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Foreword 

The i ntrod u ct ion of the App le  I I  com pute r marked a revo l ut ion  i n  com
puters .  Fo r the fi rst t ime there was a fu l ly fu nct iona l  com p ut i ng mac h i ne 
ava i lab le  wh ich  was pr iced affo rdab ly  fo r home u sers .  I n  add it ion  to its 
powerfu l data p rocess i ng capabi l i t ies ,  APPLESOFT had the fi rst set of 
BAS IC  extens ions  wh i ch  a l l owed the programmer  t rue power and conven
ience when work i ng with graph ics .  The s ix-co lo r  h igh  reso l ut ion  mode 
with the HCOLOR and HPLOT com mands  were "state of the  a rt, " and  the 
S HAPE construct and assoc i ated DRAW, XDRAW, SCALE ,  and  ROTate 
fu n ct ions  were ahead of the i r t ime .  

When I acq u i red my fi rst App le, the Low-Res "L itt le  B r i ck  Out" was 
cons idered a ve ry good game, and  Bob B i s hop's  "App lev i s ion"  demo was, 
and sti l l  i s ,  awe-insp i r i ng .  But with l i te ra l ly m i l l i ons  of peop le  see i ng  and  
us i n g  the App le ,  advances i n  sty le  and  tec h n iq u e  came rap id ly as  p rogram
mers and " hac ke rs" accepted and su rmou nted one  cha l l enge afte r an
othe r  in  the i r attem pt to "do it  bette r ."  

The  manua l s  state that on ly s ix  co lors a re ava i l ab le  on  the High-Res 
sc reen ,  but S ie r ra On-L i ne  soon deve loped ove r 1 00 co lors .  I t  was not 
s u pposed to be poss ib l e  to put text on  the H igh-Res sc reen ,  but do i ng  so i s  
now com monp lace. The power, i ngen u ity, and pers i stence o f  the  h u man 
m i nd has extended the capab i l i t ies of  the App le  fu rther  than  anyone had 
i magi ned poss ib l e .  L i ke most of the cu rrent software com pa n i es,  S ie rra 
On-L i ne  was bo rn i n  long  and  so l itary hou rs of deve lop i ng  newer, faste r, 
and  bette r methods of p roduc i ng graph ics on the App le .  I n  wr it i ng  t h i s  
book, i t  i s  my hope to i nt rod uce you  to  those advanced tec h n iq u es such  as 
Byte-Move, a n i m at ion ,  and  co l l i s i on  detect ion ,  as we l l  as the standard 
App le  graph ics .  

With the  a id  of  my co-authors ,  who are profess iona l  teache rs in  add it ion  
to  be i ng experts i n  the  fie ld  of  home com puters, I h ave tr ied to  present 
those ideas in a man ner  wh i ch  i s  c lear and u nderstandab le ,  and wh i ch  
re l i es on ly  on a knowledge o f  BAS IC .  I hope you  fi nd  t h i s  book e njoyab le  
to  read as we l l  as u sefu l i n  you r  own p rogram deve lopment .  

Ken Wi l l i ams  

The author and publisher o f  this book have used their best efforts in 
preparing this book and the programs contained in it. These efforts 
include the development, research, and testing of the theories and pro
grams to determine their effectiveness. The author and publisher make 
no warranty of any kind, expressed or implied, with regard to these pro
grams or the documentation contained in this book. The author and 
publisher shall not be liable in any event for incidental or consequential 
damages m connection with, or arising out of, the furnishing, perfor
mance, or use of these programs. 

iv 
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Introduction 

The l evel  of graph ics  for the App le  I I  has r i sen cons iderab ly  s i nce the  ear ly 
days when L i tt le  B r i ck  Out was cons idered a major  acco m p l i shment .  The 
i nd u stry standards  now v i rtua l l y  req u i re that good graph ics  be m u lt i 
co lored and  h igh reso l ut ion,  and  that the a n i m at ion  be smooth, c lea n, and 
fast, and  co l l i s i on  detect ion  q u i ck  and  accu rate . 

I f  you a re at a l l  fam i l i a r  with the remarkab le  g raph ics  effects o n  the  
market today, you have p robab ly become c u r io u s  about  the m ethods used 
to generate them . Th i s  text wi l l  deta i l  those aspects of App le  I I  g raph ics  
w h i c h  a re c u rrent ly  in  com mon u se; part i cu la r ly  with rega rd to H i -Res, 
Low-Res, and  Text Mode graph ics, co lor  generat ion, a n i mat ion, and  col l i 
s i on  detect io n .  A l l  s u bjects a re p resented fo r u se by the  APPLESOFT pro
g rammer, but have extens ions  fo r the assem bly and mac h i n e  l anguage 
p rogram mers .  

I n  u s i n g  t h i s  text, i t  i s  necessa ry to  have the fo l lowi ng  eq u i pment handy 
and  ready to u se :  

App le  11, App le  I I + ,  o r  App le  l i e com puter 

Co lo r  Mon ito r  o r  TV 

One  o r  more d i s k  d r i ves and  d i sks 
o r  

A tape recorder  and  tapes 

Lots of paper 

A p ri nte r i s  he lpfu l fo r g raph ics, but not necessary. 

Th i s  book is not written for the begi n n i ng BAS I C  p rogrammer; it i s  n eces
sary that the user  of t h i s  book have some know ledge of BAS I C  p rogram-

1 



2 APPLE I I  COM PUTE R G RA P H I CS 

m i ng .  The u ser  shou ld  be fam i l i a r  with the fo l lowi ng com mands :  G R, 
COLOR, PLOT, H L I N, VL I N ,  SCRN,  HG R, H G R2 ,  HCOLO R, H PLOT, 
D RAW, and XDRAW. If you a re u nfam i l i a r  with APPLESOFT BAS IC  o r  
these com mands,  p lease review the APPLESOFT Reference Manual befo re 
conti n u i ng .  

Before sta rt i ng  our  jou rney i nto the wor ld  of g raph i cs,  it i s  prudent to 
a rm o u rse lves with some re lat ive ly tec h n ica l ,  often frustrat i ng, but q u ite 
essent ia l  materia l . We assume you have a rud i menta ry knowledge of 
APPLESOFT BAS I C  and you r  App le  11 system .  So, l et us begi n with a 
d i scuss ion of the b i na ry, dec ima l ,  and hexadec ima l  systems  of n u merat ion .  

The  t i me has  come, t he  wa l ru s  sa id 
To speak of many th i ngs .  
Of b i ts  and bytes and  peeks and pokes . . .  
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Computer Physiology 

Objectives 
After read i ng Chapter 2 you shou ld  be ab le  to : 

• Convert b ina ry n u m bers to hexadec ima l  n u m bers and  back .  

• Convert hexadec ima l  to  dec i m a l .  

• U nderstand t h e  idea o f  memory add ress i ng .  

• U se the post offi ce box model  for com p uter memory .  

Most begi n n i ng p rogrammers work exc l u s ive ly w i th  the software p ha,ses 
of com put i ng, and a re content to l eave the concern for such  th i n gs as 
c i rcu itry, memory a l locat ion ,  and v ideo d i sp lay to com puter  engi neers .  But  
when one t r ies  to work with  m ic rocom p uter graph ics us ing o n ly the con
structs and  com mands  ava i lab le  to BAS IC  o r  other  h igh- leve l l anguages, he 
o r  she fi nds  the go i n g  s low and awkward . To effective ly  uti l ize the graph
ics  capab i l i t ies of you r  mac h i ne,  you need at l east a rud i menta ry concep
tua l  u ndersta nd i ng of what i s  happe n i n g  with i n  the beast . 

To gai n that necessary u nderstand i ng, you wi l l  need a work ing  knowl
edge of the b i na ry, dec ima l ,  and hexadec ima l  system s  of n u meration . 
Decimal i s  the com mon base ten system wh ich  you o rd i nar i l y  u se, binary 
i s  the base two system wh ich  you r  com p uter u ses, and  hexadecimal, or  
hex, i s  t he  base s ixteen system wh ich  i s  a u sefu l com pro m i se se rvi ng as t he  
system of  com m u n icat ion between  you  and  ybu r com p uter .  

Although you r  com puter i s  capab le  of "speak i ng" BAS I C  and perhaps 
other  l anguages, good graph ics effects often req u i re you to dea l  d i rect ly  
with  system memory and  u se some mac h i ne leve l rout i nes .  Worki ng at  the 

3 



4 APPLE I I  COM PUTE R G RAPH ICS 

mac h i ne' s  l evel means learn i ng someth i n g  about how the com puter stores 
and p rocesses data . 

Digressing to Digital 

A l l  of today' s m ic rocomputers u se two-state d igita l c i rcu itry .  I n  re l at ion to 
com puters, d i gital c i rcu itry means,  i n  ve ry loose te rms,  that a l l  i nfo rmat ion 
i s  rep resented with i n  the com puter as a d i screet state of  a c i rc u it- usua l l y  
e i ther off o r  on . The power l i ght on you r  App le  i s  a good exam ple ;  t he  
l ight i s  e i ther off o r  on ,  and by  looki ng a t  the l ight, you can  i nfe r the state 
of you r  mac h i ne .  

There a re ana log com puters whose bas i s  fo r p rocess i n g  i s  not the pres
ence or  absence of voltage, but i n stead the amount  of vo ltage p resent i n  a 
c i rcu it .  However, it is operationa l l y  m uch eas ier  to test fo r the p resence or  
absence of  voltage in  a c i rc u it than it  i s  to  determ i ne the prec i se amou nt of 
vo ltage . You can i magi ne the com p lexity and  accu racy req u i red of a com
pute r c i rc u it to correct ly  and re l i ab ly  represent a n u m ber  such as 36, 74 1  
by ana lyz i ng  on ly  t h e  amou nt of t h e  vo ltage . For that reason t h e  memory 
of you r  com puter i s  d igita l ,  and cons i sts of thousands of two-state m ic roci r
cu its, where eac h c i rc u it can be set e i ther  on or off. S i nce each c i rc u it 
mai ntai ns  o r  " remem bers" the on or  off state to wh ich  it was set, these 
c i rcu its can be u sed to sto re a l l  of the i nfo rmation  wh ich  the mac h i ne is 
supposed to remember .  

RAM and ROM 

You r App le I I  has two types of memory :  RAM and  ROM . ROM stands  fo r 
Read Only Memory .  The i nformat ion conta i ned i n  ROM i s  essent ia l ly  per
manent and  u na lte rab le .  You may read the i nformatio n  from ROM, but 
you can not write to it o r  change it in any way (that i s  why it i s  te rmed 
"Read O n ly" ) .  You r  vers ion of BAS I C  i s  stored in ROM, as a re most of the 
other  i n st ruct ions wh ich  make you r system operate . That i s  what makes 
the App le I I  " i nte l l ige nt" s i nce its operati ng system i s  "on boa rd" or 
" ROM res ident ."  

RAM is  short for Random Access Memory; RAM i s  the worki ng memory 
for you r  App le .  Whether  you a re writ i ng, ed it i ng, o r  ru n n i ng a p rogram ,  
that p rogram res ides i n  RAM, a s  do a l l  o f  the var iab les and other  data you 
u se .  RAM i s  of great i nte rest in graph ics because the v ideo output i s  s im p ly  
disp lay i ng data from a secton of  the RAM . The u se of  graph ics then  be
comes most ly  a matter of putti ng the correct data i nto the p rope r p l ace i n  
memory.  

To make it eas ie r  to v i sua l ize, memory with i n  the com puter may be 
thought of as a g reat many switches, each of--,wh ich  i s  e i ther  on o r  off at 
any given t ime .  Those memory switches a re com mon ly  ca l led "bits ," and  
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ONE BIT 

� 
TWO CHOICES 

21 

TWO BITS 
FIRST BIT SECOND BIT 

ON ON 
ON OFF 

OFF ON 
OFF OFF 

FOUR CHOICES 
22 

THREE BITS 
FIRST BIT SECOND BIT THIRD BIT 

ON 

ON 

ON 
ON 

OFF 

OFF 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

EIGHT CHOICES 
23 

ON 

OFF 

ON 

OFF 
ON 

OFF 

ON 

OFF 

Figure 2-1 . Bit combinations. 

once each RAM bit is set on or off, it rema i n s  i n  that state u nti l a ltered by a 
com mand ,  or  u nti l the com puter i s  tu rned off. (At wh ich  t i m e  the va l u es i n  
RAM are lost . )  A l l of the com pute r' s i m pressive capab i l it ies re ly  o n  the 
lowly b it .  One bit i s  q u ite a long way from mak i ng a com puter, just as one 
gra i n of  sand i s  a long way from be i n g  a beac h .  A b i t ,  l i ke a gra i n  of  sand ,  
has l itt le  mea n i ng i nd iv idua l ly, but when grou ped wi th  thousands of  othe r  
bits, together  they are ab le  to  take on mean i ng and  fo rm . 

· 

Making It Happen with Ones and Zeros 

As stated ea r l i e r, each bit wi l l  take on  on l y  one  of two states, on or  off. I n  
o rder  to fac i l itate d i scuss ion ,  if a bit i s  on ,  it i s  sa id to h ave a va l u e  of 1 ;  a 
bit wh i ch  i s  off has a va l u e  of 0. S i nce each bit may on l y  be 1 o r  0, each bit 
conveys a ve ry l i m ited amou nt of i nformatio n .  In the examp le  of you r  
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com puter 's  power l ight, you know on ly that the power i s  on o r  off, and 
noth i ng more .  Two bits i n  a g ro u p  com bi ne i n  one of  fou r  (22) com bi n a
t ions :  (/)(/), <IJ 1 , 1 <IJ, and  1 1 .  ( 1  (/) and 1 1  a re i nte rpreted as one-zero and  one
one,  respect ive ly, not as ten and e leven . )  U s i ng the com puter' s power l ight 
together  with the " i n  u se" l i ght of the d isk d rive can i l l u strate how two 
d igita l c i rcu its can convey fou r  p ieces of i nformatio n :  If both l ights a re off, 
ne ither  u n it i s  operati ng .  If the power l ight is on and  the d i s k  l ight i s  off, 
the com pute r  is o n  but not the d i s k  d rive. If the power l ight i s  off but the 
d i sk l i ght i s  on ,  the d isk i s  operati ng but not the com puter ! ? ! ! ?  (ti me  to ca l l  
the repai rma n ) .  I f  both l ights happen to be on ,  then both u n its a re operat
i ng .  S i m i l a r ly,  a g roup  of th ree bits a l l ows for e ight (23) com bi nations, and 
a gro u p  of  fou r  bits a l l ows for s ixteen (24) . The n u m ber  of  poss ib le  comb i 
nations  conti n ues to  i nc rease exponenti a l ly  as does the n u m ber  of  bits 
u sed . F igu re 2 - 1  i l l u strates the poss i b le  combi nations  for one,  two, and  
th ree bits .  

Bits in a Bag 

You r com pute r conta i n s  h u n d reds of thousands of bits . As we h ave seen ,  
however, they m u st be  grou ped together  i n  order to  convey any s ign ificant 
i nformatio n .  Most m ic rocomputers, i nc l u d i ng you r  Apple ,  grou p e ight bits 
i nto a u n it ca l led a "byte ."  A byte is the fu ndamenta l u n it of memory .  The 
s ize of memory i s  u sua l l y  d i scu ssed in  te rms of k i l obytes ( " K" for 1 ,<IJ<IJ<IJ) , 
o r  megabytes ("M" or Meg, for 1 ,<IJ<IJ<IJ,<IJ(/J(/J) . 

A s i ng le e ight-bit byte can rep resent any one of 256 poss ib le  va l ues (28 
= 256). H avi ng 256 com bi nations  works out conven ient ly to a l l ow any 
l ette r o r  d igit be ass igned to one of  those 256 com bi n ations  and repre
sented by it; the com pute r stores the characte r by stori ng the n u mer ic  
code .  I f  bits were o n ly grou ped s ix  at  a t i me, for examp le, you wou ld on l y  
be  ab le  to  form 64 (26) d i st i nct com bi nat ions .  H owever, the  com puter 
needs to have more than 64 d i st i nct bit patte rns  ava i l ab le  in o rder  to 
u n iq u e ly represent each of the req u i red characters, i n c l u d i ng a l l  the keys 
on the com pute r keyboa rd - both u pper and lower case, the spec ia l  cha r
acte rs such as & and  *, and the contro l  codes such  as CTRL-C . 

When you p ress a key, the com puter actua l ly rece ives an  e ight bit pat
te rn ;  when you p ress "A" you r  App le  sees the patte rn 1 1  (/)(/)(/)(/)(/) 1 , and  
when you  p ress the "*" key, the com puter sees 1 <IJ1 (/J 1 (/J 1 <1J. Each character 
has its own u n ique  bit patte rn . After you p ress a key, the com puter stores 
that parti cu l a r  bit patte rn i n  a byte of memory .  But  now that the i nfo rma
t ion i s  stored , the com puter has to be ab le  to locate it when it i s  needed , 
wh ich  leads u s  to . . . .  

Addressing 

Each byte i n  the App le 's  memory i s  n u m bered seq uent ia l ly, and  that n u m-
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ber i s  ca l led the "add ress" of that byte . A memory add ress i s  m uch l i ke the 
n u m be r  on  a post office box- one can determ i ne what i s  in  any byte of 
memory by go i ng to the box with the p roper add ress and  looki ng i n s ide .  
The n u m ber  of  boxes ava i lab le  depends u pon  two th i ngs :  The n u m ber  of 
boxes i n sta l l ed (memory s ize) , and  the m ax i m u m  n u m ber  of d igits ava i la
ble in the add ress .  I f  you were l i m ited to u se on l y  th ree dec ima l  d igits i n  
a n  add ress, there wou ld be a maxi m u m  of H'P (HM'l©) boxes - add ressed 
©©© th rough 999. The p rocesso r with i n  the App le  a l l ows for two bytes 
(s ixteen  bits) i n  the add ress of any locat ion i n  memory, and  that p rov ides a 
maxi m u m  of 216 add resses. If you have wondered why you can u se a 
maxi m u m  of 64K bytes of memory with i n  a n  App le  I I ,  cons ider  that each 
memory locat ion has to have an  add ress, and that 216, u s i ng  a l itt l e  
a rith met ic  and a good ca lc u l ator, eq ua l s  65 ,536 -the true m axi m u m  for 
the n u m ber  of bytes the 65©2 p rocessor can add ress .  Many l a rger com
puters u se th ree o r  more bytes for add ress i ng; a th ree-byte add ress con
tai ns  24 bits ,  so by a l lowi ng th ree bytes in the add resses, a computer can 
add ress 224 memory locations :  ove r S I XTEEN M I LL ION bytes of memory!  

Binary Blindness 

You r com pute r is ve ry happy to work i n  b i na ry .  The ear ly mac h i nes d id so 
exc l us ive ly,  but most peop le  fi nd it t ryi ng- looki ng at b i na ry n u m be rs a l l  
day makes you r  eyes c ross ! To demonstrate, com pare t h e  two co l u m ns of 
b ina ry n u m bers be low, and try to dete rm i ne where they d iffe r .  

1 ©© 1 © 1 1 1  1 ©© 1 © 1 1 1  

© 1 1Zl1 1Zl1 1 ©  Ill 1 Ill 1 Ill 1 1  Ill 

llllllllll©lllllll lllllllll 1 lllllll Ill 

1 1 0 1 1 © 1 © 1 1 © 1 1 1Zl1 1Zl  

llllll 1 llllll 1 1 1  lllllll llllll 1 1 1  

1 1 1  Ill 1 1  llllll 1 1 1 llllll 1 llllll 

Ill 1 lllllllllllllll 1 Ill 1 lllllllllllllll 1 

1 1 1 1 1Zl1 1Zllll 1 1 1 1 1Zl1 ©1Zl 

I s  it any wonder  that there were ve ry few programmers i n  the days when 
com puters spoke on ly  b ina ry? 

Hex ta the Rescue 

The hexadec ima l  or  hex system of n u merat ion ,  base s ixteen ,  s upp l ies a 
we lcome so l ut ion  to the prob lem of "b i na ry b l i n d ness . "  H ex i s  advanta
geous  because it p rovides a conven ient way to tu rn the bi na ry ones and  
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zeros i nto someth i ng more eas i l y  com m u n icated to the h u man  bra i n ,  so 
most modern com puters l i ke to speak to peop le u s i ng  hex.  

H exadec ima l ,  wh ich  u ses s ixteen d ig its, i s  u sed to rep resent the 256 
d iffe rent combi nat ions  ava i lab le  with an  e ight-bit byte . I t  i s  conceivable to 
represent the va l u e  of a byte us i ng a s i ng le  base 256 d ig it; however, most 
peop le  wou ld fi nd  it ve ry d iffic u lt to reme m ber  256 d iffe rent d i g its . There,:: 
fore, i n  the i nte rest of s i m p l i c ity, i nstead of one base 256  d ig it representi ng 
the va l ue  of  a byte, two hex d i g its a re u sed . Why not u se dec ima l  wh ich i s  ,.. 
s imp le r  yet? Do not forget that we a re dea l i n g  with a g ro u p  of bits .  The ten 
dec ima l  d igits a re too many to represent th ree b its and  too few for fou r  
bits, a s  th ree bits make for e ight com b inat ions ,  and fou r  bits make for 
s ixteen .  The fact that s ixteen com bi nat ions  a re ava i l ab le  to fou r  bits, and 
that hexadec ima l  u ses exact ly  s ixteen d igits, i s  very i m portant .  Th i s  i s  the 
reason that many p rogrammers cou nt l i ke they have s ixteen fi ngers ! 

BIT BIT BIT BIT 
1 2 3 4 

OFF OFF OFF OFF 

OFF OFF OFF ON 

OFF OFF ON OFF 

OFF OFF ON ON 

OFF ON OFF OFF 

OFF ON OFF ON 

OFF ON ON OFF 

OFF ON ON ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

OFF OFF OFF 

OFF OFF ON 

OFF ON 

OFF ON 

OFF 

ON 

ON OFF OFF 

ON OFF ON 

ON ON OFF 

ON ON ON 

HEXADECIMAL BINARY 

0 0 0 o I o 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 

6 0 1 1 0 

7 0 1 1 1 

8 I 1 0 0 0 

9 1 0 0 1 

A 1 0 1 o I 
B 1 0 1 1 

c 1 1 0 0 

D I 1 1 0 1 

E I 1 1 1 0 

F ! 1 1 1 I 1 

Figure 2-2. A binary/hex chart. 

DECIMAL 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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The next p rob lem i s  to represent each of the 256 d iffe rent va l ues fo r one 
byte us ing on ly  the s ixteen hex d igits -the standard (/) t h rough 9, p l u s  the 
lette rs A, B ,  C, D, E, and  F; where A stands  fo r ten ,  B for e leven ,  and so 
forth th rough F wh ich  stands for fifteen .  

One byte i s  rep resented by two hex d igits; each d i git  represents fou r  of 
the e ight bits i n  that byte . As modern com pute r w h i m sy wou ld d ictate, 
each of the two ha l f-bytes is ca l led a n i bb le  (someti mes nybb le) . A b i nary 
n i bb le  corresponds  to a hex d igit as shown i n  F igu re 2-2 . 

Suppose that you were looki ng at a byte with a l l  e ight bits tu rned on . 
Separated i nto the two n i bb les, it wou ld look l i ke 1 1 1 1  1 1 1 1  and wou ld  
correspond  to hexadec ima l  FF,  s i nce eac h n i bb le  ( 1 1 1 1 ) corresponds  to F .  
The b i na ry byte 1 <!J1 '1J  (/)(/)(/)(/) i s  hex A<!J, and  b ina ry (/) 1 1 1  1 1 (/J<!J i s  hex 7C . 
(See F igu re 2-3 . )  

Tryi ng to  remember  wh ich  b i na ry n u m ber  goes w i th  wh ich  hex n u m ber 
can make you r  head h u rt, so you m ight want to make you r  own cha rt l i ke 
the one i n  F igu re 2-2 and leave it i n  a handy p lace as an  a id i n  conve rt ing  
between hex and  b i na ry .  

S i nce it i s  not a lways c lear  whether  a n u mera l  such  as 1 (/) i s  i n  hex, 
dec ima l ,  o r  even b i na ry, it i s  convent iona l  to write a hexadec ima l  n u mera l 
with a do l l a r  s ign ($) i n  front, such  as $FF .  B i nary n u mera l s  a re preceded 
by exc lamat ion poi nts ( ! ) ,  and dec ima l  n u mera l s  a re left a lone .  

Can11ersian ta Decimal 

When dea l i ng d i rect ly with the memory of you r m ac h i ne ,  it i s  u sua l l y  best 
not to convert to deci m a l .  Th i n ki n g  i n  hex is often more effi c ient s i nce it i s  

F F 

A 

7 c 

1 0' 1 1 1 1 1 1 1 1 1 1 � 1 � 1 
Figure 2-3. Binary/hex examples. 
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the system you r  App le  u nderstands .  There a re, however, a few i n stances 
where you m u st convert hex to dec ima l ,  such  as for u se in an APPLESOFT 
POKE or  CALL  statement .  When you do have to perform the convers ion  
you m ay u se the fo l lowi ng a lgo rith m :  

Read i ng  the hex n u m ber  from r ight to l eft, the dec ima l  va l u e  of the 
ent i re n u m ber  i s  fou nd by taki ng the dec ima l  va l u e  of  the fi rst hex d ig it 
( n i bb le) ,  p l u s  1 6  t i mes the dec ima l  va l u e  of the second d igit, p l u s  256  
( 1 62) t i mes the  dec ima l  va l u e  of  the th i rd d igit, p l u s  4096 ( 1 63) t imes the  
dec ima l  va l ue  of  the fou rth  d igit, and so on .  

Example 1 

$Clll5 7  = 7 + 1 6 * 5  + 256*©  + 4096 * 1 1 

= 7 + Bill + Ill + 45056 

= 45 1 43 

Example 2 

$ 1 0 = © + 1 * 1 6  
= 1 6  

Microcomputers ra re ly dea l  i nte rna l ly  with n u m bers havi ng more than fou r  
hex d igits, but the a lgor ith m does carry o n  if necessary. I f  you convert the 
la rgest poss ib le  two byte hex n u m ber, $FFFF, to dec i m a l  you shou ld  get 
65, 536 .  S i nce you r mic ro uses two byte add resses, you can aga i n  see why 
that n u m ber  i s  the l a rgest in  the App le's wor ld . 

A l though convers ion  methods have been d i scu ssed o n ly br iefly, the p re
ced i ng d i scu ss ion is suffic ient to se rve ou r pu rposes fo r now. Append ix  1 
conta i ns  a more thorough treatment of hexadec ima l ,  dec i ma l ,  and  b i na ry 
n u m ber  systems .  There a re a l so a n u m ber  of ca lcu lato rs p resent ly on the 
market which a re des igned fo r com p uter p rogra m m e rs;  they have fu nc
t ions to do a l l  of the convers ions  fo r you at the p ress of a butto n .  

Vocabulary 

Add ress 

B i nary 

B i t  

Byte 

Dec ima l  

H ex 

Hexadec ima l  

Memory 

N i bb le  

RAM 

ROM 

ROM Res ident 



Exercises 
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1 .  Convert the fo l lowi ng b ina ry n u m bers to hex :  

a .  ! 1 © 1 1 © 1 ©© 

b. ! © 1  © 1  1 1 1 1  

c .  ! © 1  © 1  © 1 1 ©  

2 .  Convert the fo l lowi ng to b i na ry :  

a .  $7C 

b. $ F F  

c. $AS 

d. $ D B  

3 .  Convert t h e  fo l lowi ng t o  deci m a l :  

a .  $7C e .  $7CFF  

b .  $FF  f .  $DBAS 

c. $AS g .  ! 1 © 1 1 ©©©© ( H i nt :  convert to 

d .  $ D B  h .  !© 1 1 1 © 1 © 1  hex fi rst . )  

4 .  Convert $3F  and $S7  to b i na ry and to dec ima l  n u mera l s .  

S .  Conve rt ! 1 ©© 1 © 1 1 © and !© 1 1 1  1 © 1 1 to  hexadec i m a l .  



• 
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System Monitor
Memory Tricks 

Objectives 
After read i n g  Chapte r 3 you shou ld  be ab le  to : 

• E nte r and  leave the Mon itor .  

• Exa m i n e  RAM and ROM . 

• Change the contents of RAM . 

• Move b locks of memory.  

• U se a memory map to locate rese rved and free memory .  

I n  essence, you r com puter i s  s i m p ly  a p i le  of  very fancy c i rcu itry,  and 
those c i rc u its a re des igned to respond to a certa i n  set of  very, ve ry rud i 
mentary i n st ructions .  A l though BAS I C  wi l l  respond to h igh  leve l com
mands  such  as N EW and PR I NT, those a re com mands  of  you r  l anguage, 
and  not you r  processo r .  I t  i s  the fu nct ion of the BAS IC  i nte rpreter to 
t rans l ate those statements down to the e lementa ry ones and  zeros that 
you r  p rocessor req u i res to ope rate; the mac h i ne takes ove r from there .  
The capabi l i t ies o f  BAS IC  a re good a s  fa r a s  they go, bu t  there a re app l ica
t ions  to graph ics wh ich  req u i re that the p rogrammer  deal  d i rect ly  with 
memory .  

Memory i s  where everyth i ng happens ,  and  though you can reach mem
ory us ing BAS IC ' s  PEEK  and POKE statements, there i s  a faste r, more 
powerfu l ,  and  someti mes more conven ient method . S u pp l ied i n  the ROM 
of every App le  is the system Mon itor, with a capita l  M, wh ich  is very 

13 
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d iffe rent from you r  video mon itor .  The Mon itor i s  actua l ly a nother  com
pute r language and  i s  des igned to l et you ,  the u se r, com m u n icate d i rect ly  
with system memory .  As re lated to graph ics,  you wi l l  u se Mon ito r to 
i n spect, mod ify, or move the contents of the RAM. You wi l l  a l so learn to 
use Mon ito r  to enter short mac h i ne language p rograms  wh ich  can be 
accessed from you r BAS I C  p rograms  to m a n i p u l ate g raph ics .  B ut befo re 
you can learn about the  Mon itor, you have to fi nd i t .  

Monitor, I Presume 

I f  you have worked m uch  with you r  App le you have noticed that, when 
you a re ta l ki ng to  APPLESOFT, the com puter d i sp lays a ] on  the l eft edge 
of the sc reen ;  you get a > when you work with I NTEG E R  BAS IC .  Those 
are p rompt characte rs, and the i r pu rpose is to rem i n d  you wh ich  language 
you a re dea l i ng with . The p rom pt cha racter fo r Mon itor is * .  If you have a 
regu l a r  App le  I I , you see the * p ro m pt every t ime you tu rn  the system o n .  
Whe n  you power u p  a n  App le I I + or  App le l i e, they wi l l  i m m ed i ate ly 
access the d i sk and  load the d isk operat i ng system (DOS) . After DOS has 
been loaded, the sc reen wi l l  d i sp l ay e i ther the > or  ] p rom pt, and then 
you can reach the Mon itor by typ i ng :  

CALL-151 < CR> 

When you want to retu rn to BAS I C  from Mon ito r, type:  

< CTRL-C> < CR> 

If you have DOS u p, an  a lte rnate method of retu rn i ng  to BAS I C  i s  to type:  

3Dl3G < CR> 

Examining Memory 

You can u se Mon ito r to exa m i n e  or  a lte r any byte of RAM; you can a l so 
exa m i ne ROM, though you can n ot change it .  Ente r the Mon itor, then type : 

33 < CR> 

The d i sp lay sho u l d  respond with the contents of add ress $ 3 3 :  

131333- AA 

Locat ion $33  is where App le  stores the cu rrent p ro m pt cha racte r, and  $AA 
is App le's n u mer ic  code fo r the * .  Notice that you d i d  not p reface the 33  
wi th  a do l l a r  s ign ,  even though you meant hexadec i m a l  33 ;  Mon ito r a l 
ways speaks i n  hex and assu mes that you wi l l  do the same .  

You may look  at  more than one byte of  memory at  a t ime by  specify ing  
the begi n n i ng and end i ng add resses of  the range of  memory you wish  to 
see . Sti l l ,  from Mon ito r type : 



q�� . ClF <  CR> 
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Do not u se spaces to separate the two e lements of the  com man d .  The 
com pute r wi l l  then d i sp lay someth i ng s i m i l a r  to : 

�c��- xx xx xx xx xx xx xx xx 
�C�8- xx xx xx xx xx xx xx xx 
�Cl�- xx xx xx xx xx xx xx xx 
�C18- xx xx xx xx xx xx xx xx 

The n u m bers i n  the l eft hand co l u m n  i ndex the memory locat ions  d i s
p layed i n  the fi rst co l u m n  of each l i ne .  Each of the xx's wi l l  be some 
hexadec ima l  byte, though the p rec i se va l ue of  each byte wi l l  vary. Shown 
in  the fi rst row wi l l  be the contents of  memory locations  C<!J<!J, C0 1 , C02 , 
C<!J3 , C<IJ4, C05, C06, and C07 . The second  row gives the contents of C08, 
C09, C<!JA ( remem ber  to cou nt i n  hex) , C©B ,  C©C, C©D, C©E, and C©F .  The 
th i rd row beg in s  at  C 1i and conti n ues in  a s i m i l a r  man ner .  

