q ua r t e r , h a l f ,  and e ighth  not e s . The d u r a t i ons  o f  t h e  s ec o n d  TONE 

· parame t e r s  a re mu l t ip l i e d  t o  achieve the  c o r r e c t  rhyt hm o f  the  mus i c . 
He re ' s  a f am i l ia r  f avo r i t e  whi ch i l l u s t ra t e s  t h i s  c oncep t . You c ou l d  c omb ine 
t h i s mus ic a l  s equence in a p rogram w i t h  approp r i a t e  g�ap h i c s  and me s sage s 
and u s e  i t  f o r  f am i l y  c e l eb r a t ions . RUN t h i s  p rogram t o  h e a r  the  me l ody : 
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TONE 1800 REM - A  MELODY USED AT LEAST ONCE A YEAR . 
1970 GOSUB; ''3000 

. 

" ' .. ;;:.� } .· ' 
1 975

' 
TONI:: ; 1 24 , 1 24 

1 97S TONE:> 1 3 1  � 200 

1 9� G OSUB. 3 000
: .. . 

2000 ::FOR N= l  · TO 1 5  

20 1 0
. 

READ A ,  E · · 

202e TONE A , B 
2030 NF;:XT 

2040. END 

2050 DATA 1 1 0 ,  1 10 �  1 24 , 21210 

2060 DATA � 68� 84 , ��8 , 84 

2070 DATA 80 , 1 60 , 97 ; 200 

2080 DATA 1 24 , 1 50 , 1 3 1 , 1 3 1  

2090 DATA. 1 48 , 1 48 , 9 1 , 9 1 

2092 DATA 9 1 , 9 1 . 97 , 97 

2 100 DATA 1 24 , 1 24 , 1 10 , 1 1 0 

2200 DATA 1 2 4 , 1 50 

3000 TONE 1 68 , 42 

30 1 0  TONE 1 68 , 42 
3020 TONE 1 48 , 99 

3030 TONE 1 68 , 84 

3040 RETURN 

Thi s  nex t examp l e  s imu l a t e s  s ome r a th e r  ama z ing "keyb o a r d  r un s " . P l ay i t  
through a t  h igh vo l ume on  your  TV s e t  t o  g e t  t he f u l l e f f e c t . 

1 0  REM - UP THE SCALE 

20 FOR F I =400 TO 1 STEP - 1  

30 TONE F I , 600/FI 

4 0  NEXT 
45 REM - DOWN THE SCALE 

50 FOR F I = 1  T0 400 

60 TONE F I , 800/FI 

?0 N EXT 

And f ina l ly ,  t o n e s  c a n  be u s e d  t o  h ighl ight vi sua l mot i o n  on t h e  s cr e e n  
a s  shown in  the  f o l l ow i ng s amp l e p rogram .  

1 0  CLS : COLOR 0 . 1 , 3 , ? 
20 FOR X= 1 TO 1 1 2 : PLOT X , 1 1 , 1 : NEXT 

30 FOR Y=?6 TO 16 STEP - 2  

32 S OUND ? , 4096 

40 OUTPUT " * " , 56 , Y , 3  

4 5  TONE 1 00 - Y , 20 
50 OUTPUT " * " , 56 , Y , 0  

60 NEXT 

?0 SOUND 1 , 5 1 4  

72 FOR 0= 1 TO 30 : NEXT 

75 S OUND 1 , 5 1 5  
?6 FOR Q=1 TO 1000 : NEXT 

80 GOTO 30 
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USR 
USR 

The U S R  f unc t i on i n s t ruc t s  BAS I C  to begin  execut ing mach ine l anguage ins t ruct ions 
t h a t  b egin a t  a p re sp e c i f i ed  addre s s . The mach ine l anguage ins t ru c t ions 
a r e  p ro c e s s e d  unt i l  a "C9" ins t ruc t i on is  encoun t e re d . Then , con t r o l  o f  
exec u t ion  i s  r e t u rn e d  t o  BAS I C , t o  t he s ta t ement imme d i a t e l y  f o l l owing 
the USR  c a l l .  USR  h a s  two f o rms . The one you  wi l l  u s e  depends  on wh ich 
ve r s i o n  of BAS I C  you  a re u s ing : 

J = U SR ( O )  i n  M i c r o so f t  8K and Leve l I I  BAS I C  

U S R  in  R S 2 3 2  BAS I C  

In  t h e  f unc t ion ca l l  f o rmat  in  Micro s o f t  8 K  o r  Leve l I I  BAS I C , t h e  va lue  
o f  t h e  a rgumen t  and the r e t u rned va lue , s t o r e d  in J ,  a r e  unimp o r t an t . 
On l y  t h e  U S R  keywo r d  i s  r e qu i red  t o  c a l l a machine l anguage rout ine f rom 
RS 2 3 2 BAS I C . 

The s t a r t ing addre s s  o f  the  machine l anguage rout ine  i s  s e t  by two POKE 
s t a t emen t s  t h a t  i ni t i a l i z e  l o c a t ions 1 9 474 and 1 94 7 3  w i t h  t h a t  a d d r e s s .  
S e e  chap t e r  1 1 --Mac h ine Language I n t e g r a t ion-- f o r  a mo r e  c omp l e t e  d i sc u s s i on 
o f  how t o  u s e  USR  t o  t ran s fe r  p rogram c on t r o l  t o  machine l anguage subro u t ine s . 

NOTES 

Mach ine  l anguage p rog rammi ng i s  mor e  d i f f icu l t  t han p rogramming w i th h igher 
l eve l l anguage s ,  s uch  a s  BAS I C . The USR f unc t ion i nvo l v e s  p rogramming 
techn i qu e s  f o r  the i n t e rme d i a t e  to advance d  p rogramme r .  