Changing Your Memory 

You can u se Mon ito r to a lte r the va l u e  i n  any given byte of RAM .  To 
change the e ight bytes begi n n i ng with the byte at C��, ente r :  

C�� : FF FF FF FF FF FF FF FF < CR> 

The co lon i s  the Mon itor com mand to change the va l u es of memory 
sta rt i ng at the given location  (C��) , and the FF's a re the  va l ues to wh ich  
you w i sh  to  change .  The  spaces between each of  the bytes a re necessary 
for the com mand to execute p roper ly .  ( F rom here on out, we wi l l  assu me 
that you wi l l  p ress t he  retu rn key when req u i red,  so  we wi l l  stop putti n g  
< CR >  after each entry . )  

To verify that the memory has  been changed , ente r :  

C�� . C�7 

and th i s  t ime you wi l l  see : 

�C��- FF FF FF FF FF FF FF FF 

Th i s  i nd icates that the e ight bytes begi n n i ng at C<!J<!J a l l  conta i n $FF .  

Memory Organization 

L i ke a l l  m i c roco m puters, the App le's RAM i s  not a l l  ava i l ab le  fo r you r  use;  
some port ions  a re u sed by the DOS, some by the Mon itor, and  som e  areas 
a re reserved for tem pora ry sto rage (buffe rs) o r  "sc ratch pad" areas . I n  the  
p revious  exa m p le ,  we chose to  a lte r the range C�� th rough C�7 because 
that a rea i s  not u sed by the com puter fo r i t s  own pu rposes, so it  i s  re l a
t ive ly  safe . If you a lte r va l ues i n  an  a rea u sed by the system ,  such  as the  
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DOS vecto r a rea ($JC!3-$JFF) , you have an exce l lent  chance of c reat i ng  
havoc,  so  be  very carefu l .  The  memory map i n  F igu re 3 - 1  shows wh ich  
a reas o f  memory a re u sed for what .  

Memory Map ol a 48K Apple II 

Function 

APPLE MONITOR 

APPLESOIT 

RESERVED 

l!O DECODE 

DOS 
UNUSED 

HI· RES PAGE 2 
HI· RES PAGE I 

U NUSED 

TEXT /LO· RES PAGE 2 

TEXT /LO· RES PAGE I 
DOS VECTORS 

U NUSED 

TEXT INPUT BUFFER 

6502 STACK 

Z ERO PAGE 

Address 

$FSOO·SFFFF 

$EOOO·$F7FF 

SDOOO·SDFFF 

SCOOO·$CFFF 

$9600·$BFFF 

$6000·$95FF 

$4000·$5FFF 

$2000·$3FFF 

$COO·$! FFF 

$800·$BFF 

$400·$7FF 

$3CO·S3FF 

$300·$3BF 

$200·$2FF 

$100·$1FF 

SO·$FF 

Figure 3-1 . A memory map. 

I n  a 48K system,  RAM extends  from locat ion $0, at the "bottom" of 
memory, t h rough  location  $ B F F F .  The memory above $ B FF F  ($C000 
t h rough $FFFF) i s  ROM . ( U n less you own a 1 6K RAM expans ion ,  i n  wh ich  
case the ent i re range i s  RAM . )  The refe rence manua l s  fo r you r  system 
conta i n  seve ra l memory maps wh ich  a re u sefu l i n  determ i n i ng wh ich  a reas 
a re u sed by the system ,  BAS IC,  and/or DOS . 

Write Fram Memory 

You can p lace cha racte rs d i rect ly  on the Text Sc reen by i n sert i ng  the 
n u mer ic  code for the cha racte r i nto the area of memory wh ich  i s  d i sp layed 
(Text, page 1 ,  is the area of memory d i sp layed) . The memory map shows 
that the memory a rea fo r page 1 of -Cext l i es between $400 and  $7FF .  To 
c lear the sc reen from Mon ito r, type:  

< ESC> < SHIFT-P> 

Locat ions  $6D!3 th rough $6D7 a re with i n  Te)#JIScreen Memory, so let's p l ace 
the App le  code fo r " B" in those locat ions  by typi ng :  

6D!3 : C2 C2 C2 C2 C2 C2 C2 C2 
As soon as you p ress the retu rn key, eight " B's" wi l l  appea r  near the 
bottom of you r  scree n .  
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N ext, change the same locations  to $A0, and the " B's" wi l l  d i sappear .  
As you have p robab ly  guessed , $C2 i s  the Apple code fo r "B" ,  and $A0 i s  
the  code fo r a b lank .  You cou ld  c lear the enti re sc reen by p lac ing  $A0 in  
every locat ion from $400 t h rough $7FF, but enteri ng 960 cop ies  of  $A0 i s  
not on ly  ted ious, it can be avo ided by us ing the Mon ito r MOVE com mand 
wh ich  we wi l l  d i scu ss next. 

Making Memory Move 

The Mon itor MOVE com mand l ets you move the contents of one  range of 
memory to a d iffe rent range .  For exam p le, you cou ld  use the MOVE 
com mand to take the contents of the e ight  bytes wh i ch  begi n at locat ion / 
$C00 and  p lace those va l ues i nto the e ight bytes wh i ch  begi n at $ 000. 
You wou l d  have to te l l  Mon itor seve ra l t h i ngs :  that you wish  to move 
memory, wh i ch  c h u n k  of memory is to be moved (C9J�LC9J7}, and where 
you wish  to put the va l ues that you a re movi ng (D9J9J}. 

Fi rst, d i sp lay the contents of $C9J9J th rough $C9J7 j u st to see what is there .  
E nte r :  

C9J9J . C9J7 

then move those va l ues to $ 000 by typi ng :  

D9J9J < C9J9J . C9J7M 

Do not u se spaces to separate the d iffe rent pa rts of the  com mand . Th i s  
com mand te l l s Mon itor that the memory locat ions begi n n i ng at  $D9J9J a re to 
rece ive ( < )  the contents of memory from the range $C9J9J . C9J7 . The "M" at 
the end stands  fo r move . Reve rt i ng  to the ana logy of memory bei ng s i m i la r  
to  post office boxes, the MOVE com mand i s  s i m i l a r  to  tak ing  the m a i l  i n  
the e ight boxes n u m bered $C9J9J t h rough $C9J7 , and  sh ift i ng  the  mai l from 
each box up $19J9J boxes so it ends  up i n  the boxes n u m bered $D9J9J t h rough 
$D9J7 as i l l u st rated in  F igu re 372 . 

I 

STEP CONTENTS SHIFTED 
# OF TO 

----------------------------------

1 $C9J9J ----> $D9J9J 
2 $C9Jl ----> $D9Jl 
3 $C9J2 ----> $D9J2 
4 $C9J3 __ ...;._> $D9J3 
5 $C9J4 ----> $D9J4 
6 $C9J5 ----> $D9J5 
7 $C9J6 ----> $D9J6 
8 $C9J7 ----> $D9J7 

Figure 3-2. 
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The post office box mode l  does have a weakness; the i nformat ion in the 
or ig i na l  locat ions i s  not actua l ly taken out of  the o ld  boxes and  moved to 
the new locations ,  but rather  a copy is made and then  stored at the new 
add resses . H ence the same va l ues actua l ly res ide in both memory ranges, 
and the va l u es wh ich  were or ig i na l ly in the desti nat io n  add resses a re de
stroyed when us i ng  the MOVE com mand . 

N ow it i s  t ime to learn to do someth i ng q u as i -usefu l with the MOVE 
com mand : c lear  the text sc reen (memory locat ions  $4��-$7FF) . Begi n by 
p lac i ng the Apple code for a b l ank, $A�, i nto $3FF, by typi ng :  

3FF : A� 

Next enter 

4�� < 3FF . 7FEM 

and the enti re sc reen wi l l  c l ear .  You executed a MOVE com mand where 
the sou rce range of memory ($3FF . 7FE) over lapped with the dest i nat ion 
range ($4�� . 7FF) . Th i s  can prod uce some sta rt l i ng resu lts and  warrants a 
c lose r look.  

The Mon itor MOVE com mand works on  one byte at a t ime and  p ro
ceeds i n  ascend i ng order .  The refo re, the fi rst step copied the contents of 
$3FF (an A�) i nto $4��' the second step\copied the contents of $4�� ( now 
a l so A�) i nto $4�1, and so on as shown i n  F igu re 3-3 . 

STEP CONTENTS SHIFTED 
___ jt ________ �J _______________ lQ. __ _ 

1 $3FF ----> $4�� 
2 $4�� ----> $4�1 
3 $4�1 ----> $4�2 
4 $4�2 ----> $4�3 
5 $4�3 ----> $4�4 

958  $7FC ----> $7FD 
959 $7FD ----> $7FE 
96� $7FE ----> $7FF 

Figure 3-3. 

Though th i s  process may seem a bit com p lex at fi rst b l u sh ,  with a l itt l e  
practice it becomes both routi ne and  usefu l .  

The memory map i n  F igu re 3 - 1  shows that locat ion $3FF i s  with i n  a n  
area of memory u sed by DOS . To avo id any possi bi l ity of c lobber i ng DOS, 
it i s  a good idea to rep lace the va l u e  that was or ig i na l l y  there, so u se what 
you have learned so fa r to put an  $FF  back i n  add ress $3FF .  
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Other Monitor Tricks 

There a re other  Mon itor com mands ,  such  as the com mand you u se when 
you retu rn to BAS I C  by typ i ng 3 D0G . The 3 00 i s  the add ress marki ng  the 
begi n n i ng of  a DOS routi ne,  and  the G says GO.  However, the va l ue of 
those other  com mands  to the BAS IC-o r iented graph ics p rogrammer  is mar
g i na l ,  so we wi l l  not d i scuss them fu rthe r  here .  If you a re i nte rested , refer 
to Chapte r 3 of the APPLE II Reference Manual fo r more deta i l .  

Vocabulary 

B uffer 

Memory Map 

Mon itor 

MOVE 

Pro m pt Character 

Exercises 

1 .  U se the Mon ito r to exa m i ne the contents of l ocat ions  $96YJYJ th rough 
$96FYJ. 

2. Exa m i n e  memory locat ions $AA6YJ and $AA61 us i ng  a s i ng le  Mon itor 
com mand .  

3 .  Exam i ne locat ion $A4 without d i sp lay i ng  the contents o f  any other  
l ocatio n .  

4 .  Load $FF' s i nto locat ions $CYJ5 a n d  $CY,6. 

5. Move the contents of $4YJYJ t h rough $7FF to the block of memory 
wh ich  begi ns  at $61YJYJ. 

6 .  Load $YJYJ i nto each locat ion from $2YJYJYJ th rough $J FFF. 
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4 

APP LESO FT 
Extensions 

After read i ng Chapter 4 you shou ld be ab le  to : 

• U se the PEEK  statement to dete rm i ne the va l u e  i n  any given memory 
locatio n .  

• U se POKE t o  p lace given va l ues i nto given memory locat ions .  

• U se CAL L  and USR to execute a g iven mac h i ne leve l rout i ne  in  mem
ory .  

APPLESOFT BAS I C  conta i n s  a n u m ber  of add it ions  o r  extens ions  to the 
standard set of  BAS I C  com mands .  Among those extens ions  a re severa l 
com mands  re l ati ng  to graph ics ,  such  as G R, H G R, H L I N ,  and  PLOT. A l 
though these com mands eQJbody the ease and s i m p l i c ity of  the BAS IC  
language, they a l so sha re its d rawbacks - s low execut ion and  l i m ited ac
cess to system memory.  There is another  set of com mand  extens ions, the 
PEEK, POKE,  CALL ,  and USR statements, wh ich  a l l ow the APPLESOFT 
programmer  a good deal of access to memory and  m ac h i ne- level opera
t ions ;  t h i s  i n  tu rn permits more contro l  and faste r executio n  of g raph ics 
effects . 

Take a Peek 

The PEEK  com mand does very c lose ly  what its name i m p l ies ;  it P E E Ks at 
any given memory locat ion to see what va l u e  i s  stored there .  PEEK  i nterro-

2 1  
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gates memory from with i n  a BAS I C  p rogram,  without h avi ng  to enter the 
Mon itor .  The com mand PRINT PEEK ( 37 ) , for exa m p le,  wi l l  pr i nt the con
tents of  the th i rty-seventh locat ion in  memory .  PEEK i s  a dec i ma l -or iented 
com mand ,  so in the p rev ious  examp le  both the address (37) ,  and  the va l u e  
pr i nted a re i n  dec ima l  form . 

Another  app l i cat ion of the statement i nvo lves PEEKi ng  to see if a key has 
been pressed . This  i s  u sefu l when the com pute r i s  req u i red to p rocess 
conti n uous ly  and sti l l  look for a s igna l  to i nte rru pt, such  as a change of 
data . Many of the com puter-based a rcade games p rov ide exa m p les of th i s  
s i nce they m u st conti n uous ly  a n i m ate the figu res on  the screen ,  bu t  sti l l  
check for keyboard ,  game pad d l e, and/o r joyst ick  i n put i n  o rder  to receive 
the s igna l  to fi re, change the p l ayer's d i rect ion ,  and  so o n .  

T o  i l l u st rate u s e  of t h e  PEEK  statement, key i n  the  p rogram given i n  
L i st i ng  4- 1 . W h e n  you have fin i shed key ing  i n  t h e  p rogram ,  ru n it .  What 
do you see? You shou ld  see the lette r " L" bei ng cont i n uous ly pr i nted on  
the  scree n .  Press another  key . "*ie characte r wh ich  was p ressed wi l l  now 
be p ri nted u nt i l  yet another  key i s  p ressed , and so o n .  Program execut ion 
may be stopped by p ress i ng the reset key . 

10 REM DEM0NSTRATE PEEK 
20 REM 
30 P$ = "L" 
40 REM 
50 REM TOP OF LOOP 
60 PRINT P$ ;  
70 P = PEEK ( 49152 ) : REM SEE IF  KEY PRESSED 
80 IF P > 127 THEN PRINT CHR$ ( 7 ) ; :  

P$ = CHR$ ( P-128 ) :  POKE -16368 , 0 
90 GOTO 50 

Listing 4-1 . 

The fo l lowi ng l i ne-by- l i ne exp lanat ion shou ld  c l a r ify the examp le  and its 
u se of the PEEK  com mand .  

30 P$ = "L"  

L i ne  30 ass igns  P$ an i n it ia l  va l u e  o f  L .  

60 PRINT P$ ;  

L ine  60 pr i nts the va l u e  of P$ . The sem ico lon su ppresses the u sua l l y  auto
mat ic  l i ne feed so that the pr i nt i ng  wi l l  cont i n u e  ac ross the sc ree n .  

7 0  P = PEEK ( 49152 ) : REM SEE IF  KEY PRESSED 

L i ne  70 ass igns P the va l ue i n  locat ion 49152 .  Locat ion 49 1 52 has two 
fu nctions :  the fi rst is to s igna l  when a key has been p ressed , and the 
second  i s  to tem pora ri l y  ho ld  the n u mer ic  code fo r that key .  When a key i s  
pressed , the left-most bit i n  byte 49 1 52 i s  tu rned on ,  so the byte has a 
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va l u e  of 1 28 (o r greater if any other  bit i n  byte 49 1 52 happens  to be on ) .  
A l so, the va l u e  of  the key p ressed i s  stored i n  the other  seven bits of  byte 
49 1 52 .  If the va l ue i n  location 49 1 52 is greater than  1 2 7, then a key has 
been p ressed . 

8!i) IF  P > 127 THEN PRINT CHR$ ( 7 ) ; : 
P$ = CHR$ ( P-128 ) : POKE 49168 , !i) 

If a key i s  p ressed , then pr i nti ng CHR$ ( 7 ) wi l l  sou nd the be l l ,  and P$ i s  
reass igned to be the character pressed . CHR$ ( P-128 )  trans l ates the n u meric 
code fo r the character i nto the actua l  cha racte r .  The POKE read ies the 
keyboard fo r the next i n put by changi ng the va l u e  of location 49152 to a 
va l u e  less than 1 28 .  

9!il GOTO 5!il 

Th i s  l i ne begi ns  the loop agai n .  

PDKE1n Along 

The POKE com mand a l so states its own fu nct i o n .  I t  l ets you POKE a va l ue  
i nto memory from with i n  BAS IC,  without u s i ng  the Mon itor .  The  effect of 
POKE 37 ,  1 2  is to p l ace the va l u e  1 2  i nto memory locatio n  37 .  As with the 
PEEK  statement, the a rgu ments (37 and 1 2 ) a re dec i ma l -fo rm n u mera l s .  As 
it happens ,  the contents of locat ion 37 dete rm i ne the verti ca l  posit io n  of 
the cu rso r, so POKE 37, 1 2  i s  eq u iva lent to VTAB ( 1 2) . 

The p rogram given i n  L i st i ng  4-2 demonstrates a use fo r POKE wh ich  
has d i rect app l icatio n  to graph ics .  Type i n  L i st i ng 4-2  and  ru n i t .  You wi l l  
see the H i -Res screen fi l l  with dots and l i nes, a l l  of thi s  occu rr i ng without 
the use of the H PLOT or  H L I N E  com mands .  The p rogram PO KEs random 
va l ues d i rect ly  i nto locat ions  with i n  the H i -Res screen memory area, so 
that the dots co rrespond i ng to the "on" bits of the byte wi l l  appear on the 
H i - Res d i sp lay.  You wi l l  have to press reset to stop the progra m .  I n  l ater 
chapters you wi l l  ca lcu l ate some spec ia l  va l u es, and  c reate p ictu res on the 
H i -Res screen u s i ng  th is method . -�--... ., 

l!i) REM DEMONSTRATE POKE 
2!il REM 
J!il HGR 
4!i) REM 
5!il REM TOP OF LOOP 
6!i) 1% = ( RND ( l ) * 8192 ) + 8192 
7!il V% = ( RND ( l ) * 256 )  
8!il POKE 1%, V% 
9!il GOTO 5!il 
Listing 4-2. 

The fo l lowi ng l i ne-by- l i ne exp lanat ion shou ld  c la r ify the examp le .  

J!il HGR 



24 APPLE I I  COM PUT E R  G RAPH ICS 

sets the H i- Res graph ics mode and c lea rs the sc ree n .  

6(il 1% = ( RND ( l ) * 8192 ) + 8192 

gene rates a random location between  8 1 92 ($2©©©) and  1 6383 ($3 FFF) ,  
i nc l u s ive. Th i s  a rea of memory i s  rese rved fo r page 1 o f  H i -Res g raph ics .  

7(il  V% = ( RND ( l ) * 256) 

generates a va l u e  between © and 255 ,  i n c l u s ive . 

8(il POKE 1%, V% 

POKEs the va l ue  i nto the memory locat ion with i n  screen memory to make 
the dots appear. 

9(il GOTO 5(il 

begi n s  the loop aga i n .  

Call for Help 

The CALL statement i s  m uch l i ke the APPLESOFT GOS U B, except that the 
su brouti ne bei ng CALLed i s  a mac h i ne language rout i ne in  memory i n
stead of a BAS IC  rout i ne  with i n  you r  p rogram . At the end  of the su brou
t ine ,  the mac h i ne code eq u iva lent  of  a RE:fU RN statement retu rns  to the 
i n st ruct ion which fo l lowed the CALL  in  you r-progra m .  The u se of mac h i ne 
leve l rout i nes i s  he lpfu l becau se they a l low you more contro l  ove r the 
com puter, and a re m uch  faste r than  correspond i ng BAS I C  rout i nes .  
Smooth a n i mation  vi rtua l ly req u i res the extra speed affo rded by mac h i ne 
leve l su brouti nes .  On the negative s ide,  the worki ngs of a rout i ne  written 
i n  m ach i n e  code are u sua l ly  rather  obscu re; and fu rther, any er rors i n  
u s i ng  that routi ne  can lead to any n u m ber  of u n pred ictab le  and bizarre 
resu lts . 

The s im p lest u se of the CALL statement i s  to CAL L  one of the routi nes 
with i n  the Apple ope rati ng system . CALL  -936 c lea rs the text screen and  
moves the c u rsor to  the u pper l eft corner-the same effect as the HOME 
statement .  When one u ses the HOME com mand ,  APPLESO FT essentia l ly 
i ssues a CALL  to that same locatio n .  There a re many other  u sab le  rout i nes 
l i sted in the APPLESOFT manua l ,  see pages 1 29- 1 3©, and the APPLE I I  
REFERENCE MAN UAL, see pages 6 1 -64. 

Another way to u se CALL  i s  to have you r  BAS IC  p rogram POKE a ma
c h i ne language p rogram i nto memory, then i nvoke that rout i ne u s i ng  the 
CALL  statement .  Type in  the p rogram from L i st i ng 4-3 by way of an  
exam p le .  You  wi l l  see the screen wi l l  fi l l  w i th  the i nve rse @ character .  The  
fi rst port ion of  the program POKEs a su brouti ne i nto memory u s i ng  a data 
tab le ,  and then the su brouti ne is CALLed . The su brout i ne  itse lf  is of no rea l 
va l u e  because a l l  it does i s  fi l l  the sc reen with i nve rse @ characters, but it 
does demonstrate the u se of CALL .  



1� REM DEMONSTRATE CALL 
2� REM 
3� REM POKE THE MACHINE 
4� REM LEVEL ROUTINE 
5� REM INTO MEMORY 
6� REM 
7� FOR L = 768 TO 8�2 
8� READ V 
9� POKE L , V 
1�� NEXT L 
11� REM 
12� REM POKES COMPLETE 
13� REM 
14� PRINT "GET READY" 
15� FOR I = 1 TO 1��� : NEXT I 
16� CALL 768 
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17� VTAB ( 24 ) : PRINT "ALL DONE" : 
GOTO 25� 

18� REM 
19� REM DATA TO POKE 
2�� REM 
21� DATA 169, �, 133, 254, 169, 7, 13 

3, 255, 16�, 255 
22� DATA 162, 4, 32, 88, 252, 165, 16 

1, 145, 254 
23� DATA 198, 254, 2�8, 252, 136, 2 

�8, 247, 2�2, 24�, 5, 198, 255, 76 
24� DATA 17, 3, 96 
25� END 
Listing 4-3. 

To aid you r  u nderstand i ng, each l i ne i s  exp la i ned be low. 

7� FOR L = 768 TO 8�2 
8� READ V 
9� POKE L , V 
1�� NEXT L 

Th i s  loop reads the va l ues from the data tab le  and  POKEs them i nto mem
ory locat ions  768 t h rough 8<ll2 .  Th i s  i s  a com mon m ethod of  p lac ing  a 
mac h i ne leve l rout i ne i nto memory.  

14� PRINT "GET READY" 
15� FOR I = 1 TO 1��� : NEXT I 

These l i nes b u i l d  the suspense to great he ights !  

16� CALL 768 

Th i s  l i ne executes the su brouti ne wh ich  was set u p  by l i nes 7<ll- 1  <ll<ll . 
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17� VTAB ( 24 ) : PRINT "ALL DONE" : 
GOTO 2t\i' 

t\fter the sub rout i ne i s  com p lete, t h i s  l i ne wi l l  pr i nt an  end  of job message 
:ind then j u m p  to the  EN D statement .  

21� DATA 169 , � , lj3 , 254 , 169 , 7 , 13 
3 , 255 , 16� , 25 5  

22� DATA 162 , 4 , 32 , 88 , 252 , 165 , 16 
1 , 145 , 254 

23� DATA 198 , 254 , 2�8 , 252 , 136 , 2  
�8 , 247 , 2�2 , 24� , 5 , 198 , 255 , 76 

24� DATA 17 , 3 , 96 

L i nes 2 1 0-240 const itute the data tab le  of va l u es to be p laced i nto memory 
to fo rm the su brout i ne .  They a re REA D  by l i ne 80 and POKEd by l i ne 90. 

Us i ng  the tec h n i q u e  p resented above, any mac h i ne l anguage p rogram 
m ay be POKEd i nto memory, and then executed from BAS I C  u s i ng  the 
CALL statement.  

USR 

The U S R  statement i s  s i m i l a r  to the CALL statement, i n  that it causes the 
execution of a mac h i ne leve l rout i ne  in  memory.  Where CAL L  s im p ly 
executes the i nd icated rout i ne, USR a l lows the BAS IC  p rogram some con
tro l  ove r the mach i ne leve l routi ne by hand i ng u p  to two bytes of i nfo rma
t ion to the su brouti ne befo re com menc ing  execut io n .  Fu rther, when the 
routi ne i s  fi n i s hed , i t  passes a va l u e  back to the BAS IC  p rogra m .  

The U S R  statement m u st be u sed with i n  a l a rger BAS IC  statement, fo r 
examp le,  X = US R(8) o r  PR I NT U S R(247) . The va l u e  given with i n  the 
parentheses i s  the deci ma l  va l u e  of data passed to the s ub rout i ne,  and 
after the  su brouti ne i s  executed , USR ( ) rep resents the va l u e  wh i ch  i s  g iven  
back to  the BAS IC  routi ne .  Su ppose that the two exa m p les c ited above use 
a su brouti ne wh ich  dou b les any va l u e  it i s  g ive n .  Then the statement X = 
U SR(8) wou l d  ass ign X the va l u e  1 6, and  PR I NT U S R(247) wou ld pr i nt 494 . 

L i st i ng  4-4 i s  an  a lterat ion of L i st i ng  4-3 . Key i n  L i st i ng  4-4 and  ru n the 
p rogra m .  You wi l l  see the message 

WHAT CHARACTER DO YOU WISH TO PRINT? 

appea r on the sc reen .  P ress any cha racter key and  then the R ETU RN key . 
After a short wait, the screen wi l l  f i l l  with the character that you have 
c hose n .  When the screen has fi l l ed,  a n u m ber  is pr i nted i n  the u pper l eft 
corner  of the sc reen ;  the "ALL  DON E" message i s  pr i nted near the bot
tom .  N ext, the message 

ANOTHER CHARACTER? ( Y/N) 

wi l l  appear, g iv i ng you a chance to t ry a nother  characte r .  
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10 REM DEMONSTRATE USR 
20 REM 
30 REM POKE THE MACHINE 
40 REM LEVEL ROUTINE 
50 REM INTO MEMORY 
60 REM 
65 POKE 10 , 76 : POKE 11 , 0 :  POKE 1 

2 , 3  
70 FOR L = 768 TO 805 
80 READ V 
90 POKE L ,  V 
100 NEXT L 
110 REM 
120 REM POKES COMPLETE 
130 REM 
134 PRINT "WHAT CHARACTER DO YOU 

WISH TO PRINT? 1 1  

136 GET C$ : C = ASC ( C$) + 128 
140 PRINT "GET READY" 
150 FOR I = 1 TO 1000 : NEXT I 
160 PRINT USR ( C )  
170 VTAB ( 22 ) : PRINT "ALL DONE" 
172 PRINT "ANOTHER CHARACTER? ( Y 

/N ) " :  GET R$ 
174 IF  R$ = "Y" GOTO 134 
176 IF  R$ = "N" GOTO 250 
178 PRINT CHR$ ( 7 ) : GOTO 172 
180 REM 
190 REM DATA TO POKE 
200 REM 
205 DATA 32 , 12 , 225  
210 DATA 169 , 0 ,  133 , 254 , 169 , 7 ,  13 

3 , 25 5 , 160 , 255  
220  DATA 162 , 4 , 32 , 88 , 252 , 165 , 16 

1 , 145 , 254 
230 DATA 198 , 254 , 208 , 252 , 136 , 2  

08 , 247 , 202 , 240 , 5 , 198 , 25 5 , 76 
240 DATA 20 , 3 , 96 
250 END 

Listing 4-4. 

"'' 

The cha racter wh ich  you se lect is passed to the su brout i ne  v ia  the U S R  
statement .  O n e  cauti o n :  Press i ng t h e  " P" key wh i l e  ho ld i ng down the  
CTRL and  S H I FT keys wi l l  gene rate a syntax e rror due to  the con stra i nts 
of the ASC fu nct ion u sed in l i ne 1 36 .  The n u m ber  that appears at the top 
of the screen i s  caused by the statement "PR I NT U S R  (C) ' ' , wh ich  actu-
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a l ly pr i nts the va l u e  retu rned by the su brout i ne .  The sub rout i ne in th i s  
examp le  retu rns  o n ly garbage . 

The fo l lowi ng a lte rations  a re those wh ich  have been made to L i st i ng 
4-3 : 

L i nes changed : 1 (/), 7(/), 1 6(/), 1 7(/), 24(/) 
L i nes added : 65, 1 34, 1 36, 1 72 ,  1 74, 

1 76, 1 78,2(/)5 

These d ifferences a re exp la i ned be low. 

65 POKE 1�, 76 : POKE 11, � :  POKE 12, 3 

L i ne  65 p laces i nformat ion i nto memory wh ich  i s  needed by the U S R  
com mand . W h e n  BAS IC  encou nters U S R, i t  automatica l ly j u m ps to loca
t ion  1 (/), and from there to the location of the s ub rout i ne wh ich  is to be 
u sed . The parti cu la r  va l ues POKEd here d i rect the com pute r to j u m p  to 
location $3��' where l i es the su brouti ne .  Locat ion 1 1  conta i n s  the second 
byte of the su brout i ne ' s  add re\s, in  th i s  case $��' and  location  1 2  conta i n s  
the fi rst byte - $�3 . I f  t he  su brout i ne begi ns  i n  a d iffe rent locat ion ,  say 
$C�25, the  va l ues 37 ($25 = 2 * 1 6  + 5) and 1 92 ($Cf/) = 1 2 * 1 6  + (/)) 
wou ld be POKEd i nto locat ions 1 1  and 1 2 , respect ive ly .  

7� FOR L = 768 TO 8�5 

The loop goes from 768 to 8(/)5 i n stead of to 8(/)2 because of the th ree extra 
data va l u es wh ich  have been added i n  l i ne 2(/)5 . The effect of those th ree 
extra va l ues is to accept the cha racte r code wh ich  is passed by the U S R  
com mand . 

134 PRINT "WHAT CHARACTER DO YOU 
WISH TO PRINT? 1 1  

136 GET C$ : C = ASC ( C$ )  + 128 

These l i nes G ET the cha racter that the user  wishes to p ri nt and  convert it to 
its App le code va l ue .  

16� PRINT USR ( C )  

Th i s  l i ne passes the se lected cha racte r code to  the s ub rout i ne and then 
executes i t .  When the su brouti ne i s  fi n i s hed , th i s  statement a l so pr i nts the 
va l ue wh ich  i s  retu rned by the s ub rout i ne .  I n  th is  case the va l u e  pr i nted i s  
m ea n i n gless and  it wi l l  not be pr i nted if l i ne 1 6(/) i s  changed to read 16� 
X = USR ( C ) . 

17� VTAB ( 22 ) : PRINT "ALL DONE" 

The VTAB has been changed to 22  to a l l ow program l i ne 1 72 to pr i nt on 
screen l i ne 23 ,  and the GOTO has been removed s i nce the p rogram no 
longer  ends  at th is  po i nt .  

172 PRINT "ANOTHER CHARACTER? (Y 
/N) 1 1 : GET R$ 



Introducing -
Diskette to Accompany Apple II Computer Graphics 

Ken Williams Bob Kern aghan Lisa Kernaghan 

You ca n get started in g raph ics right away, beca u se all the 
progra m keyboa rd i ng has a l ready been done for you !  

Th is  compan ion software d i s kette offers yo u faster a n d  easier access to Apple 1 1  (and I l e!) computer g raph ics .  

J ust look at  what you ' l l  enjoy: 
• A l l  the programs (more than 25) l i sted in the book. I nc l u d i n g  generat i n g  s hapes . . .  three types of graphs . 

fu l l-s pectru m color des i g n  and a n i mation . . .  and more! Before you know it, you'll even be able to create your 
own . simple computer games. 

• 20 to 25 val uable h o u rs saved! It wou l d  probable take more than one com p l ete 24-hour day j ust to enter the 
programs a lone. With the diskette, you could be creating graphic designs within minutes! 

• E l i m i n ates a l l  those fru strat i n g  and m i nd-n u m b i n g  keyboard i n g  errors. Leaves you r  m i nd c l ear and you r  f i n
gers n i m b l e  to tack le  the exc itement of d es i g n !  

H e re's how to order yo u r  copy of 
Diskette to Acco m pa ny Apple I I  Com puter G ra p h i cs .  

Enclose a check or money order fo r $ 1 2 .5 0  p l u s  local  sales tax, s l i p  i n  t h i s  handy order envelope - a n d  m a i l !  
N o  postag e needed . O r  charge it t o  yo u r  V I SA or M asterCard . J ust co m p l ete the i n format ion below. 

ORDER TODA Y! 

D YES! I want to beg i n  g ra p h i cs r i g ht away! P l ease ru s h  m e  Diskette to Accom pany 
Apple I I  Com puter G rap h ics/ 031 89·0. I h ave e n c l osed paym ent of $ 1 2 .50 p l u s  local  

sales tax. 

N ame _________________ _ 

Ad d re s s  

C ity ________ State __ Z i p  __ _ 

C h arge my C red i t  Card I n stead 

D V I SA D M asterCard 

Account N u m ber 

Exp i rat ion Date 

S ignature as i t  appears on Card 

BradyRobert J . B rady Co. • Bowie,  M D  2 0 7 1 5 ; 

A Prent ice- H a l l P u b l i s h i n g  a n d  Com m u n icat ions  Company 

l ocations  462© th rough 4677 .  

32 , 88 ,  252 , 169 , 217 ,  32 ,  240 , 253 , 169 , 207 , 32 ,  240 , 253 , 169 , 
213 , 3 2 ,  240 , 253 , 169 , 160 , 32 ,  240 , 253 , 169 , 196 , 3 2 ,  240 , 253 ,  
169 , 201 , 32 ,  240 , 253 , 169 , 196 , 3 2 ,  240 , 253 , 169 , 160 , 32 , 240 , 
253 , 169 , 201 , 32 ,  240 , 253 , 169 , 212 , 3 2 ,  240 , 253 ,  169 , 161 ,  32 , 
240 , 253 

3 . Alte r  the  p rogram written in Exe rc i se 2 so that i t  p l aces the mac h i ne 
code va l ues i nto memory and then executes them as a su brouti ne .  



It took Michaelangelo 1 460 days to paint the 
ceiling of the Sistine Chapel. 

B ut i t' l l  take yo u less than one to beg i n  c reat i n g  
you r  own A p p l e-gen erated g ra p h i cs !  

How? See over for details . . .  

1 1 1 1 1 1  

BUSI N ESS RE PLY MAI L 
F I R ST C LASS P E R M I T N 0. 1 9 76 B O W I E, M D  

POS TA G E  WIL L  BE PA ID B Y  A DDRESSEE 

Robert J .  Brady Co. 
A Prentice- H a l l  Com pany 
Bowie, Maryland 207 1 5 

N O  POSTAG E 
N ECESSARY 

IF M A I L E D  
I N  T H E  

U N ITED STATES 

· · · - - · · · · · o · - � �  � . .  � . . . . . . .  "v' uc ,._,, . .  , lcu 1 1  1 1 1 1 e 1 011J 1::. cnangea IO reaa lb!J 
X = USR ( C ) . 

17� VTAB ( 22 ) : PRINT "ALL DONE" 
The VT �B has been changed to 22  to a l low p rogram l i ne 1 72 to pr i nt on screen l i ne 23 ,  and  the GOTO has been removed s i nce the p rogram no longe r  ends  at  th i s  poi nt .  

172 PRINT 1 1  ANOTHER CHARACTER? ( Y 
/N) " :  GET R$ 



174 IF  R$ = "Y" GOTO 134 
176 IF  R$ = "N" GOTO 25(J 
178 PRINT CHR$ ( 7 )  : GOTO 172 
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These l i nes i nq u i re whether  the user  wa nts to t ry anothe r  cha racte r; if yes 
then GOTO l i ne 1 34 to resta rt, if  no then GOTO the EN D statement, and  if 
neither then beep the be l l  and t ry for another  response .  

2(J5 DATA 32 , 12 , 225  

The th ree new data va l ues d i scu ssed wi th  l i ne 7©. 

24(J DATA 2(J , 3 , 96 

The fi rst piece of data i � th i s  l i ne i s  d iffe rent than  i n  L i st i ng 4-3 . 

The su brout i ne wh ich  pr i nts the characters fo r L i st i ngs 4-3 and 4-4 i s  
on ly  s l ight ly faste r than the BAS IC  p rogram i n  L i st i ng 4- 1 ,  wh ich  a l so fi l l s  
the sc reen with a se lected character .  H owever, i t  i s  worth not i ng that the 
mach i n e  level su brout i ne used has been s lowed down by a factor  of 
approxi mate ly 1 25 so that the p rocess wi l l  take a noticeab le  amou nt of 
t ime .  To he lp  demonstrate the speed of execution  fo r mac h i ne leve l rou
ti nes, rep lace eac h of the fi rst fou r  data va l ues in  l i ne 23(/J with the va l ue  
234, to  d i sab le t he  de lay fu nct ion ,  and  t hen  ru n the mod ified program .  

Vocabulary 

CALL  

PEEK  

POKE 

USR 

Exercises 

1 .  Write a BAS I C  program to dete rm i n e  the va l u es at memory locations  
1 ©2©, 1 ©2 1 , 1 ©22 ,  and 1 ©2 3 .  

2 .  Write a BAS I C  program to poke t h e  fo l lowi ng va l ues i nto memory 
locations  462(/J t h rough 4677 .  

32 , 88 , 252 , 169 , 217 , 32 ,  24(J , 253 , 169 , 2(J7 ,  3 2 ,  24(J , 253 , 169 , 
213 ,  32 , 24(J , 253 , 169 , 16(J , 32 ,  24(J , 253 , 169 , 196 , 3 2 ,  24(J , 253 , 
169 , 2(Jl , 32 ,  24(J , 253 , 169 , 196 , 32 ,  24(J , 253 , 169 , 16(J , 32 , 24(J , 
253 , 169 , 2(Jl , 32 , 24(J , 253 , 169 , 212 , 3 2 ,  24(J , 253 , 169 , 161 ,  32 ,  
24(J , 253 

3 .  A lte r the p rogram written in Exe rc ise 2 so that it p l aces the mac h i ne 
code va l ues i nto memory and then executes them as a su brouti ne .  
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4 .  Write a BAS IC  p rogram wh ich  p lots severa l b loc ks or l i nes on the 
Low-Res sc reen ,  and then c lears that screen by CALL i ng the ROM 
routi ne located at $ F832 .  

5 .  Write a BAS IC  p rogram wh ich  pr i nts, on  l i ne 5 of  the text sc reen ,  a 
message of you r cho ice i n  the i nve rse mode, and  then p ri nts, on  
screen l i ne 1 0, a second message i n  the no rma l  mode .  Do not u se  t he  
VTAB,  I NVERSE,  o r  NORMAL com mands,  bu t  i n stead u se the POKE 
and CALL com mands .  The VTAB locat ion i s  d i scu ssed i n  the  POKE 
sect ion of  t h i s  chapter, and the ROM routi nes to set the I NV E RS E  and 
NORMAL modes a re located at  $FE80 and $FE84, respect ive ly .  

) 



5 

Graphics Modes and 
Soft Switches 

Objectives 
After read i ng Chapter 5 you shou ld  be ab le  to : 

• Set any of the graph ics modes and the i r va r iat ion s  by u s i ng the  soft 
switches .  

You r App le  com puter conta i n s  a c h u n k  of  ha rdware which i s  respons i b le  
for looki ng  at  portions  of memory and tran s l at i ng  what it fi nds  there i nto a 
v ideo d i sp lay.  With i n  l i m its, you may dete rm i ne wh ich  a rea of memory i s  
se lected, and how the data there i s  i nte rpreted . Data i n  memory may be 
i nterp reted fo r v ideo d i sp l ay i n  th ree d iffe rent ways : as Text, Low-Res ( Low 
Reso l ution )  g raph ics,  o r  H i -Res (H igh Reso l ut ion )  graph ics .  Those th ree 
modes, the i r ten var iations ,  and the method fo r se lecti ng each wi l l  be 
d i scussed i n  t h i s  chapter .  

Text Made 

The Text sc reen of a n  App le  I I  o r  App le  I I + comes from the  facto ry ab le  to 
d i sp lay 24 l i nes of text on the screen with 4<ll cha racters across each l i ne .  I t  
can d i sp lay o n ly 64 d iffe rent cha racte rs; those a re the 26 l ette rs of the 
a l phabet (u pper case on ly) ,  28 spec ia l  cha racte rs (su c h  as parentheses, 
com m as, p l u s  s igns ,  and so fo rth ) ,  and the ten n u mera l s  (zero t h rough 
n i ne) . There a re severa l aux i l i a ry ha rdware boa rds on  the market today 
wh ich  con nect th rough one of the i nte rface s lots i n  the back of the com
putE>r and a l low for the d i sp lay of lower case l ette rs, more than 24 l i nes  per 

3 1  
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sc reen ,  and more than  4<ll cha racters per l i ne .  We wi l l  confi ne  o u r  d i scu s
s ions  to the u n m od ified mac h i ne .  

There a re actua l ly two Text sc reens  wh ich  may b e  d i sp l ayed -Text page 
1 and  Text page 2. From BAS IC  the  TEXT com mand automatica l ly d i sp lays 
the p ri m a ry sc reen (page 1 ) ; there is no BAS IC  com mand to d i sp lay the 
secondary screen (page 2 ) .  One reason for t h i s  i s  that the memory range 
d i sp l ayed fo r page 2 i s  the same memory wh ich  i s  u sed to store APPLE
SOFT p rograms,  and so a l l  the BAS IC  p rogrammer  sees on  page 2 i s  a 
j u m b led p ictu re of h i s  or  her  p rogra m .  Therefo re, page 2 of text i s  of 
i nte rest o n l y  if you a re p rogram m i ng i n  assem bly or mac h i ne code .  

W h i le i n  the Text mode, eac h cha racter d i sp layed i s  rep resented i n  
memory by  a n u mer ic  code .  Fo r exa m p le, $C l ( 1 93)  i s  the  code for "A," 
$C2 ( 1 94) i s  the code fo r "B ,"  and  so o n .  The standard scheme u sed for 
ass ign i ng n u mer ic  codes to the cha racters i s  ASC I I ,  a n  ac ronym fo r Ameri 
can Standard Code fo r I nformat ion I nte rchange .  U nfo rtunate ly, you r  App le  
does  not u se ASC I I fo r its i nte rna l  codes.  The App le  va l u e  fo r any cha racte r 
d i sp layed norma l ly (as opposed to d i sp layed as f las h i ng o r  i nve rse) tu rns  
out  to be $Bill ( 1 28) g reate r than  the ASC I I va l u e  fo r that same cha racter .  
Append ix  2 conta i n s  cha rts of  both the ASC I I  and App le  codes fo r rep re
sent i ng cha racte rs . 

Low-Res Mode 

As with Text, there a re two d iffe rent Low-Res sc reens ,  Low-Res page 1 and  
Low-Res page 2 .  Eac h page may be d i sp layed as  fu l l  g raph ics o r  as a m ixed 
m ode (graph ics with fou r  l i nes of text at the bottom of the sc ree n ) .  L i ke 
Text page 2, Low-Res page 2 u ses the memory range where APPLESOFT 
sto res p rograms,  so the secondary page i s  of l i tt l e  use .  The  m ixed sc reen 
Low-Res mode a l l ows fo r co lor  b locks to be d i sp layed i n  4<ll hor izonta l  
rows and 4<ll ve rt ica l  co l u m ns ( 1 6<ll<ll b locks) . Eac h b lock  may be  one  of  1 6  
co lo rs, and  fou r  l i nes of text a re d i sp l ayed at the  bottom of the scree n .  The 
fu l l  sc reen Low-Res mode rep laces the fou r  l i nes of  text w i th  a n  add itiona l  
e ight rows of  b locks, so you  have a tota l o f  1 920 b loc ks (4<ll * 48) . The G R  
com mand sets the m i xed sc reen ,  Low-Res graph ics mode,  page 1 ;  there is  
no  BAS IC  com mand to set the fu l l  sc reen ,  Low-Res mode,  page 2 .  

Hi-Res Mode 

The H i -Res graph ics mode a l so has a page 1 and  a page 2 sc reen ,  both of 
wh i ch  can be set to fu l l  graph ics o r  m ixed mode (graph ics with fou r  l i nes 
of text) . There a re 288 ve rt ica l  co l u m ns of dots in  1 92 ho r izonta l  rows (or 
53 , 760 tota l dots) , o n  eac h fu l l  page of the H i -Res graph ics mode. H G R  
sets m ixed mode, H i -Res g raph i cs, page 1 ;  H G R2 sets fu l l  page, H i -Res 
g raph ics,  page 2. You can not set any  of the othe r  two H i -Res graph ics 
m odes d i rect ly from BAS IC .  
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For those of you whose com pute rs sto re APPLESOFT i n  RAM, H i -Res 
graph ics, page 2 is not ava i l ab le  fo r u se .  I t  may, however, be d i sp layed if 
you wou ld l i ke to see a "p ictu re" of BAS IC .  

Sa� Switches and You 

The BAS I C  com mands  u sed to set the d iffe rent d i sp lay modes a re su itab le  
for many app l icatio ns, but they do have the i r d rawbacks . Bes ides  the 
normal  p rob lem BAS IC  statements have of be i ng s l ow to execute, BAS IC 
has no d i rect way fo r you to see fu l l  page graph ics  on  page one,  m i xed 
graph ics  on page two, or to switch back and forth between the text and 
graph ics sc reens  wi thout  c lobbe ri ng the  graph ics .  The so l ut ion  l i es in  set
t i ng the p roper graph ics mode you rse lf i n stead of t h rough  BAS IC,  and  that 
i s  where soft switches p l ay the i r part .  

The fou r  switches that contro l  the output mode a re ca l led soft because 
they a re not p hys ica l  switches,  but rather  they a re featu res of the  ope rati ng 
system .  I t  i s  conven ient to th i n k  of  each soft switch as be i ng a two-posit ion  
togg le  switch ,  as s hown i n  F igu re 5- 1 .  

DA N G E R !  SO FT SWITC H ES !  H A N DLE WITH CAR E !  

G RAPH I CS F U L L  SCREEN PAG E 1 LO-RES SELF 
$C050 $C052 $C054 $C056 

D ESTRUCT 
(49232) (49234) (49236) (49238) 

u n u u n 
TEXT M I X E D  SCREEN PAG E 2 H I -RES 

$C051 $C053 $C055 $C057 R U N  
(49233) (49235) (49237) (49239) 

N U M B E RS I N  PARENTH ESES A R E  D ECI MAL 

Figure 5-1 . Toggle switches. 

Each switch may be togg led i n  one  of two d iffe rent d i rections  by refe renc
i ng the assoc iated memory locat io n .  

• Switch 1 dete rm i nes whether  t h e  sc reen wi l l  d i sp l ay i n  t h e  Text mode 
o r  one of the graph ics modes .  

• Switc h 2 chooses between  the fu l l  sc reen graph i cs mode or  m ixed 
sc reen graph ics  with fou r  l i nes of text at the bottom .  I f  switch 1 i s  set 
to Text, then  switch 2 has no v i s ib le  effect . 

• Switch 3 se lects wh ich  page wi l l  be d i sp l ayed . Each d i sp l ay mode 
actua l ly has two enti re ly  d iffe rent sc reen s  wh i ch  m ay be u sed . 
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• Switch 4 se lects between the Low"Res and H i -Res modes .  Switch 4 has 
no v i s ib le  effect u n less switc h 1 i s  set to d i sp lay graph ic s .  

The  APPLE l i e has  severa l add it iona l  d i sp l ay-o r iented soft switc hes .  
Those switches a re d i scussed late r in  th i s  chapter u nder  the  head i n g  " For  
l l e ' s  On ly ."  

Toggling So� Switches 

Dismem ber i ng you r  com puter to look fo r these switc hes wi l l  not he l p  you 
locate them;  remem ber, they are not a p hysica l switc h ,  but o n l y  ex i st i n  
the system software. S o  how do you fl i p  a switch that does not ex ist? When 
the com puter  i s  tu rned on ,  the operat i ng  system automatica l ly togg les 
switch one  and switc h th ree to d i sp l ay the pr i mary page of text, but from 
there it i s  u p  to you .  

Each switch m ay be fl i pped i n  the des i red d i rect ion by refe rr i ng to the 
assoc iated add ress .  To set switch 1 from BAS IC  to d i sp lay graph ics, you 
cou ld PEEK  at the va l u e  wh ich  i s  in locat ion 49232 ,  or POKE a new va l ue 
i n  there .  Ne i ther  the va l u e  POKEd nor  the the va l u e  PEEKed i s  of any 
conseq uence; POKE 492 32,0,  X = PEEK (49232) ,  PR I NT PEEK (49232) ,  and 
POKE 49232 ,  1 75 a l l  set switc h 1 to graph ics mode.  I t  i s  the  mere act of 
refe rri ng to that locat ion  wh ich  sets the switch .  From Mon ito r  you can set 
the graph ics  switch by typ i ng C050 < RETU RN > ,  so that Mon ito r wi l l  
d i sp lay the va l u e  i n  location  C050, o r  type C050:0 to p lace a zero i n  that 
location .  Aga i n ,  it i s  o n l y  the refe rence to the l ocation  wh ich  i s  i m portant.  

T ry sett i ng  the switches to v iew the fi rst page of H i -Res graph ics  without 
the fou r  l i nes of text at the bottom and without c lear i ng the  sc reen .  Refe r 
to F igu re 5-2 fo r the assoc iated add resses for eac h switc h .  You r  seq uence 
of com mands  shou ld  look someth i ng l i ke th i s .  F rom the BAS IC  p rompt ( > 
or  ] )type : 

POKE 49234 , �  (Set fu l l  sc reen)  
POKE 49236 ,  � (Set page 1 )  
POKE 49239 ,  � (Set H i -Res mode) 
POKE 49232 , �  (Set graph ics) 

The o rder  i s  not i m po rtant, but if you set the graph ics  mode fi rst (POKE 
49232 ,0) ,  then the rema inder  of  the POKEs wi l l  not be  v i s ib l e  to  you s i nce 
the text i s  no l onger be i ng d i sp layed . 

To set the  same d i sp l ay seq u ence from Mon itor, type:  

C�52 : � 
C�54 : � 
C�57 : � 
C�5� : � 
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Switc h i ng to text page 1 may be accomp l i s hed by u s i ng  on l y  two of the 
soft switc hes .  You wou ld type : 

From BASIC  

POKE 49236 ,  0 
POKE 49233 , 0 

From Monitor 

C056 : 0 
C051 : 0 

The fi rst l i ne sets switc h 3 to d i sp lay the pr i mary page (page 1 ) , and  the 
second sets switc h 1 to d i sp lay text . The setti ngs of switc hes two and  fou r  
d o  not matter s i nce they affect o n l y  the graph ics m odes . 

A su m mary of the avai l ab le  v ideo d i sp lay modes appears i n  F igu re 5-J. 

Pract ice sett i ng  each mode and  its va r iat ions  by the u se of the  soft 
switches;  when you fee l comfortab le ,  p roceed to the next chapte r. 

Switc h 1 $C050 ( 4923 2 )  G raph ics  

Switc h 2 

Switc h 3 

Switc h 4 

$C051 ( 49233 ) Text 

$C052 ( 49234 )  
$C053 ( 4923 5 )  

$C054 ( 49236 ) 
$C055 ( 49237 )  

$C056 ( 49238 ) 
$C057 ( 48239 )  

Fu l l  Sc reen 
Sp l it Screen 

Page 1 
Page 2 

Low-Res 
H i -Res 

Figure 5-2. A summary of so� switch addresses. 

Text (always fu l l  page) 
Page 1 
Page 2 

Low- Res 
Page 1 

Mixed 
Fu l l  page 

Page 2 
Mixed 
Fu l l  page 

H i- Res 
Page 1 

Mixed 
Fu l l  page 

Page 2 
Mixed 
Fu l l  page 

Figure 5-3. Summary of available modes. 
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For I/e's Only 

The APPLE l i e u ses th ree addit iona l  soft switches to h e l p  contro l  the d i s
p lay .  These switc hes a re referred to by the names 80CO L, 80STO RE,  and 
A LTCHARS ET. 

80COL determ i nes whether  the text i s  d i sp layed with the norma l  40 
co l u m ns per l i ne o r  with 80 co l u m ns per l i ne .  (You  m u st have an  80 
co l u m n  card i n sta l l ed to d i sp lay 80 co l u m ns pe r l i ne ! )  To set the 40 
co l u m n  mode, POKE a va l u e  (any va l ue) i nto 49 1 64 ($C00C) . To enab le  
the 80 co l u m n  m ode,  POKE location  49 1 65 ($C00D) .  

80STORE dete rm i nes whether  add resses refe renc i ng  memory locations  
with i n  the fi rst page of  text ( 1 024 to  2047) actua l ly refe r to  memory on  the 
mai n memory boa ra , o r  memory on  the aux i l i a ry 80 co l u m n  boa rd . Do 
you have the fee l i ng that you m i ssed someth i ng? Let' s back up a bit .  
A l lowi ng a n  80 co l u m n  d i sp lay dou bles the n u m ber  of cha racters wh ich  
a re d i sp layed on  one page of  text. Th i s  req u i res twice the amo u nt of 
memory. The App le  l i e des igners had to fi nd an add it iona l  1 024 bytes of 
memory somewhere, without  d i stu rbi ng the ex i st i ng memory ranges u sed 
in the APPLE I I + .  The so l ut ion was to "c lone" Page 1 of Text memory and 
put the  d u p l icate memor/ on the 80 co l u m n  board . But  now there a re two 
post office boxes with the add ress 1 024, two boxes add ressed 1 025 ,  and so 
on t h rough 2047 .  When you r c"omputer "postman" is to l d  to de l ive r a 
va l u e  to one  of these add resses (fo r exa m p le ,  add ress 1 777) ,  he  or  she  
m u st know wh ich  of  the two boxes hav ing  that add ress i s  to  rece ive the 
va l ue .  The 80STORE switc h acts as a m i n i  Z I P code; it specif ies wh ich of 
the two ban ks of memory, m a i n  or aux i l i a ry, is i ntended . POKE i ng any 
va l u e  i nto 49 1 52 ($C000) wi l l  route a l l  add resses to  memory on  the mai n 
board , and POKEi ng i nto 49 1 5 3 ($C©© 1 ) routes add resses from 1 ©24 
th rough 2©47 to the memory on the 8© co l u m n  boa rd . 

ALTCHARSET switches the characte r generator (the th i ng that takes the 
n u meric code for a n  A and  makes it appear  as A on  the on  the sc reen)  
between the standard cha racte r set (American cha racte rs) and  some on
board , a l te rnate cha racte r set . Fo r, though it may come as a su rpr ise to 

8©COL 

8©STORE 

A LTCHARS ET 

$C!iJ!iJC ( 49164 ) 
$C!iJ!iJD ( 49165 ) 

$C!il!il!il ( 49152 ) 
$C!il!ill ( 4915 3 )  

$C!iJ!iJE ( 49166 ) 
$C!iJ!iJF ( 49167 ) 

4© Co l u m ns 
8© Co l u m ns 

Store i n  m a i n  memory 
Store i n  aux i l i a ry memory 

Standa rd c h a racte r set 
A lte rnate cha racte r set 

Figure 5-4. Summary of Apple lie so� switches. 
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some Americans ,  not every cou ntry' s a l phabet cons i sts of ou r 26 A BCs. 
Th i s  switch ,  however, does l itt l e  fo r the BAS IC  graph ics  programmer, so 
we wi l l  not be d i scuss i ng  it fu rther .  

I n  add it ion to  the added switc hes,  the App le  l i e  a l lows the p rogram mer  
to determ i ne the sett i ng  of  any of  the seven switches by PEEKi n g  the 
contents of  a re l ated locatio n .  Th is  way you can d i scove r if the mac h i ne i s  
set to  Page 1 o r  Page 2 ,  Text o r  G raph ics,  H i -Res o r  Low-Res, and so  fo rth ,  
without actua l ly POKE ing  any of  the assoc iated soft switches .  Fo r more 
d i scuss ion  of these test l ocat ions ,  p lease refe r to you r  APPLE  l i e m a n u a l .  

Vocabulary 

ASC I I 

Fu l l  sc reen graph ics 

H i -Res mode 

Low-Res mode 

Mixed screen graph ics ..... _ ,  

Pri mary page 

Secondary page 

Soft switc h 

Exercises 

Set the given d i sp lay mode once us i ng BAS IC,  and aga i n u s i ng Mon itor .  

1 .  Text mode, page 2 .  

2 .  Fu l l  sc reen Low-Res mode, page 1 .  

3 .  Mixed sc reen H i -Res mode, page 2 .  

4 .  Fu l l  sc reen H i -Res mode, page 1 .  
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Text and Low-Res 

Objectives 
After read i ng Chapter 6 you s h o u l d  be able to : 

• Convert any pa i r  of Low-Res co lors i nto the correspo n d i n g  va l ue ,  both 
d ec i m a l  and  hex.  

• P lace any lette r or  pai r of b locks at any given locat ion o n  the Text o r  
Low-Res screens ,  and  do so  u s i ng  both Mon ito r  and  the POKE state
ment .  

• U se the Low-Res ed ito r to deve lop  figu res .  

• Save the Low-Res sc reen u s i ng BSAVE or  the  Mon ito r WR ITE  com
mand . 

A l though many p rogram mers have an  ave rs ion  to graph ics i n  the  Low
Res mode, a n u m ber  of respectab le  p rograms  have emp loyed Low-Res 
with success . The "L itt l e  B rick  Out" (on you r DOS 3 . 3  system maste r) and  
" Lemonade" games a re good exa m p les of  what can be  done w i th  Low-Res 
a n d  a l i tt l e  i m ag i n at i o n .  We wi l l  d e m o n st rate h ow t h e  Text a n d  
Low-Res modes work, a n d  how you may eas i ly  c reate a n d  d i sp lay Text and  
Low-Res figu res .  

Let' s beg i n  our  exp loration  of  Low-Res graph ics  by exam i n i ng the  Text 
mode a bit c l oser .  

Text 

To sta rt with ,  type i n  L i st i ng 6- 1 ,  wh i ch  i s  des igned to fi l l  the  sc reen with 

39 
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the lette r "A" without u s i ng a PR I NT statement .  I t  is s i m i l a r  in effect to 
L i sti ng  4-3, but u ses no mac h i ne language su brout i ne .  

10  HOME 
20 FOR I = 1024 TO 204 7 
30 POKE I , 193 : REM 193 IS "A" 
40 FOR J = 1 TO 30  : REM DELAY 
50 NEXT J 
60 NEXT I 
70 CALL 65338 : REM BEEP SPEAKER 
80 GOTO 80 

Listing 6-1 . 

Afte r c lea r i ng  the  sc reen ,  the p rogram proceeds to PO KE the  n u meric  
code fo r "A" i nto eve ry memory location  from 1 024 t h rough  2047 ($400-
$7FF) ,  wh ich  i s  the range d i sp layed on  the Text/Low-Res sc reen .  You wi l l  
see the  sc reen fi l l  with "A' s" ; the speaker  wi l l  beep when the sc reen i s  fu l l .  
I n  o rd e r  to rega i n  cont ro l  of yo u r  m ac h i ne yo u wi l l  h ave to p ress  
< RESET > . 

Try rep lac i ng the n u m ber  30 i n  l i ne 40 with a d iffe rent va l ue .  The h igher  
the n u m be r  you se lect, the s lower the sc reen wi l l  fi l l .  A l so t ry changi ng the 
va l u e  POKEd in  l i ne 30; fo r exam p le, us ing a 1 i n stead of  1 93 wi l l  fi l l  the 
screen with  i nverse "A' s" . 

Not ice that the screen fi l l s  i n  th ree sepa rate p ieces, even though the 
p rogram fi l l s  memory seq uent ia l l y .  The fi rst l i ne of A's  appea rs at  the top of 
the  screen,  the second appears a l most a t h i rd of the way down the sc reen ,  
and the  th i rd l i ne appea rs rough ly  a th i rd be low the second . The fou rth 
l i ne fi l l s u nder  the fi rst, the fifth  u nder  the second ,  and  so on  u nti l the 
sc reen i s  fu l l .  Th i s  th ree-part fi l l i ng seq uence i s  not j u st co i nc idence, but i s  
more o f  a cu rse wh ich  hau nts anyone dea l i ng with g raph ics .  I t  makes 
d ete rm i n i ng the add ress of any locat ion on  the sc reen rather  d i ffi cu lt .  The 
reason fo r the pec u l i a r  design of sc reen memory i s  t ied up with the e lec
t ron ics ,  though in s im p le  te rms it was eas ie r  to wi re the com p uter together  
that way .  As  you can see, however, locat i ng  the p roper add ress to match a 
d es i red pos it ion on  the sc reen cou ld  tu rn  i nto a p rob lem . 

Th i s  p rob lem is u sua l l y  so lved by the u se of a memory map such  as the 
one in  F igu re 6- 1 . 

Finding Your Way 

To u se the map, fi rst locate the posit io n  that you want on  the map,  say the 
second  row down and the th i rd box from the r ight .  The  add ress of  that 
s pace on  the text sc reen i s  fou nd by add i ng the row and  col u m n  n u m be rs 
wh ich  a re fou nd to the left of the chosen box and  d i rect ly  above it, i n  t h i s  
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exam p le  1 1 52 + 37 = 1 1 89 .  The hex add ress i s  $48© + $25 = $4A5 .  
(Reme m ber :  $8 + $2 = $A. )  

Example 1 

Use POKE to write "ACROSS" horizonta l ly on  the  text sc reen ,  begi n n i ng 
i n  the t h i rd row and twenty-fi rst co l u m n .  

� � � - - - - - - - - - - - - - - - - - - - - -
s oo � � � w N - � OO � � � w - s � � � � � N - S  
s � � - oo � w s � w s � � N � � N � � w s oo � N  
S N � � OO S N � S N � � OO S N � S N � � OO S N � 

Figure 6-1 . Text/Low-Res memory map. 

(Used with permission of Apple Computer Corporation) 

10 
I I  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
2 2  
23 
24 
25  
26 
27  
28 
29 
30 
3 1  
32  
33 
34 
35  
36 
3 7  
38 
39 

$00 
$0 1 
$02 
$03 
$04 
$05 
$06 
$07 
$08 
$09 
$0A 
$0B 
soc 
$00 
$0E 
$0F 
$ 1 0  
S i l 
$ 1 2  
$ 1 3  
$ 1 4  
$ 1 5  
$ 1 6  
$ 1 7  
$ 1 8  
$ 1 9  
S I A  
S I B  
S I C  
S I D  
S I E  
S I F  
S20 
S2 1 
S22  
S23  
S24 
S 2 5  
$26 
$2 7 
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Solution 

Row th ree, co l u m n  twenty-one corresponds  to the d ec i m a l  add ress 
1 3</J(/J, so we wi l l  POKE the n u meric  va l u es for the lette rs i nto consecu 
t ive memory location s  begi n n i ng there .  We m u st be  ca refu l that the  
sc reen does not sc ro l l  up  wh i le  we a re POKE i ng  the va l ues i n ,  fo r if i t  
d oes, the lette rs we p lace i n  memory wi l l  sc ro l l  a l so .  To p revent the 
sc ro l l i ng, we wi l l  begi n by movi ng the c u rsor to the top of  the  scree n .  
F rom BAS IC enter :  

CALL -936 
POKE 13!£l!£l , 193 
POKE 13!£l1, 195 
POKE 13!£l2 , 21!£l 
POKE 13!£l3 , 2!ll7 
POKE 13!£l4 , 211 
POKE 13!£l5 , 211 

(The H OME routi ne)  
(A) 
(C) 
( R) 
(0) 
(S) 
(S) 

* * * A spec ia l  note fo r you App le  l i e  u sers :  to make th is exam pie work as 
p rom i sed , you m u st have the com p ute r in the 4©-co l u m n  mode.  To 
i n s u re that it is , you may add the fo l lowi ng two POKEs to the begi n n i ng 
of the p reced i ng  l i st .  

POKE 49164 , !lJ  
POKE 49152 , !lJ  

Example 2 

(Set 4©-co l u m n  d i sp lay) 
(Sto re va l ues i n  ma i n 
memory) 

U se Mon itor  to p lace the message DOWN ve rt ica l ly on the sc reen be
g i n n i ng at row two, co l u m n  twenty-fou r, and  i n  F LASH mode.  

Solution 

The ve rt ica l  add resses a re not consecut ive, but with the a id  of the  mem
o ry map and the App le  cha racte r cha rt the proper va l ues a re dete r
m i ned . Type : 

CALL -151 
25 : !ll 
497 : 44 
517 : 4F 
597 : 57 
617 : 4E 

(move cu rsor to top) 
(D) 
(0) 
(W) 
(N )  
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W h i l e  ru n n i ng the p rogram (L i st i ng  6- 1 ) ,  you may have a l so noted that 
after eac h l i ne d rawn on the bottom t h i rd of the  sc reen ,  there was a s l ight 
pause before the fi l l i ng conti n u ed on  the u pper t h i rd .  That happens  be
cause there a re e ight bytes of "phantom sto rage" fo l l owi ng eac h l i ne i n  
t h e  lower port ion . Those bytes ex ist i n  memory, but a re not d i sp layed o n  
t h e  sc ree n .  To i l l u st rate, ca l c u l ate t h e  add ress of t h e  r ight-most box i n  the 
second row from the bottom of F igu re 6- 1 . You shou ld  fi nd it to be 1 872 
+ 39, or 1 , 9 1 1 .  The memory that fo l lows that is the  e ighth l i ne from the 
top wh ich  com mences with location  1 ,  920, so locat ions  1 ,  9 1 2 th rough 
1 ,9 1 9 a re " lost . "  Lost, but not fo rgotten ,  for App le  has  put that wasted 
memory to u se with i n  DOS to remem ber  wh i ch  d rive was most recent ly 
accessed . As a matte r of fact, the next t ime  that you u se you r  d i s k  afte r 
ru n n i ng th i s  p rogram,  you wi l l  not ice that you r d i s k  makes that fea rsome 
gru nti ng no i se  as  i t  reca l i b rates .  