To g e t  s t a r t e d  w i t h  the  c oncep t s  o f  comb ined  BAS I C  and machine l anguage 
programming , we s ugge s t  the  BOMBS AWAY ! Programming Tuto r i a l . I t ' s  an  
ent e r t a in i ng g ame with c l ever anima t i on that  u s e s  machine l anguage subrout ine s 
ext e n s i ve l y . The p rog ram i s  heavi ly  docume n t e d  and p rovi d e s  a good  t ra in ing 
ground f o r  t h o s e  who a r e  i n t e r e s ted  in  l ea rning t o  c omb ine the two p rogramming 
mode s . 
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VAL 
VAL 

VAL i s  a f unc t ion t h a t  re turns  the  numer i c  e qu iva l ent o f  a numb e r  t h a t  i s  
s t ored  i n  s t r ing f o rma t . VAL i s  thus a conve r s ion func t i on c omp l eme n t a ry 
to STR$ . I t  h a s  the  f orm 

whe re : 

s $  

VAL( s $ )  

i s  a s t r ing that  c onta ins  nume r i c  i n f o rma t i o n . I f  the  f i r s t  
c h a r a c t e r  o f  the  s t r ing i s  not  a d i g i t  ( 0-9 ) , a p lu s  o r  
a minus  s ign , o r  a decima l p o in t , then VAL r e tu rns a va l ue 
o f  z e r o  f o r  that  s t r i ng .  

The VAL f unc t ion can  b e  u s e f u l  i n  accept ing data  which may inc l ude  nume r i c  
va l u e s  o r  spec i a l  keywo r d s ,  s uch a s  "HELP" o r  "END " , f rom t h e  keyb o a r d . 
The keyboard  i nput  i s  a lway s  read  into  a s t r ing variab l e , then c onve r t e d  
t o  i t s  numer i c  e qu iva l ent  i f  i t  i s  n o t  a spec i a l  keywo r d .  The f o l l owing 
add i t i on q u i z  p rogram i l l u s t r a t e s  th i s  concep t .  I t  a l s o  p ro v i d e s a n i c e  
dri l l  capab i l i ty f o r  y oung chi l dren . 

EXAMPLE 

5 REM - ADD I T I ON QU I Z  

1 0  CLS 
20 OUTPUT " HOW MUCH IS ? " , 20 , 60 , 1 
30 OUTPUT STRSC R l ) + " + " +STRS C R2 ) , 30 , 40 , 0  

35 R l =INTC 9 * R ND C 1 ) )  

36 R2= I NT C 9•RNDC 1 ) )  
40 OUTPUT STRSC R 1 )+ " + " +STRS C R2 ) , 30 , 40 , 2  

50 W I NDOW 24 

55 I NPUT SS 
58 I F  SS< > " HELP " GOTO 70 

59 PRINT 

60 PR I NT " I T' S " ; R l +R2 

65 AS= I NSTR$ ( 1 )  

67 PR I NT : PR I NT 

68 GOTO 30 

70 A=VAL C S$ )  

80 I F  A=R l+R2 THEN PR I NT " R IGHT ! " : P R I NTCHR$ ( 7 ) : PR I NT : P R I NT : GOTO 30 

90 PR I NT " NO WAY . TRY AGAIN " 

95 PRINT " OR TYPE : HELP " 

100 G OTO 50 
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WINDO\l' 
WINDOW 

The WINDOW s t a t ement  e s t ab l i sh e s  the  numb e r  o f  l in e s  on t h e  l ower p o r t i o n  
o f  t h e  T V  s c r e en t h a t  w i l l  be  u s e d  f o r  t h e  s c ro l l ing  re s u l t  o f  t h e  PRINT 
or LIST  s t a t emen t s .  WINDOW has t he f o rm 

whe re : 

n 

WINDOW n 

i s  t h e  y-c o o r d i n a t e  b e l ow whi c h  s c ro l l ing c a n  o c c u r . ' n '  
mu s t  be  a va lue  be twe en  1 1  and 7 7 .  

By de f au l t , t h e  WINDOW i s  s e t  a t  t he t op o f  t h e  s cr e e n  s o  t h a t  a l l  ma t e r i a l  
o n  t h e  s c re e n  i s  s c ro l l e d .  Th i s  i s  e qu i va l en t  t o  t h e  s e t t i ng o b t a ined  
with  t he s t a t ement  WINDOW 7 7 .  We sugg e s t  that  y o u  s e t  WINDOW as  a n  i n t e g r a l  
mu l t ip l e  o f  6 s o  t h a t  p a r t i a l  l in e s  a t  t h e  w indow boundary are  n o t  "chopped 
o f f ' '  a t  the  t op .  The RESET-R r e s t a r t  s e quence a�t omatl c a l ly s e t s  w i ndowing 
back t o  t h e  d e f au l t , WINDOW 7 7 .  

WINDOW 
VALUE 

1 2  

1 8  

2 4  

72  

# TEXT LINES I N  
SCROLLING AREA 

1 

2 

3 

1 1  

The WINDOW s t a t emen t  i s  u s e f u l  f o r : 

1 .  D i s p l ay ing t i t l e  l in e s  on the  s c re en and s c ro l l ing s ub-p o i n t  i n f o rma t ion 
bene a t h  t hem . 

2 .  D i s p l ay ing a q ue s t i on on the  t op o f  t h e  s c re e n  and having answer s  
app e a r  a t  t h e  b o t t o m .  I ncorre c t  answer s  won ' t c a u s e  t h e  q ue s t i on 
t o  b e  s c ro l l e d  o u t  o f  s ight  ( s e e  VAL e xamp l e ) . 

3 .  D e ve l op ing g raph i c s  w i th d i r e c t  mode s t a t emen t s .  
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WINDOW 

EXAMPLE 

300 C LS 

3 1 0  l.oJ I NDOW 24 

320 OUTPUT " THE V ALUE O F  P I " , 1 0 , 60 , 1 
330 O UTPUT " TO 4 PLACES 15 " , 1 0 , 54 , 1 

3 4 0  INPUT ANS 

350 IF ANS=3 . 1 4 1 6  GOTO 380 

360 P R I NT " NO .  TRY AGA I N "  
370 GOTO 330 
380 CLS : PR I NT " R I GHT I n 

390 W I NDOW 7 7  

400 L I ST 
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MACHINE LANGUAGE INTEGRATION 

When y o u ' ve become c omp l e t e ly ac qua i n t e d  and f ami l ia r  w i t h  how BAS I C  operat e s , 
you may w i s h  t o  move t o  a mo re advanc e d  type o f  p r o gramming t h a t  comb ine s 
b o t h  BAS I C  l anguage s t a t emen t s  and sub ro u t ine s wri t t en i n  machine l anguage . 
BASI C ' s  USR f unc t io n  l e t s  you t rans f e r  program c on t r o l  t o  the  s t a r t ing 
addr e s s  o f  a mach ine l anguage subrou t ine . The l a s t  ins t r u c t i on i n  a machine 
l anguage rou t ine , C 9 , t rans f e r s  c on t ro l b ack to  BAS IC--to  the s t a t ement 
imme d i a t e ly f o l l owing the USR c a l l .  

Examp l e s  o f  mach ine l anguage code  you may w i sh t o  invoke f rom your BASI C  
programs inc l ude : 

SOURCE EXAMPLE FOR MORE INFORMATION 

ROM Subrout ines  RPLOT Graphics  Guide to  ROM Subrout ines 

Your own code Specia l ized ari th- BOMBS AWAY Programming 
me t i c  func t i ons  Tuto ria l 

Micro  Vi deo MONITOR 

Subrout ine s Vector  Graph ics  Vec t o r  Graphics  
supp l ied  by Subroutines document a t ion 
o thers  

To t rans f e r  c o nt r o l to  a mach ine l anguage r o u t i n e  you  mu s t :  

1 )  POKE t h e  s ta r t ing addre s s  o f  the mach ine l anguage rout ine i n t o  l oc a t ions 
1 94 7 4  and 1 94 7 3 . 

2 )  POKE any r e qu i red  c a l l ing parame t e r s  i n t o  spe c i f i e d  l oc a t ions  where  
it  c an b e  read  by t h e  mach ine l anguage rout ine . 

3 )  Execu t e  one o f  t he f o l l owing s ta t ement s ,  depending on wh ich ve r s i on 
o f  BAS I C  you a r e  u s ing : 

A 

USR 

USR ( O ) Micros o f t  8K o r  Leve l I I  BASI C  

RS 2 3 2  BASIC 

Note  that  BAS I C  wo rks with dec ima l va l ue s , wh i l e machine l anguage i n s t ruct ions 
and a dd re � s e s  are in  hexadecima l  ( b a s e  1 6 ) . The l oc a t ions  1 9 474  and 1 9 473 
can c o n t a i n  f our  hexade c ima l d i g i t s  wh ich ide�t i fy the s t a r t ing addre s s  
o f  a machine  l anguage rout ine . S ince t h e s e  two by t e s  mu s t  be  s e t  in  BAS I C  
to  two i nd i v i dua l POKE ins t ruc t ions w i th dec ima l a rgumen t s ,  you mu s t  f i r s t  
conve r t  t h e  hexa d e c ima l addre s s  into  two dec ima l v a l u e s  t o  b e  u s e d  i n  the 
POKE c omman d s . 

For examp l e ,  l e t ' s  a s sume that  we have deve l op e d  a mach ine l anguage rout ine 
t h a t  b e g i n s  at hex addr e s s  SE6B . Becau s e  mach ine l anguage reads  addre s s e s  
in  " reve r s e "  o rde r , a dec ima l va l ue e qual  t o  S E  mu s t  b (� poked i n t o  l oc a t i on 
1 9 47 4 ,  and a v a l u e  equa l t o  6B  mu s t  be  poked  i n t o  1 9 473 . By l ooking a t  
the f o l l owing b i t  p a t t e rn s  f o r  ea ch by t e , we can compu t e  the dec ima l va l u e s  
f o r  t h e  POKE i n s t ruc t ions . 
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Hex V a l ue 5 E 6 B 