There a re other  games to p lay with  Text, such as savi ng the  com p lete 
sc reen ,  but s i nce Text is so s i m i la r  to Low-Res, we m ight as we l l  d i scuss  
those t r icks u nder  the more co lorfu l gu i se of  . . . .  

Low-Res Graphics 

Although Low-Res graph ics a re not as popu la r  as they o nce were, they sti l l  
have the i r u ses .  Low-Res may be the proper opt ion if you r  major  concerns  
a re s i m p l i c ity, speed , co lor, and memory conservat ion ;  and if the b locky 
natu re of the mode i s  not a deb i l itat i ng  obstac le  to you .  

Low-Res graph ics u se the same area of memory and the same memory 
map as Text, so u se of the two modes i s  s i m i l a r .  A lte r the  program i n  
L i sti ng 6- 1  by chang ing  l i ne 1 0  to read : 

1� GR : REM SET GRAPHI CS DISPLAY 

Ru n the mod ified progra m .  The graph ics screen wi l l  be fi l l ed with pa i rs of 
l itt l e  boxes - a  magenta box on top of a green box . (The p recise co lors 
may va ry with i n d iv id ua l  TV sets . )  The text w indow at the bottom of the  
sc reen wi l l  sti l l  fi l l  w i th  "A' s . "  

Add  a l i ne to  the program : 

15 X = PEEK ( 49234)  

and ru n i t  aga i n .  L i ne  1 5  sets the soft switc h to  d i s p lay fu l l  sc reen graph ics,  
so you wi l l  see the pai rs of b locks a l l  the way down the sc reen with no text 
wi ndow. 

How1d Yau Do That? 

L i ne  30 POKEs the  va l u e  1 93 ($C 1 ) i nto eve ry add ress i n  Low-Res memory .  
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Each byte of Low-Res memory dete rm i nes two co lored b loc ks .  Refe r to the  
Low-Res co lor  cha rt i n  F igu re 6-2 ,  and  you wi l l  fi nd that $C i s  the  Low-Res 
code fo r the l ight g reen b lock, w h i l e  $1 i s  the code fo r the  m agenta b lock .  
In  Low-Res, the bottom b lock i s  dete rm i ned by the l eft- hand n i bb le ,  and 
the  top b lock i s  dete rm i ned by the r ight-hand  n i bb le .  U s i ng o n ly a n i bb le  
to dete rm i ne eac h b lock leads  to  some i nconven ience because memory 
can be contro l led one  byte at a t ime, and no less .  Th i s  means  that ca l c u l at
i ng the  correct com b inat ion of two n i bb les fo r the p roper  two boxes i s  
often confus i ng .  

$0 (0) B LACK 
$ 1  ( 1 ) MAG ENTA 
$2 (2) DARK B L U E  
$3  (3) PU RPLE  
$4 (4) DARK G REEN 
$5 (5) G REY 
$6 (6) M E D I U M  B L U E  
$ 7  (7) L I G HT B L U E  

$ 8  (8) B ROWN 
$9 (9) ORANG E  
$A ( 1 0) G REY 
$B ( 1 1 )  P I N K  
$C ( 1 2)  G RE E N  
$ D  ( 1 3) YELLOW 
$ E  ( 1 4) AQ UA 
$ F  ( 1 5) WH ITE 

Figure 6-2. Low-Res color codes. 

Example 3 

Suppose that you want to p lace a grey b lock ove r a ye l l ow b lock at 
l ocat ion 1 028 .  F i rst, you m u st ca lcu late the va l u e  that wi l l  give you the 
des i red com bi nat i on .  Aga i n  referr i ng  to F igu re 6-2 ,  ye l low i s  co lor  n u m
ber $ D  and grey i s  n u m ber  $5 .  Arrange the d ig its as $D5  so that grey wi l l  
be o n  top, and convert $ D5 to dec ima l  2 1 3 .  From BAS I C  type:  

GR 
POKE 1(328 , 213 

The grey and ye l low pai r of b locks wi l l  appear near the  u ppe r left corner  
of  the  sc reen .  You can u se Mon ito r to ac h i eve the same end by us i ng the 
hex eq u iva lent of  the n u m bers .  Sti l l  from BAS IC,  type:  

GR 
CALL - 15 1 
4(J4 :  D5  

Exper i ment wi th  Low-Res by p lott i ng va r ious  com b inat ions  of  co lored 
b l ocks i n  d iffe rent locations .  

Creating Low-Res Pictures 

C reat i ng a d rawi ng i n  e i ther  Low-Res or  H i -Res req u i res a good dea l  of 
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pre l i m i nary p l an n i ng .  We wi l l  take you t h rough  the p rocess of c reat i ng  a 
Low-Res app le  (what e l se? ! ) .  

T h e  fi rst step i s  t o  make a sketch o f  t h e  figu re, i n  t h i s  case an app le .  
Those of  you that c l a im  no a rt i st ic ab i l ity can fi nd patte rns  to  t race 
c h i l d ren ' s  co lori ng books and c ross-stitc h o r  e m b ro idery patte rns make 
good sou rces of s im p le  figu res .  F igu re 6-3 rep resents the pre l i m i nary 
sketc h of the app le .  

Figure 6-3. A n  apple. 

After you r  sketc h is comp leted to you r  sati sfact ion ,  the  out l i ne m u st be 
b locked to fit with the Low-Res br icks as i n  F igu re 6-4. N otice that the  leaf 
was om itted i n  the b locked figu re; it proved i m poss ib l e  to b lock i n  a 
recogn izab le  man ner .  It is bette r to identify that type of prob lem befo re 
you begi n wo rki ng with the com puter !  

B loc ki ng i s  not as s im p le  as it m ight be s i nce the  Low-Res b locks a re not 
sq ua re .  The he ight of eac h br ick i s  approx imate ly  two-t h i rds  its length ,  and 
that d i sto rt ion  m u st be accou nted fo r .  Pe rhaps the s i m p lest tec h n i q u e  fo r 
p roportio n i ng the b locks i s  to u se ve ry fi ne  graph paper- perhaps ten 
sq ua res to the i n c h - and defi ne each b lock to be th ree sq ua res long  and 
two sq ua res h igh .  P lace you r  sketch ove r the graph  paper  and go ove r the 
out l i ne aga i n  w h i l e  app ly i ng fi rm pressu re with the  pen .  Th is  wi l l  l eave an  
i m press ion  of  you r  out l i ne on  the b lock ing  paper, and  then  you  may 
sq ua re up the out l i ne as in F igu re 6-4 . 
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Figure 6-4. Apple block diagram. 

Next, dec ide wh ich  of the Low-Res co lors you w i sh  to u se i n  you r  app le  
and  i nd i cate them on  you r  b lock d rawi ng. Wi th  a l l  o f  that done,  you  a re 
now ready to beg i n  putt i ng  the p ictu re onto the sc ree n .  The re a re two 
m ethods of accom p l i s h i ng t h i s .  The fi rst tec h n i q u e  is to make use of the  
P LOT, HL I N ,  and VL I N statements and  p lace those with i n  you r p rogram;  
the  second i nvo lves u s i ng  a Low- Res ed ito r p rogram (desc r i bed late r i n  th i s  
.chapte r) To plot the app le  d i rect ly onto the sc reen ,  and  then  reco rd the  
contents of  Low-Res memory. 

Hatching a Plat 

The brute-fo rce method u ses the  PLOT, HL I N ,  and  VL I N com mands ;  s im
p ly  s i t  down with the  b locked figu re and deve lop a l i st s i m i l a r  to  L i sti ng  
6-2 wh ich  c reates the app le  by d rawi ng an  obnox ious  n u m be r  of  ho r izon
ta l  l i nes. 

1� REM PLOT APPLE 



2� REM 
3� GR 
4� COLOR = 4 
5� PLOT 2� , 1� 
6� VLIN 11, 14 AT 21 
7� COLOR = 12 
8� HLIN 17 , 19 AT 13 
9� HLIN 24 , 26 AT 13 
1�� HLIN 16 , 2� AT 14 
11� HLIN 23 , 27 AT 14 
12� HLIN 15 , 27 AT 15 
13� COLOR = 13 
14� HLIN 15 , 26 AT 16 
150 HLIN 15 , 25 AT 17 
16� HLIN 14 , 25 AT 18 
17� COLOR = 9 
18� HLIN 14 , 25 AT 19 
19� HLIN 14 , 25 AT 2� 
2�� HLIN 14 , 26 AT 21 
21� COLOR = 1 
22� HLIN 14 , 26 AT 22 
23� HLIN 14 , 27 AT 23 
24� HLIN 14 , 27 AT 24 
25� COLOR = 3 · 

26� HLIN 15 , 26 AT 25 
27� HLIN 16 , 25 AT 26 
28� HLIN 16 , 25 AT 27 
29� COLOR = 6 
3�� HLIN 17 , 24 AT 28 
3 1� HLIN 17 , 24 AT 29 
32� HLIN 18 , 19 AT 3�  
33� HLIN 22 , 23 AT 3�  
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Listing 6-2. Apple drawn using VLIN and HLIN.  

The PLOT was u sed for the top, VL I N fo r the rema inde r  of the stem ,  and 
s i nce the co lo rs in  the app le  ru n horizonta l l y, H L I N  was u sed fo r the  rest 
of the figu re .  Wh ich  of the com mands  you u se m ost wi l l  depend so le ly  o n  
the  figu re that you want to d raw. Th i s  tec h n i q u e  h a s  o bv ious  d rawbacks i f  
t he  p ictu re i s  com posed of m a n y  i so lated b loc ks and  few horizonta l o r  
vert ica l  l i nes .  I n  any event, i t  i s  q u ite ted ious  for the  programmer; a n  
aspect o n l y  part i a l ly  ba lanced by t h e  effi c iency with w h i c h  t h e  program i s  
executed . 

A va r iat ion on  th i s  tec h n i q u e  i s  to p lace an  H L I N  statement  with i n  a loop 
and read the  i n d iv id ua l  n u m bers from a data tab le  as s h own in L i st i ng  6-3 .  

1 �  GR 
2� COLOR = 4 
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3�  PLOT 2� , 1� 
4� VLIN 11 , 14 AT 21 
5�  COLOR = 12 
6� FOR I = 1 TO 5 
7� READ Xl , X2 , Y 
8� HLIN Xl , X2 AT Y 
9� NEXT I 
1�� COLOR = 13 
11� FOR I = 1 TO 3 

3 5 �  DATA 17 , 19 , 13 , 24 , 26 , 13 , 16 , 
2� , 14 , 23 , 27 , 14 , 15 , 27 , 15 

36� DATA 15 , 26 , 16 , 15 , 25 , 17 , . . .  

Listing 6-3. 

A lthough th i s  i s  eas ie r  for the p rogra m mer, the advantage of speedy 
execut ion has been sac rif iced . U n less the program i s  to be ru n o n ly a few 
t imes, it is u sua l ly  bette r fo r the p rogram mer  to expend the  extra effo rt i n  
o rde r  to en hance the effi c iency of the execut io n .  

Dealing with Memory 

The bas ic scheme beh i nd th i s  second tec h n iq u e  and  its va r iat ions  i s  to 
d raw you r figu re on  the sc reen i n it ia l ly, and  then save the contents of Low
Res screen memory. Then ,  when you wish  to u se that figu re i n  a p rogram,  
you  need on ly  rep lace the contents of  memory w i th  the data a l ready 
saved . 

The  fi rst step i s  to d raw you r  p ictu re on  the scree n .  Th i s  may be done 
us i ng  PLOT, H L I N ,  and VL I N as i n  the prev ious  d i scu ss ion ,  o r  by  u s i ng a n  
ed i to r .  An ed ito r i s  a p rogram wh ich  s i m p l i fi es c reati ng, a lte ri ng, and  
savi ng  e ither  text o r  graph ics .  A sam p le  Low-Res ed ito r i s  p rovided i n  
L i st i ng  6-4 . The  ed ito r wi l l  l et you  p lot and  e rase b locks i n  any of  the Low
Res co lors anywhere on the sc reen ,  except in the  bottom fou r  l i nes of text . 

1� HOME : GR 
2� PF = � : X  = 2� : Y  = 2� 
3� GOSUB 23� 
4� C = PEEK ( 49152 ) : IF C > 127 THEN 

C$ = CHR$ ( C-128 ) : POKE -16368 , � :  
GOTO 6� 

5� PLOT X , Y :  COLOR = � :  PLOT X , Y :  
COLOR = CN : GOTO 4� 



60 REM 
70 IF  PF THEN PLOT X , Y : PF = 0 
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80 IF  C$ = "J"  AND X > 0 THEN X X-1 : 
GOTO 190 

90 IF  C$ = " I "  AND Y > 0 THEN Y Y-1 : 
GOTO 190 

100 IF  C$ = "K" AND X < 39 THEN X X + 1 :  
GOTO 190 

110 IF  C$ = "M" AND Y < 39 THEN Y Y + 1 :  
GOTO 190 

120 IF  C$ = "U" AND X > 0 AND Y > 0 THEN 
X = X- l : Y  = Y-1 : GOTO 190 

130 IF  C$ = "0"  AND X < 39 AND Y > 0 THEN 
X = X + l : Y  = Y-1 : GOTO 190 

140 IF  C$ = " , " AND X < 39 AND Y < 39 THEN 
X = X + 1 :  Y = Y + 1 :  GOTO 190 

150 IF  C$ = "N" AND X > 0 AND Y < 39 THEN 
X = X-l : Y  = Y + 1 :  GOTO 190 

160 IF  C$ "P"  THEN PF = 1 :  GOTO 190 
170 IF  C$ = "Q" THEN GOTO 280 
180 IF  C$  = " C "  THEN GOSUB 230 
190 GOTO 40 : REM BACK TO TOP OF LOOP 
200 REM 
210 REM SET COLOR 
220 REM 
230 VTAB ( 24 ) : INPUT "NUMBER FOR NEW 

COLOR : ? " ; CN$ 
240 CN = VAL ( CN$ ) : IF CN < 0 OR CN > 15 

THEN PRINT CHR$ ( 7 ) : GOTO 230 
250 PRINT : PRINT : PRINT : PRINT 

" COLOR = " ;  CN 
260 COLOR = CN 
270 RETURN 
28i;l REM 
290 REM 
300 PRINT "QUIT? ( Y/N ) " ; : GET R$ 
310 IF R$ < > "Y" GOTO 40 
320 END 

Listing 6-4. Low-Res editor. 

Th i s  ed ito r is not e laborate, but it does g ive you the fu nction s  necessa ry 
to p lot and  edit  p ictu res on  the Low-Res sc reen ,  and  it i s  easi ly  mod ified to 
s u it you r  i n d iv id ua l  req u i rements . 

When you ru n the ed itor, you wi l l  fi rst be asked to e nte r the n u m ber of 
the co lor  to be p lotted . The com puter wi l l  ask :  

NUMBER FOR NEW COLOR : ?  
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Type the dec ima l  n u m be r  fo r the co lor  you want (see F igu re 6-2} and then  
p ress retu rn . You  wi l l  t hen  see  a f las h i ng cu rso r i n  the cente r  of  the sc reen .  
The c u rsor may be m oved anywhere o n  the sc reen by u s i n g  the  keys 
shown be low. 

u I 

\ I 

\ / 

\ / 

\ ! /  

() 

J - - - - * .. ··· - ·- ·+: 

/ ! \  

/ \ 

I \ 

/ \ 

Figure 6-5. Cursor movement. 

The I ,  M, J, and K keys move the cu rso r u p, down,  l eft, and  r ight; the U ,  
0, N ,  a n d  , keys move t h e  cu rso r  d iagona l ly  a s  i nd i cated . Try i t ! ! 

The  ed ito r  a l so u ses the P, C, and  Q keys . To p lot a poi nt, p ress P and  
then move the  cu rso r ou t  o f  the way . Press C and  you  wi l l  be  g iven the  
opportu n ity to  set the co lor  as you  d i d  at the begi n n i ng of  the p rogram . 
P ress Q, and  you wi l l  be asked 

QUIT?  ( Y/N ) 

Press Y if you wish  to q u it and  N if you do not .  

Any co lor  b lock may be e rased by s im p ly  cover i ng  the offe n d i n g  b lock 
with the c u rso r. That makes e ras i ng ve ry s i m p l e - somet imes  too s i m p le ,  
but you wi l l  get u sed to it . U se the ed i tor  to copy the app le  from F igu re 
6-4. 

Saving Figures 

Now that you have a p ictu re on  the screen ,  you p robab ly  wou ld l i ke to be 
ab le  to save it .  Assu m i ng that you have a d i s k  d r ive, type 



BSAVE APPLE , A$400 , L$400 

C H A PT E R  6 - T EXT ANO LOW- R E S  5 1  

This  statement cau ses the com pute r to save $400 bytes of memory beg in 
n i ng wi th  locat ion $400 . The A paramete r i n d icates the sta rt i ng  add ress, 
and the L paramete r gives the length of the memory ra nge to be BSA VE . 
The Low-Res sc reen memory beg i n s  at $400 and  i s  $400 bytes long .  I f  you 
do not care to work in hex, you may type 

BSAVE APPLE , A1024 , L1024 

and do the same t h i n g  s i nce $400 eq ua l s  1024 . 

With the sc reen safe ly saved on  the d i sk,  you may reca l l  it at any t ime .  
To demonstrate, type:  

BLOAD APPLE 

and the app le  wi l l  reappear on the sc ree n .  The A and  L parameters m ay be 
u sed with B LOA D, but they are not necessary. 

You may B LOAD the p ictu re from with i n  a BAS I C  program by i n se rt i ng  a 
l i ne i n  the program s i m i l a r  to l i ne 1 5  be low.  Load the Low-Res editor and 
type the fo l lowi ng :  

15 PRINT CHR$ ( 4 ) "BLOAD APPLE" 

When you ru n the ed ito r it wi l l  now load the app le  p ictu re automatica l ly .  
Th i s  i s  handy if you wish  to re-ed it an  ex i st i ng  p ictu re .  

I f  you do not have a d i s k  d rive, you  can  save the sc reen memory on 
cassette tape by us i ng the Mon ito r .  Type:  

CALL -151 
400 . 7FFW 

to te l l  Mon ito r to write (hence the W) the range of memory from $400 
t h rough $7FF onto the tape . To i n su re an accu rate record i ng, it is a wise 
idea to put the tape on  " record" and let it ru n fo r a few seconds  between 
press i ng  the W key and the retu rn key . Afte r the Low-Res sc reen i s  saved 
on the tape, you can rewind  the tape and  load it from Mon ito r by typi ng 

400 . 7FFR 

The fo rmat is the same as the Write com mand ,  except the W i s rep laced by 
the R or REA D  com mand .  

· 

If you have saved and loaded the sc reen as suggested,  you may have 
noticed that when the sc reen is loaded, it br i ngs with it some ga rbage i n  
the text w indow. T h e  BSAVE com mand saves t h e  who le  sc reen ,  i n c l u d i ng 
whateve r text was i n  the text w indow at the t ime .  That may be c i rcum
vented by  writ i ng a short BAS IC  program to  fi rst c l ear  the  text wi ndow and  
t hen  save the sc ree n .  That program i s  l eft to  the  reade r  a s  an  end o f  t he  
chapte r exe rc i se .  
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Vocabulary 

B LOAD 

BSAVE 

Ed ito r 

H I M EM 

H L I N  

PLOT 

.VL I N 

Exercises 

1 .  Convert the fo l lowi ng Low-Res co lor  pai rs i nto the hex va l u e  
necessa ry to p lot t h e  fi rst ove r t h e  secon d .  

a .  dark  b l u e/green d .  o range/pu rp le  

b .  g reen/ l i ght b l u e  e .  b rown/b lack 

c .  aq ua/pi n k  f. b lack/brown 

2. Conve rt the co lor  pai rs i n  Exe rc i se 1 to the i r dec i m a l  va l ues .  

3 .  U se the POKE statement to p lot the fo l lowi ng co lo r  pai rs at  the  g iven 
l ocat io n .  The locat ion  i s  g iven by i t s  row and  co l u m n  o n  the sc reen 
and  memory map (see F igu re 6- 1 ) . 

a .  wh ite/g reen at row 5, co l u m n  2© 

b .  o range/b lack  at row 1 9, co l u m n  1 © 

c .  aq ua/pi n k  at row 1 ©, co l u m n  1 2  

4 .  U se Mon ito r to pe rform the p lott i ng  d i scu ssed i n  Exerc i se 3 above . 

5 .  U se the PO KE com mand  to p l ace the message " H I -SCORE" i n  the  
bottom r ight corner  of  the Low-Res text wi ndow. 

6. Write a .BAS I C  p rogram to BSAVE the Low-Res screen after c l ear i ng 
the  text w indow. 

7 .  Des ign and p lot a p ictu re of a spacesh i p  on  the Low-Res sc reen .  

8 .  Save the figu re p lotted i n  Exe rc i se 7 u s i n g  BSA V E  (o r the Mon itor  
Write com mand) . 
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Preserving Your 
Pictures 

Objectives 
After read i ng Chapte r 7 you shou ld  be ab le  to : 

• Save the  Low-Res sc reen us i ng BSAVE,  pr i nt a l i st of va l u es, write the  
l i st of  va l ues to  a text fi l e  on  d i s k, o r  c reate a text fi l e  of  DATA 
statements on d i sk .  

• Rep lace a figu re o n  the Low-Res sc reen by u s i ng B LOAD, read the  text 
fi l e  of va l u es from d i s k  and  POKE them i nto sc reen memory, POKE 
va l ues from DATA statements - either  keyed or  EXECed � nto the  p ro
g ram,  or load the sc reen va l ues i nto a safe memory a rea and  then 
copy those va l ues to Low-Res sc reen memory .  

I n  Chapte r 6 you d i scove red how to save the  Low-Res sc reen us i n g  
BSAVE or  the Mon ito r WRITE com mand . Both m ethods were s i m p le, b u t  
they both have the same  d rawback-they often save a great d e a l  o f  em pty 
space . S i nce d i s k  space is a p rec ious  com m od ity, we wi l l  devote t h i s  
chapte r t o  d i scuss i ng  a lte rnate methods fo r savi ng  you r  p ictu res .  

Scanning Memory 

One a l te rnate method of sav i ng  you r  p ictu re i s  to record wh ich  bytes of 
Low-Res memory a re tu rned "on ,"  and  what va l ues they conta i n .  I n  the  
app le  p ictu re i n  Chapter 6, on ly  about  one  of  every ten bytes contai n s  a 
non-zero va l ue .  That i s ,  n i ne-tenths of the sc reen i s  b l an k, and we a re 
i nte rested o n l y  i n  the non-b l ank  port ions-those that a re d i sp l ay ing  a 

53 
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co lor .  The fo l lowi ng p rogram sea rches t h rough  Low-Res memory and  
p ri nts a l i st g iv i ng the locat ion of  eve ry non-zero byte and  its add ress .  The 
p rogram p resu mes that you r  pr i nte r i s  i n  s lot 1 ,  but that may be changed 
by a lte ri ng the va l u e  ass igned to SL i n  l i ne 4(/J . I f  you do  not have a p r i nter, 
set SL eq ua l  to Ill . 

10 REM PRINT LOW-RES VALUES 
20 REM 
30 RE_M 
40 SL = 1 :  REM SL PRINTER SLOT # 
50 PR# SL 
60 REM 
70 REM 
80 FOR I = 1 TO 20 
90 READ S :  REM STARTING ADDRESS OF 

SCREEN LINE 
� 

100 FOR L = S TO S + 39 
110 IF PEEK (L )  < > 0 THEN PRINT L ; 

I I ' I I ; PEEK ( L ) : COUNT = COUNT + 1 
120 NEXT L 
130 NEXT I 
140 PRINT "COUNT = I I ; COUNT ; "EOJ" 
150 PR# 0 
160 END 
170 REM 
180 REM DATA TABLE 
190 REM 
200 DATA 1024 , 1152 , 1280 , 1408 , 1536 
210 DATA 1664 , 1792 , 1920 , 1064 , 1192 
220 DATA 1320 , 1448 , 1576 , 1704 , 1832 
230 DATA 1960 , 1104 , 1232 , 1360 , 1488 

Listing 7-1 . Low-Res scan #1 . 

The p rogram u ses a data tab le  to st ra ighte n out  the convo l utions  of sc reen 
memory .  Eac h p iece of data rep resents the sta rt i ng  add ress fo r a l i ne on 
the  screen (see F igu re 6- 1 ) , and  the  4(/) bytes begi n n i ng with eac h of those 
add resses a re scan ned by the FOR-N EXT loop in l i nes 1 (/J(/J th rough  1 2(/J .  
Th i s  method scan s  the sc reen from top to  bottom ,  and  wi thout  sca n n i ng 
the  memory wh ich  i s  not d i sp layed . L i ne  1 1 (/J p ri nts the  locat ion ( L ) and  
conte nts ( PEEK L )  of  any non-zero byte, and  i nc rements a cou nte r .  O n ly 
the  top 2(/) l i nes a re sca n ned,  so none  of the va l ues i n  the text wi ndow a re 
p ri nted . After the sca n n i ng i s  com p l ete, l i ne 1 4(/J pr i nts the n u m ber  of "on "  
bytes ,  and  an  end  of job  message . Sca n n i ng t h e  a p p l e  wi l l  g ive you a l i st of 
c lose to 1 (/)9 add resses and  va l u es,  depe n d i n g  on where you p l aced you r  
app le  o n  the  sc reen .  

Try the p rogra m  out by load i ng it i nto memory and  then  typ i ng :  



GR 
BLOAD APPLE 
RUN 
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Th i s  wi l l  ( 1 ) set the g raph ics sc reen ,  (2) l oad the p ictu re of the app le  back 
o nto the sc reen from d i sk, and  (3)  ru n the  p rogram i n  memory (hopefu l ly 
L i st i ng  7- 1 ) .  The l i st of add resses and  va l ues wi l l  appear o n  you r pr i nte r .  I f  
it does not, check you r  p rogram aga i n st L i st i ng  7- 1 and  make s u re that 
you have the pr i nte r s lot ass igned correct ly  i n  l i ne 40. 

What ta Do with Data 

The l i st of add resses and  va l ues pr i nted by the Low-Res sca n #1  may be 
w ritten i nto a p rogram as a data tab le  and  POKEd back i nto memory u s i ng 
a BAS I C  su brout i ne s i m i l a r  to : 

l(il(il(il FOR I = 1 TO l(il7 
1(il1(il READ L , V :  POKE L , V  
1(il2(il NEXT I 
l(il3(il RETURN 
1(il4(il DATA 1684 , 4 , 1685 , 64 , 1809 , 192 , 

Listing 7-2. 
The data va l u es in l i ne 1 040 a re those generated from L i sti ng  7- 1 . Th i s  
method has the  advantage of  not u s i ng  u p  d i s k  space, but  i t  has p robab ly 
occu rred to you that e nte ri ng  a l l  of  those data va l ues by hand  i s  ve ry 
i neffi c i ent, not to ment ion  bor i ng  and  p rone  to e rro r .  We have two a lte rna
t ives fo r those of you with a d i s k  d r ive .  

The Data File 

I n stead of pr i nt i ng  the add resses and  va l ues o n  paper, you can write them 
to a text fi l e  o n  the d i sk .  Load Low-Res Scan #1  ( L i st i ng 7- 1 )  and  then  type 
the  fo l lowi ng  l i nes to mod ify i t .  

1(il REM WRITE DATA FILE 
3 5  D$ = CHR$ ( 13 )  + CHR$ ( 4 )  
4(ll INPUT "FILENAME : " ; FL$ 
45  PRINT D$ "OPEN" FL$ 
5(il PRINT D$ "DELETE" FL$ 
55  PRINT D$ "OPEN" FL$ 
6(il PRINT D$ "WRITE" FL$ 
1l(il IF  PEEK ( L )  < > ill THEN PRINT ,L : 

PRINT PEEK ( L )  
14(il PRINT "* " 
15(il PRINT D$ "CLOSE" FL$ 
155  PRINT CHR$ ( 7 ) : REM BEEP SPEAKER 

Listing 7-3. Low-Res Scan #2 (modifications only]. 
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T h i s  mod ificat ion  wi l l  c reate a data fi l e  on the d i s k  wh i ch  conta i n s  the 
sam e  l i st of  add resses and  va l u es that you pr i nted out wi th  Low-Res Scan 
#1 . L i ne  40 req u i res that you g ive the data fi l e  a name,  and  l i ne 1 40 pr i nts 
an " * "  to mark  the end  of the fi l e .  To test the p rogram ,  load it i nto 
memory and  type :  

GR 
BLOAD APPLE 
RUN 

So that you r  fi l ename is the same  as the one  u sed i n  the  next exam ple ,  
e nte r APPLE . OTA when the com puter req u ests a fi l ename .  After that, the 
d i sk  wi l l  sp in  i nterm ittent ly as the sc reen memory i s  bei ng  scan ned and 
saved ;  the speake r wi l l  beep to s igna l  the end  of  the ru n .  

The  data may be read from the  fi le  APPLE .  OT A and  PO K Ed i nto the 
p roper locations  by u s i ng a s u b rout i ne such  as :  

1000 GR 
1010 D$ = CHR$ ( 13 )  + CHR$ ( 4 )  
1020 FL$ = "APPLE . DTA" 
1030 PRINT D$ "OPEN" FL$ 
1040 PRINT D$ "READ" FL$ 
1050 INPUT L$ 
1060 IF  L$ = "* " GOTO 1110 : REM THE 

* . MARKS THE END OF THE FILE 
1070 L = VAL ( L$ )  
1080 INPUT V 
1090 POKE L , V  
1100 GOTO 1050 
1110 REM 
1120 PRINT D$ "CLOSE" FL$ 
1130 RETURN 

Listing 7-4. 

To test th i s  su brout i ne,  ente r it and  these extra l i nes .  

10 REM YOUR PROGRAM 
20 GOSUB 1000 
3 0 END 

When you ru n the p rogram,  the g raph ics sc reen wi l l  be set and  c l ea red,  
then  the d isk wi l l  sp i n ,  and  the app le wi l l  appear .  I f  you r  data fi l e  i s  not 
ca l l ed APPLE . OTA, change l i ne 1 030 to ass ign  FL$ the  p roper  name .  

Th i s  method i s  n ice because you  do  not have to  key i n  the  l a rge 
amou nts of data, but u nfo rt unate ly d i s k  access is ve ry s low and  de lays the  
execut ion of  the p rogram wh ich  u ses the g raph ics .  Moreover, t h i s  p roce
d u re not o n ly req u i res that the u se r  have a d i s k  d rive, but a l so opens  a 
Pandora 's  box of p rob lems  such  as havi ng the d i s k  i n  a d iffe rent d r ive or  
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s lot . To remedy those p rob lems  we p resent a s l ight ly  more com p lex tech
n iq ue .  

Using EXEC 

What you wi l l  do here i s  c reate a text fi l e  of DATA statements o n  d i s k  
w h i c h  m ay be  EXECed i nto any p rogram that you  l i ke .  Each reco rd i n  t he  
text fi l e  wi l l  conta i n a l i ne n u m be r  fo l lowed by  the  DATA statement wh ich ,  
i n  tu rn ,  i s  fo l lowed by  ten pai rs o f  e ntr ies w h i c h  a re the l ocat ions  and  
va l ues o f  the bytes u sed i n  sc reen memory .  The l ast DATA statement may 
conta i n  less than  the 2© e ntr ies the othe rs have . The l i ne n u m bers fo r the 
DATA statements wi l l  begi n at  1 ©©©© and  i nc rement by two; the set  of 
va l ues i n  the DATA statements wi l l  be the  same as those pr i nted with Low
Res Scan #1 . 

Load the p rogram from L i st i ng  7- 1 o nce aga i n ,  then e nte r the  fo l l ow ing  
statements to  mod ify i t .  

10 REM CREATE EXEC FILE 
3 5  D$ = CHR$ ( 13 )  + CHR$ ( 4 )  
40 INPUT "FILENAME : " ; FL$ 
45  PRINT D$ "OPEN" FL$ 
50 PRINT D$ "DELETE" FL$ 
55  PRINT D$ "OPEN" FL$ 
60 PRINT D$ "WRITE" FL$ 
70 LN% = 10000 : Cl = 1 
104 IF  PEEK ( L )  = 0 GOTO 120 
106 COUNT COUNT + 1 
108 IF  Cl = 1 THEN PRINT LN% ; "DATA" ; 
110 IF  Cl > 1 THEN PRINT I I ' I I ; 
112 PRINT L ; " , " ;  PEEK ( L ) ; : Cl = Cl + 1 
114 IF  Cl > 10 THEN Cl = l : LN% = LN% + 2 :  

PRINT 
140 PRINT D$ "CLOSE" FL$ 
15YJ PRINT CHR$ ( 7 ) ; "COUNT = "  ; COUNT ; "EOJ " 

Listing 7-5. Low-Res Scan #3 [modifications only]. 