B i t  Va l u e s  [ o 1 0 1 . I �--�- _1 
___ ili_ 1 1 0 �-- 0 1 1 1 

D e c ima l 
1 9 4 7 4  1 9 4 7 3  

Va l ue 9 4  1 0 7  

There f o re , the  POKE s t a t emen t s  requi red a r e  

POKE 1 9474 , 94 

POKE 1 9473 , 1 07 

Wh i l e  a d i s cu s s i o n  of 8080 mach ine l anguage p rogramming i s  beyond the scope  
o f  this  manua l , we have p rovided  a hexade c ima l t o  dec ima l c onve r s i on chart  
on  the  f o l l owing p age for  case  in mach ine l anguage addre s s  c onve r s ion . 
I f  you  want t o  l e a rn t o  p rog ram in machine l anguage , you wi l l  need  the  M i c r o  
V i deo MON I TOR . The MON ITOR documen t a t ion c onta ins  a numbe r  o f  s ugge s t ed 
re f e rences  f o r  l ea rn ing 8080 p rog ramming . We ' ve a l so l i s t e d  s ome o th e r  
s o u r c e s  f o r  i n f o rmat io n  in  t h i s  chap t e r . Con su l t  t h e  Programming A i d s  s e c t i on 
o f  the M i c r o  V i deo  P r o du c t  C a t a l og t o  f ind out  wha t  p r o duc t s  a r e  ava i l ab l e  
t o  he l p  you  ge t s t a r t e d  i n  machine l anguage integra t i on .  You ' l l  p robab l y  
f ind tha t , in  a dd i t i on to  t h e  MONITOR , t h e  BOMBS AWAY ! Prog ramming Tu t o r i a l  
and the  G u i de t o  ROM S ubrou t ines  wi l l  b e  h e l p fu l  i n  ge t t ing y o u  s t a r t e d  
i n  t h i s  mo r e  c omp l ex type o f  p rogramming . 

1 1 -2  



HEXADECIMAL/ DECIMAL CONVERS ION CHART 

( Hex)  00 01  02 03 04 05 06 07 08 09 OA OB oc OD OE OF 
( Dec . ) 0 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  1 A  1 B  1 C  10 1 E  1F  
1 6  1 7  1 8  1 9  20 21 22 23 24 2 5  2 6  2 7  2 8  29 30  3 1  

20 2 1  2 2  23  24 25  26  2 7  28 29 2A 2B 2C 20 2E 2F 
3 2  3 3  3 4  3 5  36  37  38 39  40 41 42 43 44 45 46 47 

30 3 1  3 2  3 3  3 4  3 5  36  37  38  39  3A 3B 3C  3D 3E 3F  
48 49 50 51  52  53  54  5 5  5 6  5 7  5 8  59 60 61 6 2  6 3  

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 40 4E 4F 
64 65 66  6 7  68 69 70 71 7 2  73 74 7 5  76  7 7  7 8  7 9  

50 51 5 2  5 3  5 4  5 5  56 57 58 59 5A 5B 5C 50 5E SF 
80 8 1  8 2  83 84 85  86  8 7  8 8  89 90 91  9 2  9 3  9 4  9 5  

60 6 1  6 2  6 3  64 65 66 67 68 69 6A 6B 6C 60 6E 6F 
96 97  98 99  100 101  102 103 104 105 106 107 108 109 1 1 0  1 1 1  

70 7 1  7 2  7 3  74 75 76 7 7  7 8  79  7A 7B 7C 70 7E 7F 
1 1 2  1 1 3  1 1 4 1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 20 1 2 1  1 2 2  1 23 1 24 1 2 5  1 26 1 2 7  

80 81 8 2  8 3  84 85 86 87 88 89 8A 8B 8C 80 BE 8F 
1 28 1 2 9  1 3 0  1 3 1  1 3 2  1 3 3  1 3 4  1 3 5  1 3 6  1 3 7  1 3 8  1 3 9  1 40 141  1 42 1 43 

90 91 9 2  9 3  9 4  9 5  9 6  9 7  9 8  9 9  9A 9B 9C 90 9E 9F 
1 44 1 45 1 46 1 47 1 48 1 49 1 50 1 51 1 5 2  1 53 1 54 1 55 1 56 1 5 7  1 58 1 59 

AO A1 A2 A3 A4 A5 A6 A7 A8 A9 AA AB AC AD AE AF 
1 60 1 6 1  1 6 2  163 1 64 1 6 5  166 1 6 7  168 169  1 70 1 7 1  1 7 2 1 73 1 74 1 7 5  

BO B1  B 2  B 3  B4 B5 B6 B7 B8 B9 BA BB BC BD BE BF 
1 76 1 7 7  1 78 1 7 9  1 80 181  182  1 83 184  1 8 5  1 8 6  1 8 7  188 189 1 90 1 9 1  

co C1  C2  C3  C4 C5 C6 C7 C8 C9 CA CB cc CD CE CF 
1 9 2  1 93 1 9 4  1 9 5  1 9 6  1 9 7  198 199 200 201 202 203 204 205 206 207 

DO 01 02  03  04  05 06 07 08 09 DA DB DC DD DE DF 
208 209 2 10  21 1 2 1 2  2 13  2 14  2 15  2 16  21 7 2 1 8  2 19  220 221  222  223 

EO E 1  E 2  E 3  E4 E5 E6 E7  E8 E9 EA EB EC ED EE EF 
224  225  226 227  228 229 230 23 1 23 2 233 234 23 5 236  23 7 238 239 

FO F1  F 2  F3 F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF 

240 241 242 243 244 245 246 247 248 249 2 50 251  2 5 2  253 2 54 2 5 5  
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APPENDIX A 

ERROR MESSAGE HANDLING 

Dur ing p rog ram deve l opment  or running your BAS I C  p ro grams , you a re l ik e l y  
t o  enc ount e r  s eve r a l  e r r o r  me s s age s .  E r ro r  me s s a g e s  i n d i c a t e  that  s ome t h ing 
has gone wrong and t h a t  c o r r e c t ive a c t ion  on your  p a r t  i s  needed . Error  
me s sages  a r e  BAS I C ' s  way  o f  t e l l ing you  i t  doe s n o t  unde r s t and wha t  you 
are t e l l ing i t  t o  do . You can ge t an e r r o r  me s sage b e c a u s e  you have not 
fo l l owed the p r op e r  syntax  for a s t a t ement , you have t ri e d  to c a l l a funct ion 
w i t h  an i l l e g a l  a r gumen t  ( such a s  t ry ing t o  ca l l  an a r i t hme t ic func t i on 
wi th  a s t r i ng v a r i ab l e ) , you have f orgo t t en to dime n s i on an a rray you ' re 
t ry ing t o  r e f e r ence  w i t h  a sub s c r ip t , and many o th e r  cond i t i on s . Any e rror  
me s s age you  get  w i l l  have one  of  two f orms : 

? XX ERROR 

or  

? XX ERROR IN YYYYY 

whe re : 

XX i s  one o f  the  e rror  c ode s d e f ined  b e l ow .  

yyyyy i f  inc l u de d , ind i c a t e s  the l ine numb e r  o n  whi ch the  e rror  occurred . 

In  gene ra l , i f  a l ine numb e r  i s  g iven in  the e rr o r  me s sa ge , you shou l d  
s t a r t  c o r r e c t ive  a c t ion b y  examining the l ine t o  d e t e rmine wha t ' s  wrong . 
Unf o r tuna t e l y , t h e  BAS I C  e r ror me s s age s do n o t  imp a r t  much i n f o rmat ion 
about any e rr o r . They me re l y  d e f ine the code f o r  the p rog ram f a i l u r e . 
To h e l p  you  i n  l e a rning t o  und e r s t and and d e a l  wi t h  e r r o r s  in  your  p rograms , 
we ' ve p rovi d e d  f u r t h e r  i n fo rma t i on abou t t he p o s s i b l e  cau s e s  and s ugge s t ed 
c o r re c t ive s t e p s  f o r  a l l  t he BAS I C  e r ror  me s sa ge s .  

?BS  ERROR S ub sc ri p t  o u t  o f  r ange 

A sub s c r i p t  val ue on one of your  a rr a y s  is e i ther  l e s s  than 
z e ro or g r e a t e r  than the  max imum s ub s c r i p t  d e c l ared  w i th 
the  D IM s t a t ement o r  a l l owed by d e f au l t  ( 1 0 ) . Check the 
va l u e s  of  the sub s c r ip t s  r e f e renc e d  in the incor r e c t  l ine . 
Your s ub s c r i p t  c a l cu l a t i on may h ave been done i n c o r re c t l y .  
Or , you  may have d imen s i oned t h e  a r ray imp r op e r ly o r  n o t  
d imens ioned  i t  a t  a l l .  O r , y o u  may have u s e d  the w rong number 
o f  d imens ions  in  the sub s c r i p t  r e f e r ence . 

? CN ERROR -- C an ' t c o n t inue 

The CONT ( c ont inue ) command you j u s t  e n t e r e d  in d i re c t  mode 
cann o t  be p e r f o rme d .  C o r r e c t  any e rr o r s  encountered  w i t h  
p revious  e r ror  me s s age s , t hen RUN t h e  p rog ram aga in .  
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?DD ERROR -- Redimen s i oned array 

An a rray v a r i ab l e  name has  been d e f ined  mo re  than onc e . You 
e i ther  have the  a r r ay var i ab l e  name app e a r i ng i n  more t han 
one DIM s t a t ement , o r  you have a t t emp t e d  re-exe cu t i on o f  a 
DIM s t a t ement t h a t  h a s  a l ready been p e r f orme d .  The l at t e r  
cond i t i on c an be  c avsed  by imprope r b ranch ing back  t o  t h e  beg i n
ning  o f  a p rogram .  Th i s  error  wi l l  a l s o o ccur i f  you p u t  the  
i ni t ia l i z ing D IM s ta t ement ins i de a FOR • • .  NEXT l oop . D IM s ta t e
men t s  shou l d  o n l y  be  entered  once i n  the  f low o f  a p r o g r am ,  
and an a rray s hou l d  b e  d imen s ioned b e fo r e  the  f i r s t  r e f e rence 
t o  the a rray is  made . 

?FC ERROR -- I l legal f unc t ion cal l 

The va l ue o f  the  a rgument ( c a l l ing parame t e r )  f o r  a func t ion 
is incorrect .  For examp l e , you might g e t  t h i s  me s s age i f  you  
t ry to  r e f erence the  - 5 t h  character  i n  a s t r ing . Thi s  e rr o r  
me s s age wi l l a l s o  b e  output i f  t h e  v a l u e s  u s e d  a s  parame t e r s  
i n  v a r i o u s  BAS I C  s t a t emen t s , such a s  PLOT , OUTPUT , COLOR , are  
inadmi s s ab l e .  F o r  examp l e , i f  you t ry t o  a ddre s s  s c reen  c oo r
d i na t e s  t h a t  a r e  o u t s ide  the a l l owab l e  range . P r in t  and check 
the  va l u e s  o f  a l l  var i ab l e s  r e f erenc e d  i n  the  f l agged l ine . 

?ID ERROR -- I l l ega l d irect 

The BAS I C  c ommand you have j u s t  t yp e d  c annot  be p e r f o rme d in 
d i r e c t  mode . I t  c an only  be p e r f o rmed wi thin  a program 
i n  a l ine-numbered  s ta t ement . P e rhap s you f o r g o t  t o  type 
the l ine numbe r  when e n t e r ing the s t a t ement . You ' l l  g e t  
t h i s  e r ro r , f o r  examp l e , i f  y o u  t ry t o  u s e  t h e  DEF s t a t ement 
t o  d e f ine a func t i on i n  d i re c t  mode ; 

?LS ERROR -- S t ring t oo long 

The s t r i ng var i ab l e  j u s t  r e f e renced 
maximum l ength of 2 5 5  charac t e r s ) .  
a s t r ing c onca t enat ion operat ion i s  
inf in i te l oop i 

?MO ERROR -- M i s s ing operand 

i s  t o o  l ong ( exceeds  the  
Check to  make sure  t h a t  
not  be ing d o n e  w i t h i n  an 

The s t a t ement is  mi s s ing an operand . F o r  examp l e , thi s  e rr o r  
wi l l  o c c u r  in  t h e  s t a t ement 30  C = A + whe re 30  C = A+B wa s 
int ended .  Check the  i dent i f i ed  s t a t ement f o r  accuracy . 