L ine  4© req u i res that you ente r a name fo r the fi l e  bei n g  c reated . L i ne 7© 
sets the l i ne n u m be rs to begi n at 1 ©©©© ( LN% = 10000 ) ,  and  l i ne 1 1 4 
i nc rements eac h l i ne n u m ber  by 2 (LN% = LN% + 2) . 

With t h i s  rout i ne  i n  memory, c reate the text fi l e  fo r the  app le  figu re by 
typ i ng :  

GR 
BLOAD APPLE 
RUN 

When asked fo r a fi l ename, e nte r APPLE . EXC .  The d i s k  wi l l  behave ve ry 
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m uc h  l i ke it d id when you c reated the data fi le  u s i ng  the p rev ious  method . 
When the p rogram i s  fi n i s hed ,  the  speaker wi l l  beep and  the com puter wi l l  
p ri nt the tota l n u m ber  of bytes that it saved -write th i s  n u m be r  down 
somep lace.  APPLE . EXC i s  a text fi l e  wh ich  conta i n s  a n u m ber  of DATA 
statements, com p lete with l i ne n u m bers .  Those DATA statem ents may be 
easi l y  appended to you r p rograms .  To demonstrate, type :  

NEW 
lYJ GR 
2Y, COUNT = xxx 
3Y' FOR I = 1 TO COUNT 
4Y, READ L , V :  POKE L , V  
5YJ NEXT I 
lYJYJ END 

EXEC APPLE . EXC 

The va l u e  ass igned to COU NT i n  l i ne 2(/) shou ld  be the n u m ber  you wrote 
down afte r ru n n i ng L i st i ng 7-5,  for that is the n u m ber  of data bytes i n  the  
app le  figu re .  

W h e n  t h e  d i sk stops sp i n n i ng, type: 

LIST 

and you wi l l  see the p rogram l i nes you ente red a bove p l u s  seve ra l DATA 
statements begi n n i ng at l i ne 1 (/Jf/Jf/Jf/J . 

When you are ready, type:  

RUN 

and the com pute r wi l l  d raw the  app le  on the Low-Res sc ree n .  

S i nce the DATA l i nes a re now part of the code, the program does not 
need to access the  d i s k  fo r the  locat ions and  va l ues .  Th i s  e l i m i nates the  
d iffi cu lt ies i n herent  i n  us ing  d i sk  data fi les .  

We have a l ready stored the data fo r a figu re in  two p laces -the d i sk  and 
the p rogram code .  There i s  yet another  p lace to store that i nfo rmat ion ,  and 
that i s  with i n  the com pute r itse lf. 

Moving Memory 

What we wi l l  do i s  sto re the enti re app le  sc reen i n  memory somewhere 
other  than the Low-Res sc reen memory area . Then when you wish  to 
d i sp lay the figu re, you need o n ly copy the i nfo rmatio n  from the sto rage 
a rea to Low-Res memory .  We wi l l  perform the copyi ng  fu nct ion us i ng a 
BAS I C  rout i ne,  and  then a l so do it us i ng a mac h i ne  l anguage su brout i ne .  

The  fi rst task i s  to  load the app le  figu re i nto a safe, u n u sed memory 
range . We wi l l  u se the top $4(/)(/) bytes of u se r  memory, from $92(/)(/) to 
$95 FF  (373 76- 38399) . The add resses g iven here a re fo r a 48 K App le  I I + ,  
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and wi l l  need to be adj usted if you have less memory i n  you r m_ac h i ne .  
You may dete rm i ne the h ighest usab le  memory add ress by referr i ng to the 
App le  DOS 3 . 3  manua l ,  page 1 42 ,  or  by booti ng you r  system and typ i ng:  

PRINT PEEK ( 115 ) + 256*PEEK ( 116 ) 

I f you r com puter i s  an  App le  I I  with I NTEG E R  BAS IC  i n  ROM, you wou ld 
type :  

PRINT PEEK ( 76 )  + 256*PEEK ( 77 )  

T h e  n u m be r  you get a s  a resu lt i s  the  add ress of t h e  "top" of ava i l ab le  
memory .  To fit you r Low-Res sc reen data i n  be low that l ocat ion ,  su btract 
1 024 ($400) to get the sta rti ng add ress of you r  sto rage area . M u lt i p le  
screens  may be sto red one be low the other  by a l lowi ng  1 024 bytes fo r 
eac h sc ree n .  

Load i n g  t h e  app le  f igu re at $9200 i s  eas i ly  acco m p l i s hed by: 

BLOAD APPLE , A$9200 

or 

BLOAD APPLE , A37376 

If you have the app le  f igu re sto red on tape, ente r Mon itor and  type : 

9200 . 95FFR 

After the  app le  has been loaded i n  the  proper locat ion ,  you need to reset 
H IMEM so that you r BAS IC  program does not ove rwrite you r  data and 
red uce you r p ictu re to  app lesauce !  F rom BAS IC  type: 

HIMEM : 37375 

To get a prev iew of the speed of mov ing  memory, ente r Mon ito r and type : 

400 < 9200 . 95FFM 

and,  than ks to the Mon ito r MOVE com mand ,  you wi l l  see the app le  . . .  i n  a 
flas h !  

T h i s  e nt i re p roced u re was accomp l i s hed i n  you r  com pute r' s i m med iate 
execution  mode, but now we need a p rogram to do the same th i ngs .  
L ist i ng  7-6  i s  des igned to  do j u st that from APPLESOFT.  

5 REM MOVE THE APPLE 
6 REM USING POKE 
7 REM 
10 HIMEM : 37375 
20 D$ = CHR$ ( 13 )  + CHR$ ( 4 )  
30 PRINT D$ ;  "BLOAD APPLE , A37376" 
40 SOURCE = 37376 
50 GR 
60 FOR I = 0 TO 1023 
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70 POKE 1024 + I ,  PEEK ( SOURCE + I )  
80 NEXT I 
90 END 

Listing 7 -6. BASIC memory move. 

L i n e  1 0  sets H I M EM down be low the a rea needed to sto re o u r  app le  
data i n  o rder  to c reate a safe a rea of  memory .  L i ne  30 loads  the data i nto 
that protected a rea, and l i ne 4© sets the va r iab le  SOU RCE eq ua l  to the 
add ress of  the fi rst byte of data . After the graph ics mode i s  set, l i nes 6© 
t h rough 80 read the data from the sou rce a rea and  PO KE it i nto the sc reen 
memory a rea. When I eq ua l s  <ll , l i ne 70 PEEKs at the beg i n n i ng add ress of 
the data (SO U RC E  + <lJ eq ua l s  37376) ,  and  POKEs that va l u e  i nto the  fi rst 
byte of sc reen memory ( 1 024 + 0) . When I eq ua l s  1 ,  l i ne 7© PEEKs at the 
second byte of the  data (SO U RCE + 1 eq ua l s  373 77) and  PO KEs that va l u e  
i nto 1 ©2 5 .  T h e  loop cont i n ues u nt i l I eq ua l s  1 ©23 ,  at w h i c h  t i me  the 
contents of  locat ion 38399 i s  POKEd i nto locat ion 2047 .  

When you ru n the p rogram,  you wi l l  see that it does  as p ro m i sed, but 
the t ime needed to com p lete the memory transfe r i s  gruesome .  

O nce aga i n  a mac h i ne language rout i ne comes  to  the rescue .  Ru n the  
p rogram from L i st i ng  7-7 (a  mod if icat ion of  L i st i ng  7-6) . I t  PO KEs a m a
c h i ne code su brout i ne i nto memory i n  l i ne 40, and the add ress of the  data 
a rea i n  l i ne 45 . L i ne  7© CALLs the  rout i ne,  and the app le  appea rs r ight 
befo re you r  b loodshot l itt l e  eyes ! This  rout i ne  i s  very conve n ient to u se i n  
you r own p rograms  because the su brout i ne and one o r  more p ictu res m ay 
be loaded i n  advance, and  d i sp layed q u ick ly  and  easi ly  by u s i ng the  com
mands in  l i nes 45 and  7©.  

5 REM MOVE THE APPLE 
6 REM USING MACHINE CODE 
7 REM 
10 HIMEM : 37375 
20 D$ = CHR$ ( 13 )  + CHR$ ( 4 )  
30 PRINT D$ ; "BLOAD APPLE , A37376" 
40 FOR L = 768 TO 795 : READ V :  

POKE L , V :  NEXT L 
45  POKE 252 , 0 : POKE 253 , 146 
50 GR 
60 REM GET READY 
70 CALL 768 
80 REM TA DA ! ! 
90 END 
100 DATA 169 , 0 , 133 , 254 , 168 , 169 , 

4 ,  133 , 2 5 5 , 170 , 177 , 252 , 145 
110 DATA 254 , 200 , 208 ,  249 , 202 ,  240 , 

7 ,  230 , 253 , 230 , 255 , 76 , 10 , 3 ,  96 

Listing 7-7. Memory move using CALL. 
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T h e  POKEs i n  l i ne 4 5  a re ve ry i m portant becau se they p rov ide the  s u b
rout i ne  with the  sta rt i ng  add ress of the data a rea.  I f  the d ata a rea beg i n s  at 
a d iffe rent l ocat ion ,  then  you wi l l  have to adj u st these POKEs.  The way to 
ca l c u l ate the va l ues is to write down the  sta rt i ng  add ress i n  h ex ($9200) , 
separate the  two bytes so that it looks l i ke 92 00, and  convert eac h byte to 
dec ima l : $92 = 9 *  1 6  + 2 = 1 46, $00 = 0 .  Those a re the  two va l ues to 
be POKEd i nto 252  and  253 ,  but they m u st be PO KEd i n  the correct o rder  
o r  strange t h i ngs wi l l  happe n .  App le  wants you to g ive it the  r ight-hand  
( low o rder) byte fi rst and then the  l eft-hand  ( h igh  o rder) byte - a  consp i r
acy known as Lo-byte/H i -byte - so the  0 i s  p laced i n  252  and  the 1 46 i n  
253 .  

Example 1 

S u ppose that the  su b rout i ne  i n  L i st i ng 7-7 has a l ready been POKEd 
i nto memory, and that you want to d i sp l ay a p ictu re wh ich  i s  sto red at 
$8E©C. 

$8E = 8*16 + 14 142 
$�C = �*16 + 12 12 

so you wou ld 

POKE 252 , 12 :  POKE 253 , 142 
CALL 768 

A fu rther  note of cauti o n :  The sta rt i ng  add ress m u st be POKEd j u st p r io r  to 
CALL i ng  the  su brout i ne .  APPLESOFT u ses locatio n  253  fo r sc ratch pad 
memory, so afte r the  CALL  is executed BAS I C  c lobbers whatever va l u e  you 
had i n  there .  

Sound Assembly1 Bugler 

I f  you speak assem b ly  l anguage, L i st i ng  7-8 m ay be of i nterest. I t  i s  the 
assemb ly  l i st i ng  of the su brout i ne used in L i st i ng  7-7.  

�3��- A9 �� 
�3�2- 85  FE 
�3�4- A8 
�3�5- A9 �4 

SOURCEL EPZ $FC 
SOURCEH EPZ $FD 
DES TL EPZ $FE 
DES TH EPZ $FF 

; INITIALIZATION 

LDA 
STA 
TAY 
LDA 

#�� 
DES TL 
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�3�7- 85  FF STA DES TH 
�3�9- AA TAX 

; BEGIN LDA/STA LOOP 

�3�A- Bl FC LOOPTOP LDA ( SOURCEL ) , Y  
�3�C- 9 1  FE STA ( DESTL ) , Y  
�3�E- C8  INY 
�3�F- D� F9 BNE LOOPTOP 
�3 11- CA DEX 
�312- F� �7 BEQ STOP 
�314- E6 FD INC SOURCEH 
�3 16- E6 FF INC DES TH 
�3 18- 4C �A 
�3 JMP LOOPTOP 
�3 1B- 6� STOP RTS 

END 

Listing 7 -8. Assembly language subroutine. 

I n  essence, th i s  rout i ne  takes $4�� bytes of memory from the sou rce ra nge 
and  copies it i nto the Low-Res page 1 a rea .  

Wrapping Up 

By now yow have p ro bab ly  learned more than you eve r wanted to know 
about  Low-Res g raph ics ,  but do not despai r, as many of the same concepts 
wi l l  app ly  i n  H i -Res g raph ics as we l l .  We have shown you how to contro l  
the i n d iv i dua l  u n its of  the  Text and  Low-Res sc reens ,  and  how to  c reate, 
save, and  reca l l  p ictu res on the G raph ics sc ree n .  Eac h of the  va r ious  
tec h n iq u es d i scu ssed has i t s  pecu l i a r  adva ntages and d i sadvantages - some 
a re faste r than others, some u se more memory, some req u i re d i sks, and  so 
fo rt h .  I t  is up to you ,  the p rogram mer, to choose the method best su ited to 
you r  app l i cation . 

Vocabulary 

B LOAD 

BSAVE 

Ed ito r 

EXEC 

H IM EM 

Lo-byte/H i -byte 

PLOT 
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1 .  Des ign and  p lot a p ictu re of a spaces h i p  o n  the Low-Res scree n .  

2 .  Save t h e  f igu re p lotted i n  Exe rc i se 1 u s i ng :  

a .  The method of  Low-Res scan #2  (L i st i ng  7-2) . 

b .  The method of Low-Res scan #3 (L i st i ng  7-3) . 

3 .  D raw the  figu re saved i n  Exercise 2 by: 

a. Us i ng  B LOAD (o r Mon ito r' s READ com mand ) . 

b .  Writ i ng  a BAS I C  p rogram to i n put  and  p lot the data gene rated i n  
Exe rc i se 2a .  

c .  EXECi ng the DATA statements generated i n  Exe rc i se 2 b  i nto a 
BAS IC  p rogram . 

d .  Load i ng the  figu re i nto a safe a rea of memory and  u s i ng  the 
memory move given in L i st i ng  7-6.  
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Hi-Res Graphics 

Objectives 
After read i ng Chapte r 8 you shou ld  be ab le  to : 

• Calc u l ate the add ress fo r any  byte on  the H i -Res scree n .  

• Calc u l ate t h e  va l ue needed to p rod uce a g ive n dot patte rn i n  a byte, 
a n d  u se both BAS I C  and Mon ito r to p lace that va l u e  i n  H i -Res sc reen 
memory .  

• Des ign ,  d i g it ize, and  d i sp lay s i m p le  figu res i n  H i - Res .  

A l a rge pe rcentage of the com merc ia l  software written fo r pe rson a  I com
puters today u ses H i -Res graph ics .  Games, g raph i ng packages, d raft i ng  
des ign  p rograms, severa l word p rocessors, and  even some of  the a lte rnate 
languages (fo r exa m p le ,  P I LOT and LOGO) u se the  H i -Res g raph ics sc reen 
for v ideo output .  Reflect i ng  the p re-e m i nence of H i - Res, the  rema i nder  of 
t h i s  book wi l l  be a l m ost ent i re ly  devoted to various  m ethods of contro l l i ng 
t h i s  mode of output .  

H i - Res ga i n s  an  advantage over Low-Res because it l ets you have i nd i 
v id u a l  contro l  o f  each dot on  the sc reen ;  the re a re 280  such  dots ho rizon 
ta l ly ac ross the  sc reen and  u p  to  1 92 dots vert ica l ly .  The  appearance of  a n  
image o n  t h e  v ideo sc reen i s  g reat ly  affected b y  t h e  degree of reso l ut ion  
(the n u m be r  of  dots per i nch )  i n  wh ich  it i s  d rawn . I n  Chapter 6 you saw 
how the figu re of the app le  suffe red when it was b loc ked out for Low-Res 
wh ich  has o n ly fou r  "dots" per i n c h .  The H i- Res dots a re seven t imes 
sma l l e r  than  the  Low-Res b locks,  so the H i- Res m ode p rod u ces figu res that 
look m uc h  bette r; but as with any  i m p rovement, there i s  a p rice to pay . 

65 
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H i- Res adds another  leve l to the add ress i ng  d iffi cu lty exper ienced with 
the  non-contiguous  Low-Res mode, and req u i res fou r  t imes the  memory 
for d i sp lay. Add to that a red u ced n u m be r  of co lors read i ly ava i l ab l e  to the  
p rogra m m e r, p lus  the l i m itat ion  of  not be i n g  ab le  to  put  a l l  of  the  co lors at 
any one  location  on the sc reen ,  and  you m ay begi n to w i sh  you had never 
even heard of H i - Res .  

Fortunate ly, there a re seve ra l H i -Res graph ics ed itors on  the  market 
w h i c h  take most of the work and  fru st rat ion out  of c reati ng H i -Res figu res . 
If you do not have one of these ed itors, we suggest that you acq u i re one  
before attem pti ng any ser ious  endeavor .  A good H i -Res ed ito r wi l l  take 
care of the m u lt itude of gru bby deta i l s  i nvo lved with H i -Res graph ics .  It 
w i l l  l et you d raw l i nes, fi l l  reg ions  with co lor, and tu rn i n d iv id u a l  sc reen 
dots on  and  off. I t  wi l l  a l so l et you save H i -Res figu res i n  shape tab les  (see 
Chapter 1 ©) , and even save the e nt i re sc reen .  Yet, even with an  ed ito r you 
m ust sti l l  u nderstand the  i n s  and  outs of H i -Res graph ics .  

I n  the fo l l ow ing  chapte rs we i ntend to  show you a n u m be r  of  ways to 
tame  the H i -Res beast. I n  t h i s  chapte r we wi l l  concentrate on mapp ing  the  
H i -Res maze, gai n i ng contro l  of  i nd iv id ua l  dots, and  c reat i ng  s i m p l e  figu res 
i n  b l ack  and wh ite . Co lo r, a n i m at ion ,  and othe r  n ifty top ics  wi l l  be d i s-

. c u ssed i n  l ater chapte rs . 

Hi-Res Memory 

There a re two sto rage locat ions  for H i -Res graph ics .  The p ri m a ry page, 
page 1 ,  i s  l ocated from 8 1 92 th  rough  1 6383 ($2©©©-$3 FFF) ,  and the sec
ondary page, page 2 ,  ru ns  from 1 6384 t h rough  24575 ($4©©©-$5 FFF) .  Most 
of o u r  work wi l l  be done with page 1 ,  but the tec h n iq u es and  p rograms  
d i scu ssed wi l l  work ident ica l ly on  page 2 by  s i m p ly  add i ng 8 1 92 ($2©©©) to 
the  page 1 add resses .  

Pe rhaps we shou ld  begi n with a p rogram des igned to tu rn on  eve ry H i 
Res dot, one  at a t ime  and  seq uenti a l ly .  We wi l l  sta rt with locatio n  8 1 92 
and tu rn on  the fi rst bit in  that byte, then  turn it off and  turn on  the  second 
b i t  i n  the same  byte . Then the second b i t  wi l l  go off and  the  th i rd wi l l  go  
o n ,  conti n u i ng to  the e ighth bit , wh ich  i s  l eft on  when we begi n w i th  the  
next byte ( locat ion 8 1 93)  and  do the  same t h i ng with i t ,  and so fo rth 
t h ro ughout  the erit i re scree n .  Even though we want to tu rn o n ly one  bit o n  
o r  off at a t ime, w e  m u st POKE the  ent i re byte, s i nce b its do not have an  
add ress and hence  can not be refe renced . For each byte we m u st POKE 
e ight  va l u es,  ,one afte r another, and  each va l u e  wi l l  h ave o n ly one  bit  o n .  
The fo l lowi ng  l i nes of BAS I C  code wi l l  generate t h e  e ight va l ues req u i red . 

FOR J = 1 TO 8 
x = 2" ( 8  - J )  
NEXT J 
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When J eq ua l s  1 ,  X eq ua l s  l7  eq ua l s  1 28, J eq ua l s  2 gives X eq ua l s  
2 6  eq ua l s  64, and  so  on  as i nd icated i n  F igu re 8- 1 . 

J 2A ( 8-J ) x BINARY HEX 
- ------- --- - ---- - --

1 27 128 1000 0000 $80 
2 26 64 0100 0000 $40 
3 25 32 0010 0000 $20 
4 24 16 0001 0000 $10 
5 23 8 0000 1000 $08 
6 22 4 0000 0100 $04 
7 21 2 0000 0010 $02 
8 20 1 0000 0001 $01 

Figure 8-1 . Powers of two. 

As p rom i sed,  eac h va l u e  has o n l y  one bit tu rned on ,  and not ice a l so that, 
as the  i n dex "J" goes from one to e ight, the "on" bit i n  the  byte goes from 
left to r ight .  The fo l lowi ng program u ses t h i s  a lgor it h m  to s uccess ive ly 
POKE eac h va l ue i nto a byte of H i -Res memory .  

10 REM TURN ON 
20 REM HI-RES DOTS 
30 REM 
40 HGR : REM TURN HI-RES ON 
50 X = PEEK ( 49234)  : REM SWITCH TO 

FULL PAGE 
60 REM 
70 FOR I = 8192 TO 16383 
80 REM BEGINNING AND END OF HI-RES 
90 FOR J = 1 TO 8 
100 X = 2 A ( 8-J ) : REM TURN ON BIT 
110 POKE I , X : REM TURN ON DOT 
120 FOR L = 1 TO 2 :  REM DELAY 
130 NEXT L 
140 NEXT J 
150 NEXT I 
160 CALL 65338 : REM BEEP 
170 END 

Listing 8-1 . Turn on Hi-Res dots. 

F ro m  o u r  d i scuss ion so fa r, you shou ld  expect a s i ng le  d ot to appear i n  the 
top l eft corner, and  rap id ly  be rep laced by one  a l i tt l e  fu rther  to the r ight .  
That dot s hou l d  a l so be q u ick ly  rep laced by a th i rd yet a l itt le  fu rther  r ight, 
a n d  so on u nt i l the e ighth dot, wh ich  rema i n s  o n .  The n i nth dot shou ld 
then begi n j u st to the  r ight of  the sti l l  l i t e ighth dot, o n ly to be rep laced by 
the  tenth sti l l  s l ight ly more to the r ight, and  so on ;  it shou ld  give the 
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i m p ress ion  of a dot t rave l l i ng stead i ly to the right w h i l e  l eavi ng eve ry 
e ighth dot o n .  

R u n t h e  p rogra m a n d  i f  t h e  sc reen  be h aves i n  a n  u n ex pected 
border ing  o n  b izarre - manne r, then  the p rogram i s  probab ly  work i ng  pe r
fect ly .  

Seeing Is Believing 

What you shou ld  rea l ly see i s  a dot that appea rs c lose to the  u pper left 
hand corner  of the  sc reen ,  and then  trave l s  rap id ly  to the  L E FT .  J u st as the  
fi rst dot bu m ps i nto the  edge of  the sc reen ,  a second dot appears; it a l so 
moves to the  l eft and  stops where the fi rst dot began .  A th i rd dot appea rs 
and  m oves left, and  then  a fou rth  and  fifth  and so on u nt i l the ent i re sc reen 
fi l l s  with a gr id of l itt l e  dots, a l l  about a q ua rte r- i n c h  apart .  ( I t  req u i res 
approx imate ly f ive m i n utes to reac h th i s  po i nt . )  The rout i ne  conti n ues with 
the  next set of dots appear i ng  i m med iate ly  beneath the  fi rst set .  I f  you l et 
the  p rocess cont i n u e  long  enough ,  the sc reen wi l l  fi n a l l y  d i sp l ay fo rty 
vert ica l  l i nes of dots . 

The d i sp l ay i s  m i ld ly amus i ng, but afte r the  nove lty wears off you m ight 
rea l ize that the "on" dots m oved from r ight to l eft w h i l e  the  "on" bits i n  
t h e  byte m oved from left to r ight .  App le  H i -Res d i sp lays the  b its of a byte 
i n  the  reve rse o rde r, so the r ight hand  bit tu rns  on the  l eft hand  d ot of a 
byte, and the  left hand bit  tu rns  o n  the  r ight hand dot - e r, sort of. You see, 
there i s  a l itt l e  more to it .  

S l ow down the d i sp l ay p rocess by chang ing  the de lay va l u e  in l i ne 1 2<ll 
from 2 to a h igher  n u m ber .  I f  you su bstitute a la rge enough  va l ue, you wi l l  
be ab le  to cou nt the i nd iv idua l  dots as they m igrate to the  l eft, and  when  
you  do,  you  wi l l  cou nt o n ly seven dots pe r  byte to  ver ify yet another  H i 
Res odd ity : the e ighth ( l eft-most) b it  of the  byte i s  not d i sp layed at a l l .  I n  
othe r  words,  seven of the  e ight  b its i n  each byte a re d i sp layed i n  reve rse 
o rder, and the  l ast ( left-most) bit does not correspond to any  dot at a l l .  
A l though t h e  reve rse d i sp l ay of o n ly seven b its m ay seem to b e  a capr i 
c ious fl ight of "Woz n i a k  w h i m sy" (named afte r Apple 's  des igner) ,  the re 
t ru ly  a re good reasons for that parti c u l a r  des ign . The left hand  bit i s  u sed i n  
a very c lever scheme wh i ch  fac i l itates H i -Res co lor  contro l .  

W h i le ru n n i ng t h e  p rogram you m u st h ave a l so noted that, a s  with Low
Res, the H i - Res g raph ics sc reen fi l l s  i n  th ree d i st i nct sections ,  and  that 
the re i s  a pause afte r fi l l i ng each l i ne i n  the  lower sect ion  w h i l e  the  e ight  
bytes of  "phantom memory" a re fi l led . By now those pecu l i a r it ies s hou ld  
seem l i ke fam i l ia r  l andmarks . 

With a l l  of these facts p resented to you at once, you a re bou nd to be a 
l itt l e  confu sed . B ut one  addit iona l  poi nt s hou ld  be made :  with a l itt l e  
pract ice, App le  I I  H i -Res i s  su rpri s i ng ly  powerfu l and  easy to  u se .  S u p pose 
we demonst rate by tu rn i n g  on  a few i n d iv id ua l  dots " m a n u a l ly . "  
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Each bit patte rn c reates a correspo n d i n g  dot patte rn  on  the sc ree n .  S i n ce 
the re a re seven bits d i sp l ayed from any byte, there a re 1 28 poss ib l e  com bi 
n at ions ,  and  though we do not p ropose to show you every com bi natio n ,  
F igu re 8 - 2  l i sts wh i ch  dots a re tu rned o n  b y  wh i ch  bits, and wh ich  o nes 
m ay be handy fo r refe rence .  You can see aga i n that no  dot corresponds  to 
the l eft-hand  bit .  

l(J(JiJ(JiJ(JiJ OFF OFF OFF OFF OFF OFF OFF 
(JliJ(J(JiJ(JiJ OFF OFF OFF OFF OFF OFF ON 
iJiJ l(J(JiJ(JiJ OFF OFF OFF OFF OFF ON OFF 
iJiJiJ l(J(J(J(J OFF OFF OFF OFF ON OFF OFF 
iJ(J(J(Jl(J(JiJ OFF OFF OFF ON OFF OFF OFF 
iJ(JiJ(J(JliJ(J OFF OFF ON OFF OFF OFF OFF 
iJ(JiJ(J(JiJ l(J OFF ON OF OFF OFF OFF OFF 
iJ(JiJ(JiJ(J(Jl ON OFF OFF OFF OFF OFF OFF 

Figure 8-2. Bit correspondence. 

To tu rn on a dot, you m u st a l so know the  add ress of the  byte wh ich  
contro l s  i t .  Refe r to  the H i -Res memory map i n  F igu re 8-3 . 

The  boxes shown i n  the map a re ve ry s i m i l a r  to the  ones u sed i n  the 
Text/Low-Res map in  Chapte r 6,  and the add ress of  each box i s  fou nd i n  
t h e  same manne r-add the add resses g iven on  the map fo r the  row and 
co l u m n  of  the box . With i n  each box there a re e ight rows of  seven d ots 
stacked ve rt ica l ly as shown i n  the i n set, and  eac h row of d ots i n  the box 
contr i butes an add it iona l  n u m ber  ca l l ed the posit ion  add ress .  To tu rn on a 
d ot, you m u st fi rst fi nd  the add ress of the box and  the row of d ots with i n  
t hat box w h i c h  conta i n s  t h e  dot you a re look i ng  fo r .  I f  you a re not con
fu sed by now, then you m u st have worked with th i s  befo re ! Pe rhaps we 
can c lea r t h i ngs up by u se of an  examp le .  

Example 1 

S u p pose that you wish  to d i sp lay the seventeenth d ot from the l eft i n  the 
t h i rd row of dots . 

Solution 

The t h i rd row of dots i s  with i n  the fi rst row of boxes, and  s i nce each box 
d i sp lays seven (not e ight) dots ac ross, the  seventeenth d ot is i n  the t h i rd 
box ac ross as shown i n  F igu re 8-4. N ow that you h ave l ocated the d ot, 
you need to add th ree n u m be rs to get its add ress :  the add ress fo r the 
box' s row, co l u m n , and the byte' s posit ion  with i n  the  box . 
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Row Address  
Column Address  
Pos ition Address  

Final Address  

8192 
2 
2�48 

1�242 
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$28�2 

Thus, you at l ast ar r ive at the add ress, but now you need to ca l c u l ate the 
va l u e  to put i nto i t .  To do  that, aga i n  refe r to F igu re 8-4 .  

The top l i ne of  the figu re shows the fi rst th ree bytes of  screen memory, 
taki ng i nto accou nt that o n l y  seven bits of each byte a re actua l ly d i s
p l ayed . Dot n u m be r  seventeen is the  t h i rd dot from the l eft i n  its box; so 
to tu rn it on ,  you wou ld tu rn on the  t h i rd bit from the  R IG HT i n  the byte 
as shown i n  the bit patte rn on the second l i ne .  Remem ber, the bit 
patte rn i s  the reve rse of the dot patte rn . 

Dot # 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 21 

I I [X] I ·  . • 

BYTE # 2 3 

l 
0 0 0 0  0 1 0 0 

l 
$4 = 4 

Figure 8-4. Display conversion. 

The l eft-hand bit has been shown in the second  l i ne as a zero (off) . The 
b i na ry n u m ber  in the second l i ne i s  converted to hex and  dec ima l  form 
i n  the t h i rd l i ne,  and the dec ima l  va l u e  is the one we a re about to POKE.  
Afte r a l l  that work,  you can tu rn on  the des i red dot u s i ng the  fo l lowi ng 
com mands  from BAS IC .  

HGR 
POKE 1�242 , 4  

(set graph ics) 
(tu rn on  the dot) 

You cou ld  u se Mon itor by typ i ng 

HGR 
CALL -151 
28�2 : 4 

Example 2 

Tu rn on  dots 57 ,  58 ,  and 59  i n  l i ne n u m be r  1 1 6 of the  H i -Res sc reen .  
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Solution 

I f  you cou nt e ight l i nes per box, the fou rteenth row of boxes ends  with 
the 1 1 2th  l i ne of dots (8 * 1 4 =  1 1 2 ) ,  so the 1 1 6th  l i ne i s  t he  fou rth  l i ne i n  
t he  fifteenth box . Therefore, by u s i ng  the memory map i n  F igu re 8-3 ,  
t he  row add ress i s  9000, and the posit ion i n  the box add ress i s  3072 . 
Dots 5 7, 58, and  59 of that l i ne a re the second ,  t h i rd ,  and  fou rth  dots i n  
t h e  e ighth box, wh i ch  has co l u m n  add ress 7 ($7) ,  s o  the fi na l  add ress i s :  

9({l({l({l 
J(J72 

7 

12({l79 

$2328 
$(JC({l({l 
$ 7 

$2F2F 

The d i sp l ay fo r that byte wou ld look l i ke :  

-XXX- - -

where - represents a dot wh ich  i s  off, and  X a dot wh ich  i s  o n .  
Reve rs i n g  t h e  o rd e r  a n d  s u pp ly i n g  t h e  " m i s s i ng" l eft ze ro wou l d 
g ive you the bit patte rn : 0000 1 1 1 0, wh ich  i s  eq ua l  to 1 4  ($0E) . 

Now that you have determ i ned the add ress ( 1 2079 o r  $2 F2 F) and  
the  va l u e  ( 1 4 o r  $0E) ,  type : 

HGR 
POKE 12({l79 , 14 

o r  
HGR 
CALL -151 
2F2F : E 

T h i s  i s  not so bad afte r you get u sed to it ,  i s  i t ?  Pe r h a ps o n e  
m o re examp le  

Example 3 

Tu rn on  the dots 2 7  and  30 i n  l i ne 1 6  of the H i - Res sc ree n .  