?NF ERROR -- NEXT without FOR 

A NEXT s t a t emen t  was  encounte re d  f o r  whi ch there  was  no o r ig in a t ing 
FOR s ta t ement . Check t o  make sure  the  a s s o c i a t e d  FOR s t a t ement 
has not been d e l e te d  acc i dent a l ly or tha t improp e r  b ranch i ng 
i n t o  the  i n s ide  o f  the  FOR . . .  NEXT l oop h a s  not  occurre d .  You ' l l  
a l s o g e t  t h i s  e rror  me s s age i f  the variab l e  s p e c i f i e d  i n  the 
NEXT s ta t ement i s  no t the  s ame as the i t e r a t i o n  v a r i ab l e  in 
the  o r ig in a t ing FOR s ta t ement . 

A-2 



?OD ERROR -- Out o f  data 

A READ s t a t ement i s  be ing a t t emp t e d  f o r  whi c h  no unu s e d  v a l u e s  
i n  DATA s t a t emen t s  are  ava i l ab l e . Check t h a t  the READ s t a t ement 
i s  not be ing done mo re t ime s than de s i re d  and tha t enough 
da t a  h a s  been supp l i ed  in the DATA s t a t ement s .  I f  who l e  p rogram 
l oop ing i s  be ing done and you want t o  r e s t a r t  a t  the beginn ing 
o f  the  DATA l i s t , a RESTORE s t a t ement may have been inadve r t ant l y  
bypa s s e d  o r  omi t t e d . 

?OM ERROR -- Out o f  memory 

The re i s  i n su f f ic i ent memory in y ou r  I n t e r a c t  t o  cont a i n  the 
de s i r e d  program , a r rays , o r  da t a . I f  t h i s  e r r o r  o c c u r r e d  
imme d i a t e l y  a f t e r  you l oaded  BAS I C , y o u  m a y  have f o rgo t t en 
t o  type the NEW c ommand t o  c l e a r  memo ry f o r  entry o f  a new 
program .  I f  you d i d  type NEW , y o u  may have t o  compac t your  
prog ram by removing REM l ine s ,  g roup ing  mu l t ip l e  s t a t ement s 
on s ing l e  l in e s , re duc ing a rray s i z e s , u s ing subrout ine s t o  
r e d u c e  rep e t i t ive s t a t ement s .  S e e  Space  S aving H i n t s i n  chap t e r  
8 f o r  more i n f o rma t i on on how t o  c omp re s s  your  p rogram .  To 
check the amount of ava i l ab l e  memory , type  PRINT FRE ( O) . 

?OS ERROR -- Out o f  s t r ing space 

You have a t t emp t e d  to c re a t e  a s t r ing v a r i ab l e  wh i ch is t o o  
l ong t o  be s t ored  in  the memo ry a l l oc a t e d  f o r  s t r ing s torage . 
Check t o  make sure  no unnec e s s a ry s t r in g s  are  be ing f o rme d , 
i nc r e a s e  the ava i l ab l e  s t r ing space  w i t h  the CLEAR ( s i z e ) s t ate
ment , o r  reuse  s t r ing var i ab l e  name s whe r e  p o s s ib l e .  To  
check  the  amoun t of  ava i l ab l e  s t r ing s p ac e , type PRINT FRE ( "A" ) . 

?OV ERROR -- Ove r f l ow 

The r e s u l t o f  a c a l c u l a t i on was  t o o  l arge  t o  be  rep re s e n t e d  
in  BAS I C ' s  i n t e rna l number  f o rma t . Check t h e  c a l cu l a t i on s  
b e i ng p e r f o rmed t o  ensure  t h a t  they a r e  be ing done c o rrec t l y .  

?RG ERROR -- RETURN wi thout a GOSUB 

A RETURN s t a t ement wa s encountered  b e f o r e  a p revious  GOSUB 
wa s execut e d .  Check tha t your p rogram f l ow i s  c o r r e c t  and 
tha t a GOTO wa s not inadve rtant l y  u s e d  in p l ace  of a GOSUB . 

? SN ERROR -- Syntax e rror 

A s t a t ement has been imp rope r ly f o rmed due t o  a typ ing e r r o r , 
mi s s ing parenthe s i s  in  an expr e s s i on , m i s sp e l l e d  keywo r d , 
m i s s i ng p a r t  o f  a s t a t ement , inva l id p a r ame t e r  on a s t a t ement , 
e tc .  Re type the l ine c o r re c t l y . 

? ST ERROR -- S t ring formu l a  too comp lex  

An exp re s s ion invo l ving s t rings  o r  s t r ing f unc t ions  i s  t o o  
l ong o r  t o o  c omp l e x .  Break t h e  expre s s i on i n t o  two o r  mo re  
sho r t e r  s t a t ement s .  
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?TM ERROR - - Type mi smatch 

The type o f  va r iab l e s  w i th i n  a s t a t ement i s  incon s i s t ent . 
You may have made an a t t emp t t o  s t ore  a nume r i c  r e su l t  i n t o  
a s t r ing v a r i ab l e  o r  v i c e  ve r s a . O r , y o u  may h a v e  omi t t e d  
the $ f rom a s t r ing f unct ion name . Check t h a t  nume r i c  and 
s t r ing v a r i ab l e s  are  not  be ing improper l y  mixed in �he  s t a t ement . 

?UF ERROR - - Undef ined user  func t ion 

Re f e rence wa s made to a u s e r-de f ined f unc t i on tha t h a s  n o t  
been d e f ined  w i t h  the  DEF s ta t ement . Check f o r  a s pe l l ing 
e rror  o r  a mi s s ing o r  unexecu t e d  DEF s t a t emenc . 

?UL ERROR - - Und e f ined l ine number 

The l ine numb e r  r e f e renced in  a GOTO , GOSUB , ON , or IF  . . .  THEN 
s ta t ement does  not  e x i s t . Check to make s u r e  the  l ine d o e s  
ex i s t  in  t h e  p rogram wi th t h e  L I S T  c ommand , o r  check f o r  a 
typ ing e rr o r  i n  t he l ine numb e r  o f  the  f l agged l ine . The l ine 
may have been d e l e t e d  acc ident a l ly . Or , the l ine numb e r  r e f e rence 
may not  have been changed by a renumber ing ope r a t i on i n  EZEDIT  
if  the  r e f e rence wa s not  the f i r s t  l in e  r e f erence  in  a p rogram 
l ine . I f  t h i s  i s  the c a s e , r e t ype the  command i n  BAS I C  o r  
u s e  t h e  EZEDIT SUBSTITUTE command t o  make the  r e q u i r e d  change ( s ) . 

? / 0  ERROR -- Divi s ion by zero 

You h ave a t temp t e d  e i th e r  t o  d i v i de by z e r o  o r  t o  r a i s e  z e r o  
t o  a nega t ive powe r . Check t o  make sure  t h e  c a l cu l a t i o n s  u s e d  
t o  f o rm the  d i v i s o r  a r e  correc t . 

O f  c our s e , we c an ' t 9 0 s s i b l y  i dent i fy a l l  the cond i t i ons  t h a t  c ou l d  p o t en t i a l ly 
cause  an e rro r me s sage . Howev e r , the  i n f o rma t ion in  t h i s  Appendix shou l d  
make i t  e a s i e r  f o r  you  t o  d e t e rmine why a n  e r r o r  occurred  i n  your  p ro gram 
and how t o  c o r r e c t  i t .  
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APPENDIX B 

BASIC RESERVED WORDS 

The k eywo r d s  i n  t h e  f o l l owing l i s t  a r e  cons i de re d  t o  be " r e s e rved" . They 
are  dE f ined  in BAS I C  as having a spec i a l  meaning . N eve r u s e  a BAS I C  r e s e rved 
wo rd  as a var i ab l e  in  your  p rograms , or y ou r  p r og ram w i l l  not execu t e  succe s s
f u l ly .  

ABS FN NOT SGN 
AND FOR NULL S IN 
ASC FRE ON SOUND 
ATN GO SUB OR SPC 
CHR$ GOTO OUTPUT SQR 
CLEAR IF  PEEK STEP 
CLOAD INP PLOT STOP 
CLS INPUT POKE STR$ 
COLOR INSTR$ POS TAB 
CONT INT POT TAN 
cos JOY PRINT THEN 
CSAVE LEFT$ READ TO 
DATA LEN REM TONE 
DEF LET RESTORE USR 
DIM LIST RETURN VAL 
DUMMY LOG REWIND WAIT 
END MID$ RIGHT$ WINDOW 
EXP NEW RND LLIST* 
FIRE NEXT RUN LPRINT* 

and t he a r i t hmet ic operat or s :  

+ , - , * ,  / , > , .t.. , l\ , = 

N o t e  t h a t  no t a l l  the  keywo rds  l i s t ed  above a r e  ac tua l ly u s e d  by o r  
usab l e  in  p ro gramming w i th BAS I C . F o r  examp l e , the  WAIT , INP , a n d  DUMMY 
keywo r d s  have no f unc t i o n  w i th in BAS I C .  At temp t ing t o  u s e  DUMMY , f o r  examp l e ,  
can c a u s e  s e r i o u s  d amage t o  your  p rog ram execu t i on . Howeve r ,  t h e s e  wo r d s  
are  s t i l l  c on s i de r e d  " r e s e rved"  b y  BAS I C  a n d  s h ou l d  not  be  u s e d  a s  var i a b l e  
name s . 

* RS 2 3 2  BAS I C  r e s e rved  wo r d s , not  app l i cab l e  t o  M i c ro s o f t  8K o r  Leve l II  
BAS I C .  
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APPENDIX C 

SUGGESTED PROGRAMMING REFERENCES 

The r e  a re l i t e ra l l y d o z ens  o f  books , manua l s , and l ea rn i ng package s de s i gned 
to  t each  you about BAS I C . I f  you need  more h e l p  than t h i s  manua l p rovide s , 
we sugge s t  you v i s i t  your  l oc a l  compu t e r  book s to r e  and review t h e  se l e c t ion . 
Try t o  f ind r e f e rence  mat e r i a l s  that  are  approp r i a t e  t o  your  l ev e l  o f  p rogramming 
expe r t i s e . A l s o  l ook f o r  t h o s e  wh ich are  d i re c t e d  t owar d  t he imp l ement a t ion 
o f  app l i c a t i on s  t h a t  are of  i n t e re s t  to  you . 

Here are  s ev e r a l  r e f e rence s  we th ink a re wo r t hwh i l e  f o r  l ea rn ing t o  t a lk 
BAS I C  t o  y o u r  I n t e r ac t : 

Forsyt h , R ichard , The BAS I C  I d e a  -- An I n t roduc t i on t o  Compu t e r  P r ogramming . 
J ohn W i l ey & S ons , New York , 1 9 7 8 . A s y s t emi z e d  ove r v i ew o f  t h e  BAS I C  
l anguage  w i t h  nume rous  app l i c a t i ons  and e x t en s i o n s . 