Solution 

L i ne  1 6  i s  the l ast byte i n  the second row of boxes, so the  row add ress 
is 8320 ($2©8©) and the posit ion  add ress i s  7 1 68 ($ 1 C00) . Dots 27 and 3© 
a re in separate boxes -the fou rth  and  fifth  co l u m ns - so they wi l l  have 
d iffe rent co l u m n  add resses, and  we wi l l  have to PO KE eac h byte sepa
rate ly .  
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The fou rth  co l u m n  add ress i s  3 ($3 ) ,  so the  add ress of the fi rst byte we 
a re after is 8320 + 7 1 68 + 3 = 1 549 1 ($2080 + $ 1 C00 + $3 = 
$ 3C83) ,  and the add ress of the second  byte i s  1 5492 ($3C83) . The dot 
patte rns  fo r the  fou rth and  fifth  byte look l i ke :  

- - - - -X- -X- - - - -

so the b i t  patte rns  wou ld be : 

010 0000 and  000 0010 

and  when you su pp ly  the left hand zero you get : 

0010 0000 
$20 

and 0000 0010 
$ 2 

= 32 2 

H ence, to p lot the dots, type:  

HGR 
POKE 15491 , 32 
POKE 15492 , 2  

I f  you were to su pp ly  ones fo r the l eft-hand  bits you wou ld get : 

1010 0000 and 
$A0 
160 

so :  

HGR 
POKE 15491 , 160 
POKE 15492 , 130 

1000 0010 
$82 
130 

N otice that the same dots were tu rned on  with both sets of state
m ents, but that they were d iffe rent co lors - not ve ry i m p ressive u n
less you have . a co lor  d i sp lay, but it does i l l u st rate how the e ighth 
b it  contro l s  . co lor in H i -Res .  

Mon ito r m ay be used to tu rn on  the same dots, and  a l so to c l ear  
the  screen without the u se of  the HGR statem e nt .  

The H i - Res sc ree n may be c l ea red by m ov i ng  ze ros i nto every 
byte, so type:  

CALL -151 
2000 : 0 
2001 < 2000 . 3FFEM 
3C83 : 60 03 

T h e  f i rst  c o m m a n d  i n vo kes  M o n i t o r ,  t h e  n ext two c l e a r  t h e  
screen (see Chapte r 3 ) ,  a n d  t h e  l ast p laces t h e  proper byte i n  each 
of the  two add resses .  
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Figure 8-5. Alien critter. 

[From The Artist by Warren Schwader, used with permission.] 

Whew! That seems  l i ke a lot of work j u st fo r a few d ots ! !  As it happens ,  
work i ng up a n  ent i re figu re i s  not m uc h  ha rder .  H owever, you r p re l i m i 
na ry p l an n i ng i s  ext reme ly  i m po rta nt when des i gn i ng  a figu re i n  H i -Res 
let' s put  together  a n  a l i e n  c r itte r as an  examp le .  F igu re 8-5 shows a sam p l e  
a l i en  a l ready d rawn on graph paper .  Fo r s i m p l ic i ty, i t  i s  o n l y  seven dots 
wide and e ight rows h i gh so that it wi l l  f it with i n  a s i ng le  box of the  
memory map .  

The fi rst step i s  to  ca lcu late the  va l u e  of  eac h byte com pos i n g  the a l i e n .  
F igu re 8-6 shows t h e  dot patte rns ,  t h e  req u i red b it  patte rns ,  a n d  t h e  cor
respo n d i ng hex and dec i m a l  va l u es .  

DOT BIT HEX DEC 
PATTERN PATTERN VALUE VALUE 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·- - - - - - -

--XXX-- !il!il!ill ll!il!il $1C 28 
-XXXXX- !il!illl lll!il $3D 61 
X--X--X !ill!il!il l!il!ill $49 73 
X--X--X !ill!il!il l!il!ill $49 73 
-XXXXX- !il!illl lll!il $3D 61 
--XXX-- !il!il!ill ll!il!il $1C 28 
-X---X- !il!ill!il !il!ill!il $22 34 
X-----X 0100 0001 $41 65 

Figure 8-6.  Alien translation. 

The extra zero has been p laced to the l eft of eac h b it  patte rn to su pp ly  
t he  " m iss i ng" e ighth b i t .  Ca lc u l at i ng  the va l ues was  not d iffi cu lt a t  a l l .  
Now you need to ca lc u l ate the add resses . 
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The row and  co l u m n  add resses depend on  wh i ch  box you wi l l  u se to 
p lot the  a l i en ,  but the add ress fo r the posit io n  i n  the  box is fixed by the 
row' s pos i t ion in  the figu re .  The posit ion  add ress fo r row one i s © ($©) , fo r 
row two it i s  1 ©24 ($4©©) , fo r row th ree it i s  2©48 ($8©©) , and  so fo rth ,  as 
s hown in the H i -Res memory map (see F igu re 8-3) . The fo l lowi ng p rogram 
takes advantage of those facts as it p lots the a l i en  in any box you c h oose 
on the m ixed mode H i -Res scree n .  

1 �  REM ALIEN PLOT 
2� REM 
3� REM INITIALIZATION 
4� DIM RA% ( 2� )  
5� FOR I = 1 TO  2� : READ RA% ( I ) : 

NEXT I 
6� REM 
7� REM INPUT ROW AND COLUMN 
8� HGR : HOME : VTAB ( 24 )  
9 �  INPUT "ROW NUMBER? ( 1-2� ) " ; R$ 
1�� R% = VAL ( R$ )  
11� I F  .t:t/0 < 1 OR R% > 2 �  THEN PRINT 

CHR$ ( 7 ) : GOTO 9� 
12� INPUT "COLUMN NUMBER? ( 1-4� ) " ; C$ 
13� C% = VAL ( C$ )  
14� IF  C %  < 1 OR C %  > 4 �  THEN PRINT 

CHR$ ( 7 ) : GOTO 12� 
15� BA% = RA% ( R% )  + C%-1 
16� POKE BA% , 28 
17� POKE BA% + 1�24 , 62 
18� POKE BA% + 2�48 , 73 
19� POKE BA% + 3�72 , 73 
2�� POKE BA% + 4�96 , 62 
21� POKE BA% + 512� , 28 
22� POKE BA% + 6144 , 34 
23� POKE BA% + 7168 , 65 
24� REM 
25� PRINT "PLOT ANOTHER? ( Y/N ) " :  GET A$ 
26� IF A$ < > "N" GOTO 9� 
27� TEXT : HOME 
28� END 
29� DATA 8192 , 832� , 8448 , 8576 , 87�4 , 

8832 , 896� , 9�88 , 8232 , 836� 
3�� DATA 8488 , 8616 , 8744 , 8872 , 9��� ' 

9128 , 8272 , 84�� , 8528 , 8656 

Listing 8-2.  Alien plot. 

L i nes 4© t h rough  6© d i mens ion  and  i n it ia l ize an ar ray contai n i ng the  
twenty row add resses .  L i ne  8©  sets the m ixed H i -Res g raph ics mode with 
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the c u rsor at the bottom of the text wi ndow.  L i nes 9© th rough 1 5© accept 
you r i n put fo r the row and co l u m n  n u m bers and ,  afte r check i ng  to i n s u re 
they a re va l id ,  converts them to a base add ress for the  box i nd icated . L i ne  
1 5© ca lcu lates the base add ress by  add i ng the row add ress for the  box 
[RA% (R%)] to the co l u m n  add ress (wh i c h  happens to be one  less than  the 
co l u m n  n u m ber) .  H avi ng  added the row and co l u m n  add resses fo r the  
box, it on l y  rema i n s  to  add the add ress fo r the posit ion in  the box fo r each 
byte of the a l i en  ( how do a l i en s  taste?) . The fi na l  add ress i s  ca lcu lated and  
the  p roper va l ue POKEd i nto it i n  l i nes 1 6© th rough 23© ,  l i nes 25© and 26© 
g ive you a c hance to p lot another  one,  and then l i nes 2 7© and 28© wrap  
up  the program . The data i n  l i nes 29©  and 3©© a re the row add resses read 
i n  l i ne 5©. The p lott i ng  speed m ay be en hanced somewhat by ca lc u lat i ng  
a l l  o f  the  fi na l  add resses before sta rt i ng  to  PO KE any of  them . 

Example 4 

Write a s i m p le  BAS I C  p rogram to p lot the can no n  g ive n  i n  F igu re 8-7 .  

Figure 8-7. Hi-Res cannon. 
(From Cannonball Blitz by Olaf Lubek, with permission.] 
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The fi rst task i s  to d igit ize the can no n .  N ot ice that it i s  fou rteen dots wide 
and ten bytes h i gh ,  so it wi l l  req u i re fou r  boxes to d i sp l ay .  The figu re has 
a l ready been d iv ided i nto fou r  q uad ra nts . F igu res 8-8A-D show the  d igi
t iz i n g  of the co rrespond i ng q uad rant .  

DOT BIT HEX DEC 
PATTERN PATTERN VALUE VALUE 
- --------------------------------------- - ----
X-X-X-X 101 0101 $55  8 5  
X-X-X-X 101 0101 $55  85  
X-X-X-X 101 0101 $55  85  
X-X-X-X 101 0101 $55  8 5  
------- 000 0000 $00 0 
-----X- 010 0000 $20 32 
----XX- 011 0000 $30 48 
---XXXX 111 1000 $78 120 

Figure 8-8A. 

DOT BIT HEX DEC 
PATTERN PATTERN VALUE VALUE 
- ---------------------------------------------
-X-X-X- 010 1010 $2A 42 
-X-X-XX 110 1010 $6A 106 
-X-X-XX 110 1010 $6A 106 
-X-X-X- 010 1010 $2A 42 
--X-X-- 001 0100 $14 . 20 
X-X-X-- 001 0101 $15 21 
X-X-XX- 011 0101 $3 5 53 
---XXXX 111 1000 $78 120 

Figure 8-88. 

DOT BIT HEX DEC 
PATTERN PATTERN VALUE VALUE 
- ---------------------------------------------
---XXXX 
----XX-

DOT 
PATTERN 

--XXXX 
----XX-

111 1000 $78 
011 0000 $30 

Figure 8-8C. 

BIT 
PATTERN 

HEX 
VALUE 

$78 
$30 

Figure 8-80. 

120 
48 

DEC 
VALUE 

120 
48 
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The fo l lowi ng p rogram wi l l  POKE i nto memory the  va l ues we j u st 
generated . We wi l l  p l ot the can non  i n  the  u pper l eft corner  of the  
screen .  

10 REM POKE CANNON 
20 REM THE HARD WAY ! 
30 REM 
40 HGR 
50 REM QUADRANT A 
60 POKE 8192 , 85 : POKE 9216 , 85 :  

POKE 10240 , 85 :  POKE 11264 , 85 
70 POKE 12288 , 0 : POKE 133 12 , 32 : 

POKE 14336 , 48 :  POKE 15360 , 120 
80 REM QUADRANT B 
90 POKE 8193 , 42 :  POKE 9217 , 106 :  

POKE 10241 , 106 :  POKE 11265 , 42 
100 POKE 12289 , 20 : POKE 133 13 , 21 :  

POKE 14337 , 53 :  POKE 15361 , 120 
110 REM QUADRANT C 
120 POKE 8320 , 120 : POKE 9344 , 48 
130 REM QUADRANT D 
140 POKE 8321 , 120 : POKE 9345 , 48 
150 END 

Listing 8-3. Cannon poker. 

L ist i ng  8-3 makes no p retense at c l eve rness, but  it does perfo rm as 
p rom i sed . 

By now you have seen how the  i nd iv id ua l  b its on  the H i -Res sc reen a re 
contro tled, and  how you can wade t h rough  the memory map to fi nd  the 
byte of  you r  d reams .  Us ing those ideas, you have deve loped the data for 
a n d  p lotted some s i m p le  f igu res on  the  scree n .  Not bad fo r a day' s work, 
eh?  

Vocabulary 

Col u m n  Add ress 

Dig it i z i ng  

Posit ion  Add ress 

Row Add ress 

Exercises 

1 .  P l ace the given  dot pattern where i nd icated o n  the H i - Res sc ree n .  

a .  -XX-X-X i n  row 1 0, co l u m n  20 of boxes, a n d  fi rst byte of t h e  box . 
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b .  XX-XX-- i n  the fifth  l i ne and  e l eventh co l u m n  of dots . 

c .  X-----X i n  the fou rteenth l i ne and  2 7th  co l u m n  of dots _ 

2 .  Write a BAS IC  p rogram wh i ch  l ets the  user  p lot the  can non from 
Examp le  3 i n  any  gro u p  of fou r  boxes on  the  H i -Res screen .  

3 .  D ig it ize a n d  d i sp l ay the butte rfly figu re g iven be low. 

% cP  
--

_...__ 

Figure 8-9. A butterfly. 
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Hi-Res Color 

Objectives 
After read i ng Chapte r 9 you shou ld  be ab le  to : 

• Des ign and  d i sp lay a H i -Res co lor  fig u re .  

• When g iven the locat ion o f  a dot on  the  sc reen and  a des i red co lor, 
d ete rm i ne if that co lor  can be d i sp l ayed at that l ocation ,  and if so, 
ca lc u l ate the byte of memory wh ich  conta i n s  that dot and  PO KE the 
appropr iate va l u e  i nto that locatio n .  

· 

• U se d it he r i ng  to gene rate co lo rs othe r  t han  the  s ix  bas ic  H i -Res 
s h ades .  

Good co lor  i s  vi rtua l ly a req u i rement for q u a l ity H i - Res prod ucts; most 
software p u b l i s he rs wi l l  not tou c h  a H i -Res p rogram u n l ess its co lor  effects 
a re c l ea r, c l ean ,  and smoot h .  Co lo r  e n h ances the d i sp lay by d i st i ngu i s h i ng 
t he  d iffe rent e lements of a p ictu re o r  graph ,  by add i ng l i fe to a sc reen ,  and 
by mak ing  the  output more att ract ive to the eye of the v iewer. You r 
App le ' s  ha rdware i s  des igned to p rod uce s ix  co l o rs, i nc l u d i ng b lack and 
wh ite and ,  by a software p rocess known as d ithering, can be m ade to 
d i sp lay u pwards of twenty addit iona l  h ues .  

G etti ng co lor  on  the H i -Res screen i s  s i m p l e - a l most too s imp l e  s i nce 
any  t ime  you p lot a s i ng le  dot, it i s  a lways in co lor .  The t r ick i s  to deve lop 
the  r ight co lor  i n  the r ight p l ace .  By now you s h o u l d  be fam i l i a r  with the 
way H i -Res memory i s  l a id  out, and how to u se the  memory map to fi nd 
you r  way a rou nd . You a l so need some fac i l ity in  t rans lati ng  des i red dot 
patte rns  i nto the i r correspond i ng  bit patte rns ,  and  then  i nto the i r h ex o r  
d ec i m a l  va l ues .  Another  necessary item i s  e i ther  a c o l o r  d i sp lay, o r  a ve ry 
v iv id  i m agi nat i o n .  

8 1  
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A Bit of Color 

I n  Chapte r 8, we poi nted out that the  l eft-most bit i n  a H i - Res byte was not 
d i sp layed , and  a l l u ded to its fu nct ion  i n  co lor  contro l .  That b it  i s  ca l led the 
color b i t  of the  byte, and  its sett i ng  determ i nes wh ich  gro u p  of  co l o rs the  
remai n i ng seven b its wi l l  d i sp lay .  I f  the co lor  b i t  of  a byte i s  off (ze ro) , the  
rema i n i ng seven bits wi l l  d i sp lay co lors from gro u p  1 :  B LAC K 1 , G RE E N ,  
V IOLET, or  WH ITE 1 . I f  the  co lor  bit i s  on  (one) ,  the  byte wi l l  d i sp l ay gro u p  
2 co lo rs :  B LACK2, ORA N G E, B L U E, o r  WH ITE2 . Those co lors wi l l  vary 
depend i ng on  the TV or  mon itor used,  but you can u sua l l y  adj u st the  t i nt 
on  you r  screen so the proper co lo rs a re d i sp layed . We wi l l  retu rn to the  
co lor  b its and co lo r  gro u ps; meanwh i le ,  ru n the fo l lowi ng  p rogram as a n  
experi ment .  

10 HGR 
20 HCOLOR = 3 
30 HPLOT 1 , 0 TO 1 , 100 
40 GET P$ :  REM PAUSE 
50 HCOLOR = 4 
60 FOR I = 0 TO 100 
70 HPLOT 0 , I 
80 NEXT I 

Listing 9-1 . Vertical l ine. 

Accord i ng to the App le  m a n ua l s , HCOLOR = 3 i s  W H ITE 1 (the wh ite 
be long i ng to co lo r  gro u p  1 ) ; hence, l i nes 1 0  t h rough  30 s h o u l d  p lot a 
verti ca l wh ite l i ne i n  co l u m n  1 .  B ut when you ru n the program you a re 
i n stead greeted by a vert ica l  green l i ne !  That i s  because you a re p lott i ng  a 
s i ng le  dot i n  eac h row, and  any i so lated dot a lways resu lts i n  a co lor .  But  
the re i s  more .  L i ne  40 ha lts the p rogram u nti l you  p ress a key, l i ne 50 sets 
t h e  co lor  to B LAC K2, wh ich  is the b lack  be longi ng to co lo r  g ro u p  2 .  L i nes 
60,  70,  and 80 p lot a ve rt ica l  l i ne of b lack dots in  co l u m n  0 .  S i nce co l u m n  
0 was a l ready b lac k, you wou ld  not expect anyt h i n g  to change, a n d  yet 
t he  green l i ne s lowly  cha nges to o range afte r you p ress a key . 

The reason fo r the co lo r  change has to do  with the  co lo r  b i t .  The d ots i n  
co l u m n  0 and col u m n  1 a re contro l led by the sam e  byte of H i -Res mem
o ry, and  p lott i ng  WH ITE 1 tu rned on  the  co l u m n  1 b it  of  each byte and  left 
t he  rest of the bits off, i n c l u d i ng the co lor  b i t .  P lotti ng  co l u m n  0 i n  B LACK2 
t u rned off the col u m n  0 b its, wh i ch  were off anyway, but a l so tu rned on  
t h e  co lo r  bit o f  eac h byte s i nce B LACK2 i s  a g ro u p  2 co lo r .  When the  co lor  
b it of  eac h byte was tu rned on ,  it caused the enti re byte to d i sp l ay gro u p  2 
co lors; t hu s, the green i n  co l u m n  1 ,  wh i ch  i s  a g ro u p  1 co lor, changed to 
t h e  correspon d i ng group  2 co lor, orange.  I f  co l u m n  0 had been p lotted i n  
B LACK 1  i n stead of B LACK2, t h e  co lo r  b it  of eac h byte wou ld have re
ma i ned off and no co lor  change wou ld have occu rred . 
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Let' s ru n a p rogram wh ich  i l l u st rates yet another  cha racte r ist ic  of H i -Res 
co lor .  · 

10 HGR 
20 HCOLOR = 2 
30 FOR I = 1 TO 100 
40 HPLOT I , 0 
50 NEXT I 
60 REM 
70 REM NOW TURN HALF OFF 
80 HCOLOR = 0 
90 FOR I = 2 TO 100 STEP 2 
100 HPLOT I , 0 
110 NEXT I 
120 END 

Listing 9-2. Horizontal line. 

An exa m i nat ion of the l i st i ng  wou ld lead one to be l ieve that the p rogram 
wi l l  p lot 1 00 consecut ive hor izonta l b l u e  dots, and then tu rn a l l  the eve n 
d ots off. H oweve r, when the p rogra m  i s  ru n ,  the b l u e  l i ne i s  d rawn ,  and 
then  e rased com p l ete ly !  How can that be when you p lot 1 00 dots and  on l y  
e rase 50 ?  I f  you  care to  i n sert a de lay l oop  and  s i gna l  i n  the p rogra m  
3 5  FOR J = 1 TO  500 : NEXT J :  PRINT CHR$ ( 7 )  and  cou nt the  dots a s  they a re 
p lotted , you wi l l  fi nd  that o n ly 50 dots a re p lotted i n  the  fi rst p l ace.  B l ue i s  
on ly  avai l ab le  i n  even n u m be red co l u m ns (0, 2 ,4, . . .  ) ,  and  so  when  the 
p rogram attem pts to p lot b lue on  the  odd n u m be red d ots, it has no effect 
at a l l .  V io let is a l so ava i l ab le  on o n ly even d ots, wh i le odd dots may 
d i sp lay either green o r  o range.  

To s u m marize what you have seen so fa r, if  a dot i s  p lotted i n  a n  even 
n u m bered co l u m n , it wi l l  be e i ther  v io let o r  b l ue ,  and if a dot i s  i n  a n  odd 
co l u m n , it wi l l  be green or  orange .  The color b it  se lects wh ich  of the 
ava i l ab l e  co lo rs eac h dot wi l l  d i sp lay:  i f  the co lo r  bit i s  off (gro u p  1 ) ,  even 
d ots d i sp lay v io let and odd dots d i sp lay g reen ;  if the co lo r  b it  i s  on  (grou p 
2 )  then even dots a re b l u e  and  odd dots a re o range .  The  left-most co l u m n  
of dots o n  the sc reen i s  cou nted a s  co l u m n  zero,  and co l u m ns 1 t h rough 
2 79 fo l low seq uent i a l ly ac ross the sc ree n .  

B lack i s  p lotted by tu rn i ng a dot off, a n d  wh ite i s  p lotted b y  tu rn i ng o n  
two adjacent dots i n  t h e  same  row. Let' s exper i m e nt u s i ng  t h e  POKE 
statement .  Type : 

HGR 
POKE 8192 , 1  
POKE 8192 , 2  
POKE 8192 , 3  

I n  the u pper left corner  of the H i -Res screen you wi l l  d i sp lay a s i ng le  v io let 
d ot, then a lone green dot, and fi na l l y  a wh ite dot .  H ow d id  the wh ite d ot 



84 -APPLE I I  COM PUTE R G RAPH ICS 

get there? The cha rt be low takes the va l ues that you POKEd and shows the 
correspond i ng bit patte rns  and effects . 

VALUE BIT PATTERN DOT ( S )  ON 

1 0000 0001 Row 0 
2 0000 0010 Row 1 
3 0000 0011 Row 0 and Row 1 

Figure 9-1 . Bit patterns and effects. 

When the dots were tu rned o n  s i ng ly, they d i sp layed the i r respective 
co lo rs ,  but when they were both on they d i sp layed wh ite . Any "on" dot 
next to another  "on" dot wi l l  d i sp lay wh ite . P lott i ng one  dot u nder  o r  
over another  has  no effect on  the co lor .  

Haw Do Yau Like Them Apples? 

To p ract ice with H i -Res co lors ,  we wi l l  p lot the app le  g iven i n  F igu re 
9-2 . The figu re has a l ready been sect ioned i nto the n i ne boxes req u i red 
to d i sp lay it, and F igu res 9-2A th rough 9-'-2 1 show the convers ion  from 
dot patte rns  to dec ima l  va l ues fo r each of the sections .  

A c 

• 
• • 
• 

F 
• 
• 
• 

• 
• 

• 

G H I 

Figure 9-2. Hi-Res apple. 

Except for the stem ,  w h i c h  wi l l  be wh ite, the gr id  for the app le  is com
posed of dots in  eve ry second co l u m n .  That patte rn i s  necessa ry s i nce 
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each H i -Res co lor  i s  avai lab le  on  o n ly odd o r  o n ly even dots, and fu r
the r, if two adjacent dots a re tu rned on ,  they wi l l  both d i sp lay wh ite . 

Co lors from both grou ps a re u sed as i n d icated i n  F igu re 9-2 . 

DOT BIT  
PATTERN PATTERN HEX DEC 

- ------------------------------------------
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
----X-X (Jl(Jl iJ(J(JiJ $5(J 8(J 
--X-X-X (Jl(Jl (Jl(J(J $54 84 
--X-X-X (Jl(Jl (Jl(J(J $54 84 
-X-X-X- (J(Jl(J l(Jl(J $2A 42 

Figure 9-2A. 

DOT BIT  
PATTERN PATTERN HEX DEC 

- ------------------------------------------
XX----- iJ(JiJ(J (J(J 11 $iJ3 3 
-XX---- iJ(JiJ(J (Jll(J $(J6 6 
--XX--- iJ iJ iJ iJ 11  iJ iJ $(JC 12 
--XX--- iJ iJ iJ iJ 11  iJ iJ $(JC 12 
--XX--- iJ(J(JiJ ll(J(J $(JC 12 
-X-X-X- (J(Jl(J l(Jl(J $2A 42 
-X-X-X- (J(Jl(J l(Jl(J $2A 42 
X-X-X-X (Jl(Jl (Jl(Jl $55  8 5  

Figure 9-28. 

DOT BIT 
PATTERN PATTERN HEX DEC 

- ------------------------------------------
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
------- (JiJ(JiJ (J(J (J(J $(J(J iJ 
------- iJ iJ iJ iJ iJ iJ iJ iJ $(J(J iJ 
X-X---- iJ(J(JiJ (Jl(Jl $(J5 5 
X-X-X-- (J(J(Jl (Jl(Jl $15 21 
X-X---- iJ(J(JiJ (Jl(Jl $(J5 5 
-X----- iJ(J(JiJ (J(Jl(J $!32 2 

Figure 9-2C. 
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DOT B I T  
PATTERN PATTERN HEX DEC 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

-X-X-X- 0010 1010 $2A 42 
-X-X-X- 0010 1010 $2A 42 
X-X-X-X 1101 0101 $D5 213 
X-X-X-X 1101 0101 $D5 2 13 
X-X-X-X 1101 0101 $D5 213 
-X-X-X- 1010 1010 $AA 170 
-X-X-X- 1010 1010 $AA 170 
-X-X-X- 1010 1010 $AA 170 

Figure 9-20. 

DOT B I T  
PATTERN PATTERN HEX DEC 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

X-X-X-X 0101 0101 $ 5 5  8 5  
X-X-X-X 0101 0101 $ 5 5  8 5  
-X-X-X- 1010 1010 $AA 170 
-X-X-X- 1010 1010 $AA 170 
-X-X-X- 1010 1010 $AA 170 
X-X-X-X 1101 0101 $D5 2 13 
X-X-X-X 1101 0101 $D5 2 13 
X-X-X-X 1101 0101 $D5 2 13 

Figure 9-2E. 

DOT B I T  
PATTERN PATTERN HEX DEC 

- - - - -- - - - - -- - -- - - - - - - -- - -- - - - - - - - - - - ---- - - -

-X----- 0000 0010 $02 2 
-X----- 0000 0010 $02 2 
X-X---- 1000 0101 $ 8 5  133 
X-X---- 1000 010 1  $ 8 5  133 
X-X-X-- 1001 0101 $95 149 
-X-X--- 1000 1010 $8A 13 8 
-X-X--- 1000 1010 $8A 13 8  
-X----- 1000 0010 $82 13 0 

Figure 9-2F. 



DOT 
PATTERN 

--X-X-X 
- -X-X-X 
----X-X 
------X 
- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

DOT 
PATTERN 

BIT 
PATTERN 

131131 1311313 
131131 1311313 
131131 13131313 
1311313 13131313 
131313·13 13 131313 
13131313 13131313 
13131313 13131313 
13131313 13131313 

Figure 9-2G. 

BIT 
PATTERN 
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HEX DEC 

$54 84 
$54 84 
$513 813 
$413 64 
$1313 13 
$1313 13 
$1313 13 
$1313 13 

HEX DEC 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

-X-X-X- 1313113 113113 $2A 42 
-X-X-X- 1313113 113113 $2A 42 
-X-X-X- 1313113 113113 $2A 42 
-X-X--- 13131313 113113 $13A 113 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 

Figure 9-2H. 

DOT BIT  
PATTERN PATTERN HEX DEC 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

X-X---- 13131313 131131 $135 5 
X------ 13131313 1313131 $131 1 
- - - - - - - 13131313 13131313 ' $1313 13 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 
- - - - - - - 13131313 13131313 $1313 13 

Figure 9-21. 
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I n  F igu res 9-2 0 t h rough 9-2 F, some of the co lor  bits a re tu rned on  i n  
o rder to se lect gro u p  2 co lors .  

Now that you h ave d ig it ized the f igu re, you need a p rogram such  as 
L i sti ng 9-3 be low to p l ace those va l ues i n  H i -Res sc reen memory .  The 
p rogram lets you se lect the pos i t ion of the app le  on  the sc reen ,  with i n  
l i m its . You wi l l  be asked fo r the row and col u m n  n u m ber  fo r the u pper left 
corner  of the app le  (F igu re 9-2A) ; the rest of the app le  fo l l ows from there .  

1!{l REM COLOR APPLE 
2!{l REM 
3!l' REM 
4!{l REM INITIALIZE 
5!{l REM 
6!{l OFST% = 1!{l24 : DIM SA% ( 2!{l )  
7 !{l  FOR I = 1 T O  2 !{l  : READ SA% ( I )  : NEXT 
8!{l HGR : VTAB ( 23 )  
9!{l REM 

1!{l!{l REM GET ROW & COL # ' S  
11!{l REM 
12!{l INPUT "BOX ROW # ?  ( 1-18 )  I I  ; R$ 
13!{l R% = VAL ( R$ ) : I F  R% < 1 OR 

R% > 18 THEN PRINT CHR$ ( 7 ) : 
GOTO 12!{l 

14!{l INPUT "BOX COL . #? ( 1-3 8 ) " ; C$ 
15!{l C% = VAL ( C$ )  : I F  C% < 1 OR 

C% > 38 THEN PRINT CHR$ ( 7 )  : 
GOTO 14!{l 

16!{l REM 
17!{l REM PLOT APPLE 
18!{l REM 
19!{l FOR K = !{l TO 2 
2!{l!{l FOR J = !{l TO 2 
21!{l BA% = SA% ( R% + K )  + ( C%-1 )  + J 
22� FOR I = 1 TO 8 
23!{l READ V% : POKE BA% + ( I - 1 )  * 

OFST% , V% 
24!{l NEXT I , J , K 
25!{l END 
37!{l REM 
38!{l REM ADDR . TABLE 
39!{l REM 
4!{l!{l DATA 8192 , 832!{l , 8448 , 8576 , 87!{l4 , 

8832 , 896!{l , 9!{l88 , 8232 , 836!{l , 8488 
41!{l DATA 8616 , 8744 , 8872 , 9!{l!{l!{l , 9128 , 

8272 , 84!{l!{l , 8528 , 8656 
48!{l REM 
49!{l REM APPLE TABLE 



5�� REM 
5 1� DATA �� � ' � ' � , 8� , 84 , 84 , 42 
52� DATA J , 6 , 12 , 12 , 12 , 42 , 42 , 85 
53� DATA � ' � ' � ' � ' 5 , 21 , 5 , 2  
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54� DATA 42 , 42 , 21J , 21J , 21J , 17� , 17� , 17� 
55�  DATA 85 , 85 , 17� , 17� , 17� , 21J , 21J , 21J 
56� DATA 2 , 2 , 1JJ , 1JJ , 149 , 1J 8 , 1J8 , 1J� 
57� DATA 84 , 84 , 8� , 64 , � , � ' � ' �  
58� DATA 42 , 42 , 42 , 1� , � ' � ' � ' �  
59� DATA 5 , 1 , � ' � ' � ' � ' � ' �  

Listing 9-3. POKE color apple. 

L i ne  6</J i n it i a l izes the variab le  OFST% ,  wh ich  rep resents the offset or 
d iffe rence i n  add resses between  eac h row of dots with i n  a box . L i n e  6© 
a l so D I Mens ions  the ar ray SA% , w h i c h  conta i n s  the  sta rt i ng  add resses fo r 
the  twenty rows of boxes ava i l ab le  o n  the l eft s i de  of the  m i xed sc ree n .  
The  va r iab les a re i nd i cated a s  i ntege rs i n  o rder  t o  speed executio n .  L i n e  7© 
R EA Ds the va l u es fo r the sta rt i ng  add ress from the add ress data fab le ,  and 
l i ne 8</J sets the  H i -Res mode with the c u rso r  in  the  text wi ndow. 

L i nes 1 2© and 1 311) i n put the row n u m be r  and check to i n su re that it i s  
wi th i n  the p roper range.  Even though there a re twenty rows of boxes on 
the m ixed H i -Res sc reen ,  the sta rt i ng  box fo r the apple m u st J:>e between  1 
a n d  1 8  s i nce the  figu re occu p ies th ree boxes ve rti ca l ly, and  begi n n i ng at 
l i ne n i neteen wou ld cause the app le  to t ry to p lot i n  the range occu p ied by 
the  text w indow. Even though it i s  poss i b l e  to p lot i n  the l ast fou r  rows, the 
app le  wou ld not be v i s ib le  in m ixed mode,  so no p rovi s ion  has been m ade 
to do so in t h i s  l i st i ng .  

L i nes 1 4© and  1 5© accept the co l u m n  n u m ber  and  ver ify that i t  i s  be
tween 1 and  38 so that the e nt i re width of the app le  wi l l  p lot on the 
sc ree n .  

L i nes 1 9</J t h rough 24© d o  t h e  actua l  POKE i ng of t h e  d ata va l ues d eve l
o ped in F igu res 9-2A th rough 9-2 1 .  The va r iab le  " K" i ndexes the rows 
w h i le "J " i ndexes the co l u m ns ;  they each take on th ree va l u es,  ©, 1 ,  and 
2 .  In  l i ne 2 1 </J, the add ress of  the box to be fi l l ed i s  ca l cu lated by add i ng 
t he  sta rt i ng  add ress of the row of boxes bei ng  fi l led (SA% ( R% + K ) ) ,  to the 
co l u m n  add ress ( ( C%-1)  + J) . 