M i c ro V i d e o  C o rpo r a t ion , BOMBS AWAY ! P rogr amming Tu t or i a l . Ann Arb o r , 
MI , 1 9 80 . An exc e l l en t  examp l e  o f  comb ined BAS I C  and machine l anguage 
p rogramming . We l l -document e d , w i th exe rc i s e s  f o r  t he a dvanced  BAS I C  
p rogr amme r . 

Micro  V id e o  Corpora t i o n , Guide  t o  ROM Subrou t ine s .  Ann Arbor , MI , 1 980 . 
Document s  mo r e  t han 1 8  sub r o u t i n e s  i n  t h e  I n t e ract  sy s t em ROM t h a t  
i n t erme d i a t e  t o  a dvance d  p rogramme r s  c an i nvoke i n  BASI C  t h r ough USR 
ca  1 1  s .  

Ro s s ,  D av i d  L . , "The C rowd S toppe r " , C r e a t ive  Compu t ing , J anuary , 1 98 1 . 
A d e s c r i p t i on o f  v i s u a l  a n ima t i on c oncep t s  deve l op e d  and ma rk e t e d  
b y  M i c r o  V i d e o  on the  I n t e r a c t  compu t e r . 

Texas I n s trumen t s ,  C a l c u l a t o r  Ana lys i s  f o r  Bus ine s s  and F inanc e . Da l l a s , 
TX , 1 9 7 7 . An exce l l ent  h andbook f o r  f o rmu l a s  and me t h o d s  f o r  s o l ving 
bus ine s s  p rob l ems t h a t  c an b e  imp l ement e d  i n  BAS IC  p rog rams f o r  t he 
I n t e r a c t .  

Wa i t e  and P ardee , BAS I C  P r imer . Howar d  W .  S ams & C o . , I nd i anapo l i s ,  IN , 
An e x c e l l e n t , l ight-hear t e d  introduct i on t o  BAS I C  p ro g ramming f o r  
t h e  b e g inne r .  The authors  were f o rme r l y  w i t h  M i c ro s o f t  and t he d e s
c r ip t i o n s  o f  s evera l f ea tu r e s  i n  the  book ma t ch exac t l y  w i t h  Micro s o f t  
8K F a s t  Grap h i c s  BASI C  f ea t ur e s  on your I n t e r ac t .  
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APPENDIX D 

MATHEMATICAL FUNCTIONS 

The f o l l owing f unc t ions  a r e  out s ide the range o f  BAS I C ' s  i n t r ins ic  func t ion s . 
However , you  can  u s e  t h e  DEF s t a t ement and ex i s t ing b u i l t - in f unc t i ons 
t o  u s e  t h e s e  c a l c u l a t ions  in  your  programs . 

FUNCTION 

SECANT 

COSECANT 

COTANGENT 

INVERSE S INE 

INVERSE COSINE 

INVERSE SECANT 

INVERSE COSECANT 

INVERSE COTANGENT 

HYPERBOLIC S INE 

HYPERBOLIC COSINE 

HYPERBOLIC TANGENT 

HYPERBOLIC  SECANT 

HYPERBOLI C  COTANGENT 

INVERSE HYPERBOLIC  SINE 

INVERSE HYPERBOLIC COSINE 

INVERSE HYPERBOLI C  TANGENT 

INVERSE HYPERBOLIC SECANT 

INVERSE HYPERBOLIC COSECANT 

INVERSE HYPERBOLIC 
COTANGENT 

A MOD B 

TO DEFINE IN BASIC USING DEF 

FNSEC ( X )  = 1 /COS ( X )  

FNCSC (X)  = 1 / SIN ( X )  

FNCOT (X)  = 1 /TAN ( X )  

FNARCSIN ( X )  = ATN ( X / SQR( -X*X+1 ) )  

FNARCCO S ( X )  = -ATN ( X /SQR ( -X*X+ 1 ) +1 . 5708 

FNARCSEC ( X ) =ATN ( SQR( X*X-1 ) ) + ( SGN ( X ) -1 ) *1 . 5708 

FNARCCSC ( X ) =ATN ( 1 / SQR( X*X-1 ) ) + ( SGN ( X ) -1 ) 
*1 . 5708 

FNARCCOT ( X )  = ATN ( X )  + 1 . 5708 

FNS INH ( X )  = ( EXP ( X ) -EXP ( -X ) ) / 2  

FNCOSH( X )  = ( EXP ( X )  + EXP ( -X) / 2  

FNTANH( X )  = EXP ( -X ) / ( EXP ( X ) +EXP ( -X ) *2+1  

FNSECH ( X )  = 2 / ( EXP ( X ) +EXP ( -X ) ) 

FNCOTH( X )  = EXP ( -X ) / ( EXP ( X ) -EXP ( -X ) )*2+1  

FNARCSINH ( X )  = LOG ( X+SQR( X*X+1 ) )  

FNARCCOSH ( X )  = LOG ( X+SQR( X*X-1 ) )  

FNARCTANH( X )  = LOG ( ( 1 +X ) / ( 1 -X ) ) / 2  

FNARCSECH ( X )  = LOG ( ( SQR( -X*X+ 1 ) +1 ) /X )  

FNARCCSCH ( X ) =LOG ( ( SGN( X ) *SQR( X*X+ 1 ) + 1 ) /X 

FNARCCOTH ( X )  = LOG ( ( X+1 ) / ( X-1 ) ) / 2 

FNMOD ( X )  = A-B*INT ( A/ B )  
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