Li nes 22</J-24</J read each of the e ight data va l u es fo r each box, ca l cu late 
the  fi na l  add resses by add i ng the proper m u lt i p l e  of the offset to the base 
add ress, and  then POKE eac h va l u e  i nto its add ress .  

Ru n the p rogram a few t i mes and t ry d iffe rent locations  for the app le .  
You wi l l  not ice t hat the  p i ctu re c h a n ges co l o r  depe n d i n g  on  w h ich  
co l u m n  you se lect . To  he lp  u nderstand  why, l et' s cons ide r  the dots a t  the  
extreme left of  the app le :  the th i rd ,  fou rth ,  and  fifth  rows of  box D .  When 
that box i s  p lotted on  the left edge of  the sc reen ,  those dots wi l l  d i sp lay 
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b l ue  as they are i n  an  even co l u m n  (zero) and a gro u p  2 byte . When  box 
D i s  p lotted in the second co l u m n  of boxes from the l eft, those same dots 
d i sp lay orange s i n ce they a re now i n  an odd col u m n  of dots (seven ) . That 
patte rn a lte rnates ac ross the width of the sc ree n .  

Another weakness of t h e  p rogram i s  that you a re constra i ned to a lways 
se lect the app le' s posit ion  i n  i nc rements of a fu l l  box .' That i s ,  you may not 
choose to d raw the app le  sta rt i ng  th ree and  one-ha l f  boxes i nto the sc reen ,  
but  i n stead you m u st a lways use a who le  n u m ber  of  boxes . There a re 
tec h n iq ues wh ich  let you POKE the figu re begi n n i ng with any of the 280 
col u m ns and 1 60 rows on  the sc reen ,  but they wi l l  not be pu rsued he re, as 
the resu lts are bette r accomp l i s hed us i ng the methods d i scussed in the  
chapters cover ing  Shapes and Byte-Move G raph ics .  

Everything You Know Is False 

I n  t h i s  sect ion we appea r to contrad ict a port ion of what we have j u st to ld  
you .  We have sa id ( repeated ly) that there are 280 posit ions  ac ross the H i 
Res sc reen ,  but now we attem pt to convi nce you that there a re o n ly 40 
pos it ions, and a l so that there a re 560 posit ions ,  and  someti mes 1 40 pos i 
t ions .  ARRG H ! !  H opefu l ly, by tem pora ri ly  confu s i ng  the i ssue,  we wi l l  
c l a r ify it .  The pu rpose i s  to prov ide you with seve ra l c lear a n d  accu rate 
mode ls  fo r u se ·with the H i -Res sc reen - not p hys ica l  mode ls ,  but rather  
conceptua l  ones wh ich  wi l l  he lp  st ructu re you r  th i n k i ng and s i m p l i fy you r  
task when des ign i ng H i -Res output .  Eac h model  i s  based on  a d iffe rent 
n u m ber  of posit ions  ac ross the sc reen ,  but they do u se the same n u m ber  
o f  posit ions  down the  screen :  1 60 rows of  dots ( 1 92 fo r fu l l  sc reen) . 

Why 4(1? 

The exp lanat ion of the 40 pos i t ion mode l  i s  easiest s i nce you have a l ready 
dea l t  wi th  i t ,  pe rhaps u n knowi ng ly .  To p rocess any dot, you m u st u navo id
ab ly deal  wi th  the byte wh ich conta i n s  that dot, and  there a re o n ly 40 
bytes ac ross each l i ne of the sc reen .  When you deve loped and  p lotted the 
H i-Res app le ,  you r  des ign was deve loped i n  o ne-byte i nc rements and  
p lotted w i th  the  cons ideration  of  havi ng on ly 40 boxes o r  bytes ac ross the  
sc reen i n  wh ich  to  d raw the figu re .  

What About 28(1? 

The 280-pos it ion model  i s  sti l l  va l i d .  Each of the 40 bytes d i sp lays seven 
dots, and that y ie lds  280 dots ac ross the sc ree n .  The 280-dot concept i s  
u sefu l when you a re des ign i ng you r  figu res, bu t  when you  beg i n  to  d ig it ize 
the d ata, you natu ra l ly adopt the 40-posit io n  mode l ,  perhaps without rea l 
i z i ng  i t .  Refer to  the sect ion where you worked wi th  the H i -Res app le ,  and  
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n ot ice how the 28©-dot model  l ed  i nto the 4©-byte mode l  with no t roub le  
a t  a l l  when you  began to  d igit ize the figu re .  

Only 1411 

When worki ng  with co lors on the  H i - Res sc reen ,  most game program mers 
cons ider  the width of the  sc reen to be com posed of o n ly 1 4© ava i lab le  
d ots . C lea r ly, it req u i res two adjacent dots to  d i sp lay wh ite, and if you 
wou ld  d i sp lay a l i ne of green dots, then  between  eac h g reen dot there i s  a 
b l ack  one,  so you can see that it takes two dots to d i sp lay a co lor  a l so .  I f  
you  look  bac k  a t  F igu re 9-2 ,  the p ictu re o f  the  H i -Res app le ,  you wi l l  see 
that on ly  every second dot was u sed fo r the co lo red portions .  S i nce a u n it 
of co lo r  req u i res two dots, you may reasonab ly  i nte rpret the  screen to 
a l low o n ly 1 4© u n its of co lor  ac ross . 

Fu rther, when you p lotted the  app le  i n  d iffe rent posit ions, the co lors 
changed depend i ng  on  where it was p lotted . I n  orde r  to ma i nta i n  the 
o rig i na l  co lo rs, any  dot that was o rig i na l ly  even m u st a lways be p lotted as  
a n  even dot, and  the same idea fo l lows fo r the  odd dots . To accomp l i s h  
t hat, the figu re m u st be  moved i n  m u lt i p l es o f  two dots a t  a t ime ,  so  fo r t h i s  
reason a l so, there a re on ly 1 4© poss ib l e  posit ions across the scree n .  

Would Yau Believe 5611? 

Desp ite what the App le  doc u m entat ion says, t he re a re actua l ly 56© dots 
ava i lab le  ac ross the  H i -Res sc reen .  By now you p robably t h i n k  we are 
tota l ly bon kers, so we wi l l  p rove o u r  po i nt by demonst ratio n .  Fi rst, ente r  
the  Mon ito r, and  then  the H i-Res mode,  by  typ i ng :  

CALL -151 
C�5� 
C�57 

N ext, c lear the  decks fo r act ion by typ i ng :  

2��� : � 
2��1 < 2��� . JFFEM 

If t h i s  seem s  obscu re to you ,  perhaps another  read i n g  of the Mon itor and 
Soft Switch chapters i s  needed . 

- F igu re 9-3 shows the hex add ress of the fi rst byte for each of the fi rst 1 4  
screen l i nes,  and the dot and  bit patte rns  for 1 4  va l ues to be p laced i n  
those locat ions .  
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HEX HEX BIT DOT 
....h.PP3�§§ _ _ _  Y8���------�8II�fiN _ _ _ _ _ _  E�II�BN _ _  

2!il!il!il !ill !il!il!il!il !il!il!ill 
24!il!il 81 l!il!il!il !il!il!ill 
28!il!il !il2 !il!il!il!il !il!ill!il 
2C!il!il 82 l!il!il!il !il!ill!il 
J!il!il!il !il4 !il!il!il!il !ill!il!il 
J4!il!il 84 l!il!il!il !ill!il!il 
J 8!il!il !il8 !il!il!il!il l!il!il!il 
J C!il!il 88 l!il!il!il l!il!il!il 
2!iJ8!il l!il !il!il!ill !il!il!il!il 
248!il 9!il l!il!ill !il!il!il!il 
288!iJ 2!il !il!ill!il !il!il!il!il 
2C8!il A!il . l!ill!il !il!il!il!il 
J !il8!il 4!il !ill!il!il !il!il!il!il 
J48!il C!iJ ll!il!il !il!il!il!il 

Figure 9-3. 

P lace the va l ues i n  memory by typ i n g  
2!il!iJ!iJ : !ill 
24!iJ!il : 81 
28!iJ!iJ : !il2 

J48!iJ : C!il 

X------
X------
-X-----
-X-----
--X----
--X----
---X---
---X---
----X--
----X--
-----X-
-----X-
------X 
------X 

Looki ng  at the dot patte rns ,  the  expected resu lt i s  seven pai rs of dots, with 
one d ot of the pai r d i rect ly  above the other .  

H owever, when you enter  the va l u es, what you get i s  a d i agona l  l i ne ;  
the  pai rs of dots a re not stacked as we expected,  even though the same 
d ot was tu rned on  i n  eac h byte o f  the pai r .  Th i s  phenomenon  re l i es o n  t he  
fact that the fi rst byte i n  eac h pai r was i n  co lo r  gro u p  o ne, and  the second  
byte was from gro u p  two, as determ i ned by  the co lor  b i t  on  the left s ide of 
the byte . 

One byte of screen memory actua l l y  contro l s  fou rteen  dots on  the 
sc reen ,  and the two sets of  seven d ots a re i nte r leaved as s hown in  F igu re 
9-4. 

DOT # 1 2 3 4 5 6 7 

l • l • l • l • l • l • l • l • l • l • l • l • l • l • I 
• G RO U P  1 
i G RO U P  2 

Figure 9-4. Double dot picture. 
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One set of seven dots may be d i sp layed by sett i ng  the co lor  bit to d i sp lay 
g roup  1 ,  and  the other  seven a re d i sp layed by sett i ng  the co lor  bit to grou p 
2 .  For exam ple ,  change the gro u p  two va l u e  i n  locat ion  $24(/)(/), wh i ch  i s  
p resent ly 1 (/) (/)(/) (/)(/)(/) 1 , t o  t h e  eq u iva lent gro u p  one  va l ue, (/)(/)(/)(/) (/)(/)(/) 1 , a n d  
then  back aga i n  b y  typ i ng :  

2400 : 01 
2400 : 81 

You wi l l  see the dot in  l i ne two move s l ight ly to the left, and then back to 
the  r ight even though i n  both cases i t  was the l eft-most dot of the group  
bei ng d i sp layed . 

The poi nt i s  that there are actua l l y  56(/) dots across the H i -Res screen ,  
though o n ly ha l f  the dots i n  any byte a re avai lab le  a t  any one t ime .  The  
fact that the gro u p  2 dots a re s l i ght ly  to  the r ight of  the grou p 1 dots may 
be exp lo ited to d raw a smoother  l i ne than poss i b le with j u st one co lor  
g roup ,  as we d i d  in  the examp le, o r  to smooth the out l i nes of  figu res on 
the  screen in  o rder  to i m p rove the i r looks .  

How1s That Again? 

The res u lt of a l l  t h i s  d i scu ss ion  i s  that there a re 56(/) dots ac ross the H i -Res 
sc reen ,  28(/) of wh ich  a re potent i a l l y  d i sp layab le .  There are 1 4(/) pai rs of 
d ots ava i lab le  when  generati ng co lor, and a l l  the data for a l i ne on the 
screen m u st f i t  i nto 4(/) bytes . You u se the u n its and mode l  wh i ch  a re most 
conven ient for you r i m med iate pu rpose. 

Hither, Dither, and Yon 

Accord i ng to the App le  doc u m e ntation ,  there a re on l y  s ix  co lo rs ava i lab le  
in  H i -Res mode, i nc l u d i ng b lack and  wh ite . S i nce App le  bu i lt the  com
pute r  one wou ld expect them to be correct, and  they a re - sort of. There 
a re programs  ava i lab le  i n  H i -Res wh ich  u se many more than s ix co lors ,  
and that seems  to contrad ict the refe rence manua l s .  

As  you have seen fo r you rse lf, the  dots on  the  H i - Res screen a re tru ly  
capable of  p rod uc i ng on l y  b lac k, wh ite, v io let, b l ue,  g reen ,  and  o range; 
but when you add to that a good measu re of p rogra m m e r  i m agi nat ion  and 
c reat iv ity, it i s  poss ib le  to  a rt ifi c ia l ly p rod uce extra h u es by a p rocess ca l led 
"d ither i ng ."  

Run the fo l lowi ng p rogram . 

10 REM DITHER DEMO 
20 REM 
30 DLAY = 200 : REM DELAY VALUE 
40 SZ = 50 : REM SIZE 
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50 HGR 
60 FOR Cl = 1 TO 7 
70 FOH C2 = 1 TO 7 
80 FOR Y = 0 TO SZ STEP 2 
90 HCOLOR = Cl 
100 HPLOT 0 , Y  TO SZ , Y  
110 HCOLOR = C2 
120 HPLOT 0 ,  Y + 1 TO SZ , Y + 1 
130 NEXT Y 
140 FOR I = 1 TO DLAY : NEXT I 
150 NEXT C2 
160 NEXT Cl 
170 END 

Listing 9-4. Dithering. 

You shou ld  see a rectang le in the u ppe r left corner  of the sc ree n wh ich  
cont i n ua l l y  changes co lo r, and i n  the  p rocess takes on  some shades other  
than  the bas ic s ix .  You may c h ange the speed by  a lte ri ng  the va l u e  of 
OLAY i n  l i ne 30, and the s ize of the rectang le  is determ i ned by the va l u e  
o f  S Z  i n  l i ne 40. 

A l l  the p rogram does is p lot pai rs of ho r izontal  l i nes in two a lte rnat i ng  
co lo rs (C 1 and C2) ,  then change one or  both co lors and  do  it  aga i n .  As  the  
rout i ne  cyc les, you  can see the bas ic  co lo rs - green ,  b l ue, v io let, o range, 
b lac k, and wh ite - but a l so some other  co lors such  as l ight green and hot 
p i n k .  The extra co lors a re generated by two co lo rs b l u rr i ng  together  to 
form a m ixtu re, for i n stance wh ite and  green b l u rr i ng to fo rm l i ght gree n .  

There a re a g reat m a n y  va r iat ions  used to p rod uce othe r  shades .  Fo r 
exa m p le, you m ight m ix the co lo rs o range and  b lack, by a lte rnat i ng  them 
i n  a chec kerboa rd patte rn to  p rod uce dark  orange, o r  perhaps  by d rawi ng  
a pu re orange l i ne fo l lowed by  a l i ne wh i ch  a l ternates orange and  b lack .  
The poss i b i l it ies a re l i m ited on ly by you r i m ag inat ion .  

There a re a few cons iderat ions ,  however .  Fo r i n stance, i f  you tr ied to 
a lte rnate green and  v io let dots ac ross the sc reen ,  as i n  the  fo l lowi ng sho rt 
program,  you wou ld ru n i nto seve re p rob lems .  

10 HGR 
20 Cl = 2 :  C2 = 1 
30 FOR X = 0 TO 278 STEP 2 
40 HCOLOR = Cl : HPLOT X , Y :  REM VIOLET 
50 GOSUB 100 
60 HCOLOR = C2 : HPLOT X + 1, Y :  REM GREEN 
70 GOSUB 100 
80 NEXT X 
90 END 
100 FOR I 1 TO 200 : NEXT I :  RETURN 

Listing 9-5. 
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Than ks to the de lay loop i n  l i ne 1 ©©, you wi l l  be ab le  to see a l l  the 
act ion when the p rogram ru ns .  The fi rst dot appea rs in  i ts  p roper v io let, 
but then the next dot comes on - not as the expected green ,  but as wh ite, 
and  the fi rst dot tu rns  wh ite with it .  The remai n i ng dots a l so d i sp lay wh ite, 
rega rd less of the co lor  set i n  the progra m .  Remem ber, any t ime two con
secut ive dots in a row are on, they d i sp lay wh ite, so if you wish to a lte r
nate co lors ac ross a l i ne, you m u st l eave one or more b l ack dots between 
each co lo r  and the next (see F igu re 9-5) . 

m 1 m 1 m 1 m  
Figure 9-5. Alternating colors. 

Even if you leave b lack dots between co lored dots, you a re sti l l  not 
com p lete ly  safe . The next l i sti ng  ostens i b ly  p lots v io let i n  co l u m n ©, b l u e  i n  
co l u m n  2 ,  v io let i n  co l u m n  4, b l u e  agai n i n  co l u m n  6 ,  and so o n  ac ross 
the l i ne .  

l� HGR 
2� Cl = 2 : C2 = 6 
3�  FOR X = � TO 276 STEP 4 
4� HCOLOR = Cl : HP LOT X , Y :  REM VIOLET 
5� GOSUB l�� 
6� HCOLOR = C2 : HP LOT X + 2 ,  Y :  REM BLUE 
7� GOSUB l�� 
8� NEXT X 
9� END 
l�� FOR I = 1 TO 2�� : NEXT I : RETURN 

Listing 9-6. 

When the p rogram runs ,  a v io let (gro u p  1 )  dot wi l l  appear in col u m n  ©, 
then  a b l u e  dot wi l l  appea r in co l u m n  2. S i nce b l u e  i s  in g roup  2 ,  the 
ent i re byte wi l l  become gro u p  2 and  the v io let dot wi l l  change to b l ue  
a l so.  N ext, a v io let dot wi l l  be  p lotted i n  co l u m n  4 ,  tu r n i ng t he  p reviou s  
two dots v io let, a n d  then a b l u e  dot wi l l  b e  p lotted i n  col u m n  6 t o  tu rn  
everyth i ng b lue aga i n .  Col u m n  8 i s  i n  the next byte of  memory so when 
the  v io let dot i s  p lotted there, the p rev ious  fou r  dots a re u naffected .  
Co l u m n  1 © d i sp lays b l ue, and then co l u m n  1 2  d i sp lays v io let so that the 
th ree dots in  that byte a re a l l  v io let .  Col u m n  1 4  beg i n s  the th i rd byte, and ,  
as  it d i sp lays b l ue, the p rev ious  th ree dots rem a i n  v io let .  The fi na l  patte rn  
i s  a l i ne wh ich has a lternati ng v io let and  b lue segments . 

Th i s  demonstrates a p ropens ity of H i -Res g raph ics ca l led "c las h i ng ."  
Clashing i s  the i nadvertent switc h i ng of  a dot from one co lo r  g ro u p  to  the  
other  and  occu rs when you attem pt to  p lot co lors from opposite co lo r  
g rou ps with i n  the same byte -the com puter s i m p ly  can not and  wi l l  not do 
it- so the attem pt tu rns  the fi rst co lors p lotted i nto co lo rs from the secon d  
g rou p p lotted . Y o u  can not m ix green with o range o r  b l ue  i n  the same 
byte, nor  can you  pu t  orange o r  b l u e  i n  the same byte as v io let .  C las h i ng i s  
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one of the facts of H i- Res l i fe, and it i s  vi rtua l ly i m poss i b le  to avo id  com
p lete ly, though carefu l p lan n i ng of you r  figu res wi l l  he lp you to m i n i m ize 
i t .  

Wrapping It Up 

By the i r very natu re, the topics d i scu ssed i n  th i s  chapte r a re perhaps the 
most confus i ng  i n  the book .  The co lor  b i t  contro l s  the co lors ava i lab le  to 
the rest of the byte, and  the co lor  of an i n d iv id ua l  dot is determ i ned by 
whether  it is i n  an odd or even co l u m n  of the sc reen ,  and  by the sett i ng  of 
the co lor  b it .  To d i sp lay a given co lor, you m u st fi rst determ i ne whether  it 
i s  in co lor  group  1 o r  2, and then whether  it i s  avai lab le  on  an  even dot or 
an odd dot .  There i s  no way to d i sp lay two d iffe rent co lor  gro u ps in the 
same byte at  a l l ,  and  no way to d i sp lay two co lo red dots next to eac h 
other  without both dots tu rn i ng to wh ite . 

We have seen that, desp ite what the manua l s  say, there a re 56<1.l dots 
across the H i -Res sc reen ,  though you may d i sp lay a max i m u m  of 28<1.l dots 
at any ti me .  If you are worki ng i n  co lor, you a re fu rther  l i m ited to 1 4<1.l 
posit ions  s i nce eac h co lor  i s  ava i lab le  on  o n ly odd o r  o n ly even dots . 
When you a re d igit i z i ng  the data fo r a f igu re, you are fo rced to th i n k  i n  
te rms of havi ng o n ly 4<1.l bytes ac ross eac h l i ne .  The co lor  gro u ps and  the 
odd/even ava i lab i l i ty of  each co lor  i s  s u m marized in  F igu re 9-6 .  

Vocabulary 

Clas h i ng 

Co lor  B it 

Co lor  G roup  

Dither ing 

G roup  1 Colors 

G ro u p  2 Colors 

Group 1 :  
Group 2 :  

Odd Even 
- - - - - - - - - - - - - - - - - -

GREEN VIOLET 
ORANGE BLUE 

Figure 9-6. 
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1 .  U se the POKE statement to d i sp lay the fo l lowi ng co lors at the given 
location  o n  the sc reen .  I t  i s  ass u m ed that co l u m n  (/) i s  the left-m ost 
co l u m n  of dots . 

a .  V io let i n  the  tenth row and twentieth  co l u m n  of dots . 

b .  Orange i n  row ten ,  co l u m n  7 1 . 

c .  B l ue i n  row n i nety, col u m n  1 (/)4 .  

d .  G reen i n  row 1 6(/J, co l u m n  279 .  

2 .  Write a BAS IC p rogram to cyc le  th rough each of  the e ight  va l u es for 
H COLOR and p lot a l i ne of that co lor, fo l l owed by a l i ne wh ich  a lte r
n ates that co lor  with b lack, and  c reates a rectang le  contai n i ng 1 5  pai rs 
of such  l i nes .  The routi ne needs to accou nt fo r the fact that green and 
o range may on ly  be p lotted on  odd co l u m ns,  and  v io let and  b lue o n ly 
o n  eve n .  

3 .  Take t h e  butte rf ly des igned i n  Exe rc ise 3 of Chapte r 8 a n d  d i sp lay i t  i n  
co lor .  
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Objectives 
After read i ng Chapte r 1(/) you s h o u l d  be ab le  to (if fo rced ) :  

• Draw a vecto r d i agram fo r a figu re .  

• L i st and  encode t h e  vecto rs from the d iagra m .  

• G ro u p  t h e  vecto r codes i nto bytes .  

• Deve lop a shape tab le  from one  or  more shapes .  

• Save and  recove r a shape tab le  from d i sk or  tape.  

• Use the shape com mands  to p lot, sca le ,  and  rotate a shape .  

I n  th i s  chapter you wi l l  i nvestigate the p ropert ies of  App le  shapes and 
s hape tab les .  The te rm "shape" i s  u sed he re in  a very specif ic sense .  F rom 
the progra m m e r' s  po i nt of v iew, a shape cou ld be a l m ost any fi gu re - a  
spaces h i p, frog, a l i en ,  and  s o  o n - but to t h e  com pute r a shape i s  a set of 
h igh l y  fo rmatted data wh ich  lets the mac h i n e  p rod uce a d i sp lay o n  the 
scree n .  

Though  u s i n g  a s hape c a n  cost you ext ra t i me  at t h e  outset, i n  pract ice it 
m a kes d rawi ng and  a n i mati ng fi gu res m uc h  faste r and  s im p le r  than  the 
tec h n iq u es we have d i scu ssed in  the prev ious  two chapte rs . S hapes may 
a l so be u sed to s i m u late text on  the H i -Res sc ree n . 

Afte r you d i g it ize a: f igu re to c reate a shape, that s hape can be p lotted on 
the  sc reen as a u n it so that you no lo nger need to concern you rse lf  with 
ca lcu lat i ng  the  necessary add resses, nor the va l ues to POKE .  APPLESOFT 
takes care of a l l  those gru bby l i tt l e  deta i l s ,  and  a l so p lots the shape faste r 
t han  you cou ld  if you u sed the READ and POKE tec h n ique  d i scu ssed i n  
ea r l i e r  chapte rs .  

99 
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We wi l l  show you how to d igit ize a figu re i nto a shape, put the shape 
i nto a shape tab le ,  and how to save the resu lts of you r  l abor .  F rom there,  
you wi l l  u se APPLESOFT to d raw, e rase, rotate, and  sca le  you r  shape.  You 
wi l l  see ve ry q u ick ly  how ted ious  and  t ime-consu m i ng shapes can be if 
you do  them you rse lf. Fortunate ly,  for you r  san ity, any good H i -Res graph
ics ed itor  wi l l  conta i n  a p rov i s ion  fo r mak ing  shapes from the figu res you 
deve lop on  the sc reen ,  so that the mac h i ne does a l l  the men ia l  ca lcu la
t ions  i n stead of you .  We h igh l y  recom mend us i ng  a H i - Res ed itor to make 
s hapes.  

Ta the Vector Belong the Spoils 

To d raw a shape, the  App le  I I  u ses a ser ies of vecto rs wh i ch  te l l  it whether  
o r  not to  p lot the cu rrent poi nt; and  wh ich  d i rect ion to  move to  fi nd the 
next po i nt .  Each vector i s  v i sua l ly  represented by a l itt l e  ar row with a dot 
o n  one  end .  (See F igu re HD- 1 B . ) ·We wi l l  beg i n  with a ve ry s i m p le  figu re i n  
o rder  to i l l u st rate the tec h n ique  and  ru les fo r d i g it iz i n g  a s hape.  F igu re 
H ll- 1  A is the bloc k d iagram of a figu re wh ich  u ses o n l y  th ree dots, and  
F igu re 1 0- 1  B shows the s ix  vectors u sed to  tu rn  them o n  . 

• 
i 

6. � 
�� 0--; 

_._ 
• 

A B 

Figure 1 9-1 . 
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A c losed dot at the begi n n i ng of a vector i nd icates that the po i nt i s  to be 
p lotted,  and  an open dot i n d icates that the po i nt is to be left a lone  
(sk i pped) ,  and the ar row poi nts the d i rect ion  to  the next poi nt .  I t  i s  v ita l to 
remember  that the p lott i ng  or sk i pp i ng  comes befo re the movi ng .  We wi l l  
u se " P" to represent a dot wh ich  i s  to be p lotted,  and  "S" to represent 
one wh ich  i s  sk ipped . A l so, " U "  means that we move u p, "R" r ight, " D" 
d own,  and  " L" left. It req u i res both a p lot/sk i p and  a move com mand  to 
rep resent each vector .  For exa m p le, S D  represents a vecto r wh ich  sk ips 
t he  cu rrent po i nt and  moves dow n .  With that i n  m i nd let' s attem pt to 
m a ke sense out of F igu re 1 ©- 1  B .  

Sta rt i ng  at t h e  begi n n i ng, t h e  bottom b loc k, w e  wi l l  t race t h e  path o f  the 
vectors to i ts  te rm i n u s .  The fi rst vector i nd icates that the po i nt i s  to be 
p l otted , and then we a re to move u p  (PU ) .  The second  vecto r leaves the 
d ot a lone and moves r ight (S R) . The th i rd vector p lots and moves up (PU) ,  
w h i l e  the fou rth ,  fifth ,  and s ixth s ki p  and  move left ( SL ) ,  sk ip  and  move up  
(SU ) ,  and  p lot and move r ight (PR) ,  respect ive ly .  You end  u p  wi th  t h i s  l i st 
of vecto rs :  

PU 
SR 
PU 
SL 
SU  
PR  

The last vecto r p lots befo re it moves, and  the d i rect ion of movement i s  
u n i m portant.  R ight was chosen a rbitra r i l y -the i m portant cha racter i st ic  of 
that vecto r was the p lot to tu rn o n  the l ast po i nt .  

The com puter generates the shape on  the sc reen by fo l lowi ng th i s  ser ies 
of i n st ruct ions :  p lot- u p, sk i p-r ight, p lot- u p, sk i p- left, sk ip- u p, and p lot- r ight .  
You need to encode those vecto rs fo r the mac h i ne u s i n g  b ina ry codes fo r 
each i n struct ion as shown i n  F igu re 1 ©-2 .  

Plot 1 
Skip lil 

Up lillil 
Right !ill 

Down lfl"l 
Left 11 

Figure 1 0-2. Vector codes. 

To encode the fi rst vector (PU) ,  you wou ld u se 1 for P lot and  (/)(/) fo r U p  
t o  get 1 ©©. T h e  second vecto r (S R) y ie lds  ©© 1 , a n d  t h e  th i rd (PU)  gives you 
1 (/)(/) agai n .  Take a p iece of paper and write down the s ix  vectors and  the i r 
re lated codes .  You shou ld  end u p  with : 

PU lfl"llil 
SR : lillill 
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PU 1�!0 
SL �11 
SU ��� 
PR l�l 

To com m u n icate those va l ues to the com puter, you need to put them 
together  to form " byte s ize" p ieces . Fo r the pu rpose of  encod i ng the  
vectors, each byte i s  d iv ided i nto th ree sections, A, B ,  and  C, as shown i n  
F igu re 1 0- 3 .  c B A 

B IT # � .__5__.�4-'-�3
_.
I �l _2_.__1_.__o___. 

Figure 1 1-3. Byte divisions. 

Begi n by p lac i ng the fi rst vecto r code i n  sect ion A, the second  i n  B, and  
the th i rd ( i f  poss ib le) i n  C .  I t  i s  N OT permiss ib le  to  break a code i n  the  
m idd l e  and carry the remai nder  over to  the next byte; you  have no dou bt 
noticed that sect ion C conta i n s  o n ly two bits, so it can n ot conta i n a com 
p lete code .  T h e  logica l  conc l us ion  i s  that sect ion C i s  u n usab le ,  and  you 
m ay a lways leave it b la n k  (00) . H owever, i n  certa i n cases sect ion  C can be 
u sed ; the left hand bit of any code i n  sect ion C i s  ass u m ed to be 0, and  
o n ly the two bits on  the r ight (the  d i rect ion bits) a re entered . For exam ple ,  
1 0  000 1 0 1 wou ld cause the com p uter to execute PR ( 1 0 1 ) , S U  (000) , and 
then S D  ( 1 0) .  

Any vector p laced i n  sect ion C m u st be a "sk i p" vecto r; the th i rd vecto r 
i n  ou r shape i s  a p lot vecto r so it wi l l  not fit i n  sect ion C .  Therefo re, it m u st 
be p laced i n  sect ion A of the next byte . When p lott i ng the shape,  the 
com p ute r wi l l  ignore the two zeros at  the l eft end  of  a byte . I n  fact, any 
zero sect ion of  a byte i s  ignored if a l l  of  the fo l lowi ng sect ions  of  that byte 
a re zero a l so .  For examp le,  with 00 000 0 1 1 ,  the com p ute r wi l l  sk i p and  
m ove left (0 1 1 ) ,  then ignore the rest of  the byte, and  beg i n  the  fo l lowi ng 
byte . I t  fo l lows, then ,  that sect ion C can neve r execute an  up vector (00) , 
s i nce it wou ld be ignored as i n  -00 1 1 1  000 where the com pute r  wou l d  
sk ip-u p (000) , p lot l eft ( 1 1 1  ) ,  and  t h e ri  ignore sect ion C .  I n  that case, t h e  
sk ip-u p vecto r wou ld have to b e  p laced i n  sect ion A o f  t h e  next byte . 

Refe r to F igu re 1 0-4 as we gro u p  the vectors for o u r  s hape.  

BYTE # 1 
2 
3 
4 

C B A C B 

1-----1 

S R  
S L  
P L  

P U  
P U  
S U  

Figure 1 8-4. 

00 00 00 00 

001 01 1 1 1 1  000 

A 1 00 1 00 01 1 000 

H EX oc 1 C  3B 00 
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I n  the fi rst byte, sect ion A conta i n s  the PU code, sectio n  B the code for 
S R, and  sect ion C i s  set to (/)(/) to be ignored . The next PU code i s  i n  sect ion 
A of byte n u m ber  2 ,  fo l lowed by the S L  in  sect ion B ,  and (/)(/) in  C, wh i ch  i s  
aga i n  ignored . The S U  i s  i n  sect ion A of  byte n u m ber  3 ,  fo l lowed by PR 
and then (/)(/). Byte n u m ber  fou r  i s  fi l led with zeros and  marks the end of 
the  shape.  Any shape is ended by the fi rst zero byte encou nte red ; there
fo re, if you i ntend to put the sk i p- u p  code ((/)(/)(/)) i n  sections  A and  B, 
sect ion C M U ST N OT B E  ZEROS!  

Fo l lowi ng these ru les, F igu re 1 (/)-4 shows the e nti re s hape encoded in  
fou r  bytes .  The shape may not be d i sp layed u nt i l it i s  entered in  a s hape 
tab le, but befo re we do that, let' s d i g it ize one  more s hape fo r p ract ice .  

UFO Time 

I f  you d i d  not be l i eve i n  f lyi ng saucers befo re, you wi l l  soon ,  as you are 
a bout to c reate one .  F igu re 1 (/)-SA conta i n s  the b lock d iagram of the 
saucer you wi l l  c reate and F igu re 1 (/)- S B  conta i n s  i ts  vector d iagra m .  

A B 

Figure 1 Cll-5. Saucer. 

It is necessa ry to p lot eac h of the 23 dots shown i n  F igu re 1 (/)-SA, but 
t he  order  i n  wh ich  they are traced is not i m portant .  H owever, changi ng 
the  patte rn of the vecto rs wi l l  a l so a lte r the va l ues u sed in the s hape, so for 
the  sake of cons i stency we suggest that you u se the vectors shown i n  
F igu re 1 (/)-S B .  Fo l low the vectors a n d  write down a l i st of the i r fu nctions  as 
you go . You r  l i st wi l l  look l i ke th i s :  

PR , PR , PR , SR , SD , PL , PL , PL , PL , 
PL , PL,  PD , PR , SR , SR , PR , SR , SR , 
PD , PL , PL,  PL , PL , PL , PL , PD , SR , 
SR , PR , PR , PR 

Go back and doub le  check  you r  l i st; accu racy i s  ted ious  but i m perat ive ! !  

The next step i s  to encode the i n st ructions  a s  bytes . We have done th i s  
i n  F igu re 1 (/)-6 . To be on  the safe s ide ,  the encod i ng i s  done i n  a ser ies of 
sma l l  steps, each of wh ich  is eas i l y  checked . The extra care taken now wi l l  
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he l p m i n i m ize er ro rs wh i ch  can cost you hou rs of t ime and frust rat ion ,  and  
wi l l  red uce the  u rge to  phys ica l ly abuse you r  com puter .  

C B A 

-- PR PR 
SD SR PR 
-- PL PL 

-- PL PL 
-- PL PL 
SR PR PD 

SR PR SR 
-- PD SR 
-- PL PL 

-- PL PL 
-- PL PL 
SR SR PD 

-- PR PR 
-- -- PR 

C B A 

00 101 101 
10 001 101 
00 111 111 

00 111 111 
00 111 111 
01 101 1i0 

01 101 001 
00 110 001 
00 111 111 

00 111 111 
00 111 111 
01 001 110 

00 101 101 
00 000 101 
00 000 000 

Figure 1 1-6. 

HEX 

2D 
8D 
3F  

3F  
3F  
6E 

69 
3 1  
3F  

3F  
3F  
4E 

DECIMAL 

45 
141 

63 

63 
63 

110 

105 
49 
63 

63 
63 
78 

45 
5 
0 

Fi rst, the i n struct ions  a re i n serted i nto the bytes by sect ions, and  then  each 
i nst ruct ion i s  converted to its b i na ry code .  After that, the  resu lt i ng  byte i s  
converted to  hex  and dec i m a l .  You  now have d ig it ized the saucer, bu t  as  
w i th  the fi rst shape, you m u st i n se rt i t  i n  a shape tab le  i n  o rder  to  d i sp lay 
i t .  

Setting the Table 

A shape table i s  a co l lection  of the d igit ized data for one  o r  more shapes, 
up to a maxi m u m  of 255 ,  p l u s  some ext ra i nfo rmat ion at the begi n n i ng 
w h i c h  i s  needed by the mac h i ne .  The fi rst t h i n g  you r  App le  needs to know 
i s  the n u m ber  of shapes conta i ned i n  the tab le ,  and  the next t h i ng  that it 
wi l l  ask i s  where each of the a l l eged s hapes i s  located with i n  the tab le .  We 
wi l l  u se Mon itor to set up a shape tab le  contai n i ng o u r  two shapes at 
memory locat ion $3<lJ<lJ. F rom Mon ito r begi n with 

300 : 02 00 06 00 0A 00 '0C 1C 

The 300 : te l l s  Mon ito r to begi n fi l l i ng memory at add ress $3<lJ<lJ. The fi rst 
byte ( 02 ) , gives the n u m ber  of shapes i n  the  tab le ,  wh i le the second  byte 



CHAPTE R 1 0 - SHAPI N G  U P  105 

( (J(J ) has no mean i ng, but it m u st be there to ho ld  the p lace. The next two 
bytes ( (J6 (J(J ) are u sed by the system to locate the  fi rst s hape i n  the table,  
and the pai r fo l lowi ng ( (JA (J(J ) l ocate the second  shape. (Remem be r  that 
you r  App le  eats add resses i n  lo-byte/h i -byte form . )  The next byte ( (JC )  i s  
the  begi n n i ng o f  the fi rst shape.  Eac h shape i n  a tab le  i s  located b y  a pai r 
of bytes, and  the fi rst shape begi ns  d i rect ly  fo l lowi ng the last pai r of locat
i ng bytes . 

Conti n u e  to enter  the shape tab le  by typ i ng :  
=-� ' 

J(J8 :  J(J (J(J 2D 8D JF JF JF 6E 
69 3 1  JF JF JF 4E 2D (J5 (J(J 

The second byte of th i s  l i ne ( (J(J ) is the end  of you r  fi rst shape, and  the 
second  shape fo l lows i m med iate ly, begi n n i ng with 2D and end i ng  with 
a nother  (J(J . 

Finding Your Shapes 

I f  you put you r  fi nger  at the begi n n i ng of the tab le  (va l ue  (J2 )  and then 
cou nt in ,  you wi l l  fi nd that the fi rst shape begi ns  with the s ixth  byte of  the 
tab le  as we p rom i sed when we ente red (J6 (J(J for the fi rst pa i r  of  locatio n  
bytes . (The (J2 cou nts a s  t h e  ze roth byte o f  t h e  tab le . )  T h e  location  bytes 
g ive the locat ion of the correspond i n g  shc,i.pe RELATIVE  TO TH E B EG I N
N I N G  OF  TH E TABLE .  A va l u e  u sed to specify a locat ion re lat ive to some 
fixed add ress i s  ca l l ed an  offset. The second pai r o f  locat ion bytes i s  (JA (J(J , 
and  s i nce $A eq ua l s  1 © that c la i m s  that the second  shape begi ns  with the 
tenth  byte of  the tab le .  When you key in  a tab le  on  you r  own,  you may 
i n it ia l ly put zeros in  the locat ion bytes fo r eac h shape, and  afte r the rest of 
the  tab le is ente red and the locat ions  a re fixed, go back to the locat ion 
bytes and e nte r the correct offsets . 

Shapes tend  to be long (and d rawn out? ) ,  and  it i s  not u n usua l  to have a 
la rge n u m ber  as an  offset, such  as 2©85 .  To ente r that va l u e  i n  the locat ion 
bytes, fi rst tu rn it i nto a hex n u m ber, 2©85 eq ua l s  $©825 .  D iv ide th i s  
n u m ber  i nto lo-byte ($25)  and h i -byte ($©8) . The fi rst byte for the offset 
wou ld  be $25 ,  and  the second $©8 . (Remem ber lo-byte/h i -byte . )  

Using Draw 

If you have worked with you r own shapes, at t h i s  po i nt you wou ld have 
spent a great many hou rs in des ign i ng, d i g it iz i ng, and e nteri ng the data (a 
marve lous  form of self pu n i s h ment ! ) . You are fi na l l y  ready to do one of 
th ree th i ngs :  ( 1 ) ,  d i sp lay the shapes; (2 ) ,  fo rget the who le  t h i ng  or (3 ) ,  
ass ign the p roject to someone you detest ! We wi l l  se lect option  one .  

I f  you have been fo l lowi ng  a long, you p resent ly have the shape tab le  
e nte red at $3©©. P r io r  to  d rawi ng the shapes, you need to  i nform you r  
App le  as to the tab le 's  whereabouts by p lac i ng the sta rt i ng  add ress of the  
tab le  at  memory locations  232  and 233  ($E8 and  $ E9) . APPLESOFT a lways 
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l ooks i n  those locat ions  to fi nd the sta rt i ng  add ress of the c u rrent shape 
table,  and if you fo rget to load the p roper add ress, there i s  no tel l i ng what 
i s  go i n g  to pop u p  o n  the d isp lay .  S i nce you a re sti l l  i n  Mon itor, type 

E8 : 00 03 

Th i s  wi l l  put the add ress $0300 ( remem ber  lo-byte/h i -byte) i n  the p roper 
l ocation . F i na l ly, key in  and  ru n the fo l lowi n g  p rogra m .  

1� REM SHAPE DEMO 
20 REM 
30 ROT = 0 :  REM SET ROTATION TO 0 
40 s = 1 
50 HGR : HCOLOR = 3 
60 FOR I = 70 TO 190 STEP 30  
70  SCALE = S :  REM SET SCALE TO  S 
80 DRAW 1 AT I , 30 
90 DRAW 2 AT I , 100 
100 S = S + 1 : REM INCREMENT S 
110 NEXT I 
120 END 

Listing 1 9-1 . 

L i ne  30 sets the rotat ion of the figu re to 0 (no rotat ion )  so it wi l l  be 
d rawn as it was des igned,  and l i ne 50 sets the H i -Res g raph ics mode and 
then  sets HCO LOR to 3 (wh ite 1 ) .  L ine  70 sets the sca l i ng facto r to  the 
p resent va l u e  of S; the sca l i ng factor wi l l  i n c rement from one  th rough five . 
At SCALE  = 1 ,  the figu re i s  the same s ize as it was des igned,  and  at SCALE  

= 5,  it i s  five t imes the or ig i na l . The SCALE  may be  set to  any n u m ber  
from zero to  255 ,  but, as you wi l l  see, i n c reas i ng  the SCALE  tends  to 
g reat ly d i sto rt the shape.  I f  you wi sh ,  you may set SCA LE  = 0, but zero 
corresponds to 256,  and the shape wi l l  be en la rged beyond recog n it ion . 

L i ne  80 D RAWs shape n u m ber  1 begi n n i ng at the coord i nates g iven by 
1 , 30 and  l i ne 90 D RAWs shape 2 at I ,  1 00 .  The coord i nates denote the 
p l acement of the po i nt of  or ig i n fo r the shape -the p lace where the cha i n 
of vecto rs began .  

I f  eve ryth i ng  was entered a s  spec if ied , t h e  p rogram wi l l  d raw five copies 
of both shapes, and eac h copy wi l l  i nc rease in s ize .  

Saving Shape Tables 

I f  you have a d i sk d rive, you may save the tab le  by u s i ng  BSAVE to save 
the  range of memory wh ich  conta i n s  it. Remember  to save the fi na l  00 
with the rest of the tab le ,  otherwise you wi l l  get some u n pred ictab le resu lts 
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as the com puter d raws off the end  of you r  shape and  on  i nto memory 
garbage . To save the tab le  cu rrent ly i n  memory, type : 

BSAVE TABLE1 , A$3�� , L$19 

o r  

BSAVE TABLE1 , A768 , L25 

The on l y  d iffe rence between the two i s  that the fi rst g ives the add ress (A) 
and  length (L) i n  hex, and the second gives them i n  dec i m a l .  If you add the 
fo l lowi ng l i nes to L i st i ng  1 0- 1 , they wi l l  automat ica l ly load the tab le  and  
i nform the App le  of  its locat ion when the p rogram i s  ru n .  

2 2  PRINT CHR$ ( 4 ) ; "BLOAD TABLEl" 
24 REM CHR$ ( 4 )  IS CTRL-D 
26 POKE 232 , � :  POKE 233 , 3  
2 8  REM $ �  INTO $E8 , $3 INTO $E9 

A longer shape tab le  may not fit at $3(/)(/) s i nce o n ly the range $3©©-$3 B F  i s  
ava i l ab le ;  a tota l o f  1 92 bytes .  (See t h e  memory map i n  Chapte r 3 . )  Long 
tab les a re often p laced u p  at  the top of  avai l ab le  memory, and  then 
H I M EM set u nde rneath them so they wi l l  not be overwritten by the var ia
b les of you r  APPLESOFT p rogra m .  Fo r a 48K mac h i ne,  DOS sets H I M EM to 
$96©© (384©©) , so if you r  shape tab le  was $1 (]')(]') (256) bytes long you wou Id 

BLOAD [tablename ] , A$95�� 
HIMEM : 38144 

or, i n  dec ima l ,  

BLOAD [tablename ] , A38144 
HIMEM : 38144 

A more thorough d i scuss ion of the use of B LOAD and  H I M EM can be 
fou nd i n  Chapte r 7 where we cove red sav i ng  the Low-Res sc reen .  

I f  you wish  to save the tab le  on  tape, you m u st enter the Mon itor and  
u se a va r iat ion of  the Write com mand to  save the memory range conta i n 
i ng the tab le .  You m u st know the hex va l ues fo r the fi rst add ress, the l ast 
add ress, and  the length of the tab le .  I n  the tab le  that conta i n s  the sauce r, 
t h i s  wou ld be $3©©, $ 3 1 8, and $ 1 9, respect ive ly .  F i rst, you put the length 
of the tab le  in locat ions (]') and  1 by typ i ng :  

� :  19  ��  (Remem ber lo-byte/h i -byte) 

then write the i nfo rmat ion onto the tape u s i ng  the Mon ito r "W" . Write 
bytes zero and one onto the tape (they conta i n  the length of the tab le ) ,  
and then i m med i ate ly write the tab le  itself . To do a l l  th i s  in  one i n struc
t ion ,  you cou ld  type : 

� . lW 3�� . 318W 
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Reme m ber  to let the tape ru n for a moment on  the record sett i ng  between 
typi ng  the second "W" and p ress i ng  the retu rn key. 

You may u se the Mon itor REA D  com mand to re load the tab le ,  but 
APPLESOFT has a m u c h  bette r method u s i ng  the S H LOAD com m a n d .  
S H LOAD loads t h e  shape tab le  from tape and  stores i t  j u st be low H IMEM.  
H IM EM i s  set be low the tab le  to  p rotect it, and  the sta rt i ng  add ress o f  the  
tab le i s  p laced i n  $ E8 and  $E9 .  The beauty of  th i s  p rocess i s  that a l l  t he  
deta i l s  a re taken care of  automatica l ly .  The on l y  com mand you  g ive i s  
S H LOAD, and ,  u n l i ke the Mon itor com mand ,  S H LOAD may b e  u sed from 
with i n  a BAS IC  p rogram . For ou r exam ple ,  rew ind  you r  shape tab le  tape, 
push  the p lay button ,  type 

SHLOAD 

and eve ryth i ng is done fo r you . TA DA! !  

The tab le may a l so be loaded d i rect ly  as part of the p rogram by us i ng the 
POKE statement. L i sti ng  1 0-2 POKEs the data for our  shape tab le ,  asks you 
to specify the sca l i ng facto r ( 1 -255 ) ,  and  then d raws the saucer  on  the 
screen with  ten d iffe rent rotat ion va l ues . 

Learning by ROT 

ROT = Ill causes the s hape to be or iented i n  the same way as it was 
defi ned - no rotat io n .  When ROT = 1 6, D RAW wi l l  show the shape rotated 
90 degrees c lockwise from the o rig i na l ,  ROT = 32 rotates 1 80 degrees, and  
ROT = 48 rotates i t  2 70 degrees c lockwise (90 degrees cou nte r-c lockwise) . 
ROT = 64 i s  back where it sta rted , and  so fo rth i n  i nc rements of 1 6  a l l  the 
way t h rough 256 .  

The ROTation paramete r i s  parti a l ly  dependent on  the sett i ng  of  SCALE .  
Accord i ng to  the  APPLESOFT manua l ,  a t  SCALE = 1 ,  o n ly the fou r  rotat ion 
va l ues [Ill , 1 6, 32 ,48] a re recogn ized . However, as you can see by u s i ng  
L i st i ng  1 0-2,  t he  va l ues [8, 24,40, 56] a l so work a t  SCALE = 1 .  A t  SCALE = 2 ,  
s ixteen rotat ions a re ava i lab le, w i th  [4, 1 2 ,2©,28, 36,44, 52 ,60] bei ng the ad
d it iona l  va l ues .  The l a rge r the scale, the more rotat ions  ava i lab le,  up to a 
poi nt .  If you set ROT to a va l u e  it does not recogn ize, it wi l l  rotate the 
s hape to a va l ue  it does  recogn ize .  

H opefu l ly, th i s  p rogram wi l l  demonst rate and  c l a r ify a l l  of  those ru les 
concern i ng  ROT. P lease ru n the p rogram and watch the va l ues of ROT at 
the bottom of the sc reen ,  and the effects they have on the  figu re . You wi l l  
have to press reset to end  the p rogra m .  

1 �  REM DEMONSTRATE 
2� REM POKING TABLE 
3� REM 
4� REM POKE ADDRESS 
5� REM OF TABLE 



6� POKE 232 , � :  POKE 233 , 3  
7� REM 
8� REM READ AND POKE 
9� FOR L = 768 TO 789 
1�� READ V :  POKE L , V  
11� NEXT L 
12� REM 
13� REM INITIALIZE 
14� REM 
15� HOME : VTAB 21  
16� HGR 
17� HCOLOR = 3 
18� INPUT "SCALE? " ;  S$ :  SCALE = 

VAL ( S$ )  
19� R = � 
2�� REM 
21� REM BEGIN LOOP 
22� REM TO PLOT SHAPES 
23� REM 
24� FOR I = 1� TO 244 STEP 26 
25� ROT = R 
26� DRAW 2 AT I , 1�� 
27� REM PRINT ROT VALUES 
28� PRINT II " ; R ; " " ; 
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29� R = R + 2 : REM INCREMENT ROT VALUE 
3�� NEXT I 
3 1� PRINT 
32� PRINT "ROTATION VALUES" 
33� INPUT "PRESS RETURN TO 

CONTINUE" ; R$ :  GOTO 15� 
34� END 
3 5� REM 
36� REM DATA TABLE 
37� REM 
38� DATA 2 , � , 6 , � , 1� , � , 12 , 28 , 48 , � , 45 ,  

141 , 63 , 63 , 63 , ll� , 1�5 , 49 , 63 , 63 , 63 ,  
78 , 45 , 5 , �  

Listing 1 1-2. 

An Apple a Day . . .  

T h e  fo l lowi ng sect ion c reates a shape from o u r  pere n n ia l  app le, and dem
onstrates how to p lace the po i nt of  orig i n anyp lace you l i ke in  a s hape. 
O n ly the fi rst seve ra l vecto rs a re d ig it ized , then L i st i ng 1 lll-3 g ives you the 
e nt i re shape as a shape tab le  in o rder  to spare you the t roub le .  For ( re la
t ive) s i m p l i c ity, the shape i s  d rawn by p lott i ng  every dot i n stead of every 
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secon d  dot, so you wou ld expect to a lways have a wh ite app le  ( remem be r  
that consecut ive dots d i sp lay wh ite ! ) ,  b u t  you wi l l  soon see d ifferent ly .  
F igu re 1 ©-7A gives the b lock d iagram for the shape, and  1 ©-7B  shows the 
begi n n i ng of the vector d iagra m .  

A. r:::::m: 

::::· ::::: :::: :::: ::::: .:::: ::::: ::::: ::::: ::::: ::::: :::: ::::: ::::: ::::· ::::: 
. :::: ::::: ::::: ::::: ::::= ::::: :::: ::::= ::::: ::::: ::::: ::::: :::: ::::: ::::: 

::::: ::::: .:::: ::::· ::::: ::::: ::::: ::::: :::: ::::· ::::: :::: ::::: ::::: .::::· 
:::: ::::· ::::: ::::: ::::· ::::: .:::: ::::: ::::: ::::: ::::: ::::: :::: ::::: ::::: 
::::: .:::: ::::= ::::: ::::: ::::: ::::: .:::: ::::· ::::: .:::: ::::: ::::: :::: ::::: 

� ��� »$ $ � $ � � $ � � $ � � 
�� 2�� 2�� $�� $�� $ � � 
�*� 0*� 0*� 0* � * * � * * � 

�$ $ � $ $ � $� �$� � $ $ � $ 
� 2�� � � * $ � * $ � � 2��$ 
::::: .:::: ::::: ::::: ::::: ::::· ::::: .:::: ::::· ::::: ::::: ::::: ::::: .:::: ::::: ::::: 

::::: ::::: :::: ::::: ::::: ::::: ::::: .:::: :=:: ::::: .:::: :=::: ::::: ::::: ::::: 
::::· ::::: ::::: :::: ::::: ::::: ::::: ::::: ::::: ::::: ::::: .:::: ::::· 

::::: ::::: ::::: ::::: ::::: ::::· ::::: ::::: ::::: 

B. 

r 
l [ 

� rn  0 
• 
o .. o • 0 • f--I--o .. o f-I-• 0 

�10 • 0 • 
o .. o • 0 • 

o .. o • 0 • 
• 

Figure 1 9-7. Apple figures. 

The vectors p lot one po i nt with i n  the app le,  and  then ,  without p lott i ng, 
m ove to the top of the stem . A figu re i s  a lways ROTated a ro u n d  its or ig i n ,  
and  by p lac i ng the po i nt of  or ig i n as we have, the app le  wi l l  rotate about 
its center i n stead of the top .  The o n ly reason  to p lot the or ig i n i s  to show 
i ts locat ion ,  and it cou ld  j u st as we l l  have been sk i pped . The fi rst twenty 
vecto rs a re :  

PU SU SL SU SU SL SU SU SL SU 
SU SL SU SU SL SU SU SR PR PD 

Figu re 1 ©-8 gives you the fi rst port ion of the d igit izat ion . 

C B A 

SL SU PU 
SL SU SU 
SL SU SU 
SL SU SU 
SL SU SU 
SR SU SU 
-- PD PR 
-- PD PR 

C B A 

11 ��� 1�� 
11 ��� ��� 
11 ��� ��� 
11 ��� ��� 
11 ��� ��� 
�1 ��� ��� 
�� 11� 1�1 
�� 11� 1�1 

HEX 

C4 
c� 
c� 
c� 
c� 
4� 
3 5  
3 5  

Figure 1 9-8. 

DECIMAL 

196 
192 
192 
192 
192 
64 
53 
53 
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Sections  A and  B conta i n t h e  code t o  move u p  ( 00 ) fo r t h e  fi rst s i x  bytes, 
a r id  sect ion C conta i n s  the code to move left ( 11 )  for the fi rst five, w h i le 
the  s ixth  causes a move to the r ight .  It m ay seem p retty s i l ly to move to the 
l eft in n u m ber  5 and then i m med iate ly r ight in n u m ber  6 i n stead of movi ng 
stra ight up in both of the m .  Remem ber, however, that if n u m ber  5 were 
o n ly to move u p, it wou ld  be a l l  zeros - 00 000 000-and  wou ld er rone
o u s ly s igna l  the  end of the shape, so the s m a l l  deception  i s  necessary .  The 
rema inder  of the shape is  d igit ized in the same man ner  as the saucer, so 
i n stead of be labor i ng the poi nt, j u st enter Mon itor and  type the shape tab le 
g iven in L i st i ng  1 ©- 3 .  

300 : 01 0 0  0 4  0 0  C4 C0 C0 C0 
308 :  C0 40 3 5  3 5  3 5  3 5  2B 4D 
3 10 : 09 89 3 F  3F  FF FF 3B FF 
3 18 : 2A 2D 2D 2D 2D 2D 2D 2D 
320 : lE 3F 3F 3F 3F 3F 3F 3 F  
328 : 1 7  2 D  2 D  2 D  2 D  2 D  2 D  2D 
330 :  3E 3F 3F 3F 3F 3F 3F 37  
338 : 2D  2D  2D  2D  2D  2D  2D  15  
340 : 3 F  3F  3F  3F  3F  3F  3F  3 F  
348 : 2 E  2 D  2 D  2 D  2 D  2 D  2 D  2D 
3 50 : 2D 15 3F 3F 3F 3F 3F 3 F  
3 58 : 3F  3F  3F  0 E  2 D  2 D  2 D  2D 
360 : 2D 2D 2D 2D 3E 3F 3F 3 F  
368 : 3F  3 F  3F  3 F  37 2 D  2 D  2D 
370 : 2D 2D 2D 2D 35 3F 3F 3F  
378 : 3F  3 F  3F  3F  2E  2D  2D  2D 
3 80 : 2D 2D F5 3B 3F 3F 3F 4E 
388 : 2D 2D 05 00 

Listing 1 Cll-3. Apple shape table. 

The fi rst byte dec la res that there is one shape i n  the  tab le, and  the 
second byte i s  u n u sed . The th i rd and fou rth bytes g ive you the offset for 
the  fi rst (and on ly) shape:  4 ( remem ber  lo-byte/h i -byte) , and the fo l lowi ng 
byte i s  the begi n n i ng of the shape .  

Save the tab le  ( i f  you have a d i s k) by typ i n g  

BSAVE APPLESHAPE , A$300 , L$8C 

To see what you have accomp l i s hed,  type 

POKE 232 , 0 : POKE 233 , 3  
HGR : SCALE = l : ROT = 0 
DRAW 1 AT 100 , 100 

The fi rst l i ne te l l s  the system where to fi nd the tab le, the second  is  obvious,  
and the th i rd d raws the shape from that tab le  on  the H i - Res sc reen .  I f  you 
managed to get a l l  of the n u m bers keyed in correctly, you wi l l  see a l itt le  
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wh ite app le in the cente r  of you r  sc reen .  I f  t h i s  i s  not so, ente r  Mon ito r and 
l i st the  memory range fo r the tab le  by typ i ng  

3f3f3 . 38F 

and c heck you r  n u m be rs aga i n st the ones in L i st i ng 1 ©-3 . 

I f  the app le  d i d  tu rn  out correct ly, let' s labe l  it u s i ng  a second shape 
tab le .  From with i n  Mon ito r, p lace the new tab le at memory location  $4©©© 
by typ ing  

4f3f3f3 : f34  f3f3  f3A  f3f3  21 f3f3  2E  f3f3 
4f3f38 : 36 i3i3 24 24 24 24 24 f3C 
4f31f3 : f3C 2D 6D 15 36  36 3E 3F 
4f318 : 3F  f36 49 f39 36  36 36 36 
4f32f3 : f3f3 24 24 2C 2D 35 36 36 
4f328 : 3F  3F 36 36 36  f3f3 24 24 
4f33f3 : 24 24 24 24 24 f3f3 24 24 
4f33 8 : 2C 2D 35 3E 3F 96 2D 2D 
4f34f3 : f3f3 

Listing 1 9-4. Apple text (courtesy of Dean Lewis]. 

Th i s  tab le  conta i n s  fou r  shapes representi ng the l ette rs A, P, L, and E .  Save 
th i s  tab le (aga i n ,  o n ly if you have a d i sk) by typ i ng  

BSAVE APPLE TEXT , A$4f3f3f3 , L$41 

We can u se APPLE TEXT to s i m u late putt i ng  a l itt le  text o n  the H i -Res 
sc reen .  There is  a conti n u i ng debate about whether  you can put true text 
on a graph ics sc reen,  other  than that i n  the text w indow at the bottom .  
The App le  manua l s  say abso l ute ly  not, and  they ought to know - it' s the i r 
mac h i ne .  However, Bob B i shop says "yes ,"  and he ought to know - he' s 
done  it .  The tech n ique  i s  ve ry com p lex, d iffi cu lt to put i nto p ract ice, and  
i m poss ib le  for the BAS IC  p rogrammer, so  it wi l l  not be  covered i n  t h i s  text . 
We refer i nterested readers to the Octobe r 1 982 i ssue of SOFT ALK maga
z i ne, pages 54 th rough 63 .  

The  BAS IC  programmer  can  do a lmost a s  we l l  by  des ign i ng shapes to 
represent any or a l l  of the lette rs, as we have done with APPLE  TEXT. So 
let' s put text on the H i -Res sc reen by typ i ng 

BLOAD APPLESHAPE 
BLOAD APPLE TEXT 
HGR : SCALE = 1 :  ROT f3 
POKE 232 , f3 : POKE 233 , 3  
DRAW 1 AT lf3f3 , lf3f3 
POKE 232 , f3 : POKE 233 , 64 
DRAW 1 AT 115 , 12f3 



DRAW 2 AT 130 , 120 
DRAW 2 AT 140 , 120 
DRAW 3 AT 150 , 120 
DRAW 4 AT 156 , 120 
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The fou rth l i ne puts the add ress of the app le  shape tab le  i n  locat ions  232  
and  233 ,  then the fifth l i ne D RAWs from that tab le .  L i ne n u m ber  6 then  
p l aces the add ress of  the APPLE  TEXT tab le  i n  the  p rope r locat ions so that 
t he  remai n i ng com mands  D RAW from it .  Locat ion $4©©© i s $©© and $4© i n  
l o-byte/h i -byte fo rm,  a n d  $4© = 64 . 

You can see how s im p le  it i s  to put "text" on  the  H i -Res sc reen ,  and  a l so 
to D RAW from two or  more shape tab les wh i ch  a re sto red i n  memory at 
t he  same ti me .  

S i nce t h i ngs seem to  be  go i n g  so  smooth ly, let' s make them a b i t  more 
com p lex.  Key i n  and ru n the p rogram i n  L i st i ng  1 ©-5 .  To save t ime, we 
suggest that you d i spense with the 29 REM statements . 

10 REM BACKGROUND DEMO 
20 REM 
30 REM 
40 REM INITIALIZE 
50 PRINT CHR$ ( 4 ) ; "BLOAD APPLESHAPE" 
60 SCALE = 1 
70 POKE 232 , 0 : POKE 233 , 3  
80 FOR I = 0 TO 7 :  READ CLR$ ( I ) : NEXT I 
90 VTAB 24 
100 REM 
110 REM 
120 REM BEGIN LOOPS TO 
130 REM VARY BACKGROUND 
140 REM AND SHAPE COLORS 
150 REM 
160 FOR Cl = 1 TO 7 
170 FOR C2 = 0 TO 6 
180 IF  Cl = C2 GOTO 210 
190 PRINT CLR$ ( C2 ) ; "  OVER " ; CLR$ ( C1 )  
200 GOSUB 280 
210 NEXT C2 , C1 
220 END 
230 REM 
240 DATA BLACK1 , GREEN , VIOLET , WHITE1 , 

BLACK2 , 0RANGE , BLUE , WHITE2 
250 REM 
260 REM DRAWING ROUTINE 
270 REM 
280 HGR 
290 FLAG 0 : REM FIRST PASS 
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300 REM 
310 REM DRAW BACKGROUND 
320 HCOLOR = Cl 
330 FOR Y = 10 TO 160 
340 HPLOT 10 , Y TO 180 , Y  
3 50 NEXT Y 
360 REM 
370 REM DRAW SHAPE 
380 REM 
390 HCOLOR = C2 
400 R = 0 : REM ROTATION VALUE 
410 REM 
420 REM BEGIN LOOPS TO DRAW 
430 REM REPETITIONS OF SHAPE 
440 , REM 
450 FOR Y = _ 20 TO 100 STEP 80 
460 FOR X = 20 TO 220 STEP 50 
470 ROT = R :  REM SET NEW ROTATION 
480 DRAW 1 AT X , Y  
490 R = R + 2 
500 FOR I = 1 TO 200 : NEXT I :  REM DELAY 
510 NEXT X , Y 
520 REM 
530 REM 
540 REM FLAG = 0 IF  FIRST PASS 
550 REM FLAG = 1 IF SECOND PASS 
560 REM IF FIRST PASS , PLOT 
570 REM AGAIN IN BLACKl 
580 IF NOT FLAG THEN FLAG 1 :  

HCOLOR = 0 : GOTO 400 
590 RETURN 

Listing 1 1-5. Pandora's apple. 

The p rogram is t i t led " Pandora 's  Apple" becau se i t  d i sp l ays a who le  
herd of  u nexpected and somet imes u n sett l i ng  resu lts . The fu nct ion of  the 
p rogram i s  to d raw the app le  shape in  va r ious  co lors and  rotat ions  (C/J ,  2 ,  4 ,  
. . .  , 1 8) su per i m posed on  a bac kgro u n d  of  a d iffe rent co lor, and  then  
"erase" the shape by d rawi ng ove r i t  i n  b lac k 1 . The  backgro u n d  does  not 
com p lete ly  fi l l  the screen so that you m ay a l so see the shape p lotted o n  
t he  b lack1  backgro u n d .  The tec h n i q u es u sed i n  the  p rogram a re standard 
a nd we wi l l  not mess with them s i nce the resu lts a re the  i m po rtant top ic .  

Haw Do Yau Like Them Apples ? 

The p rogram begi ns  by pai nti ng  a green fi e l d ,  and  then  D RAWi ng  the 
s hape ove r it i n  b lack 1  - noth i ng u n usua l  so fa r .  The co lors u sed are 
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pr i nted at the  bottom of the sc reen so you can keep u p  with the action . 
The next pass D RAWs v io let o n  g reen ,  and  a ro u n d  the borde r  of the  app le  
you shou ld  notice wh ite spots (mo ld ?) caused by the v io let dots of  the 
app le  p lott i ng  next to the green dots of  the  bac kgrou n d .  Remem ber, any
t ime  you p lot two adjacent dots, they d i sp lay as wh ite . 

When b lac k2 i s  p lotted ove r the green ,  you see the effect of c l as h i ng i n  
a l l  its rad iant g lory .  Any t ime  that a gro u p  2 dot i s  p lotted with i n  a g roup  1 
byte, the ent i re byte becomes gro u p  2 .  H ence, some of the g reen c h anges 
to its gro u p  2 cou nterpa rt, orange. As the p rogram progresses you w i l l  see 
severa l more exam p les,  both of wh ite edges and of c l as h i ng (Oh goody! ) .  

W h e n  t h e  p rogram stops, change l i ne 6 (/J  to read : 

6� SCALE = 2 

R u n  the p rogram aga i n and watch the fu n !  When it p lots b lack 1  ove r the 
g reen ,  it sta rts by o n ly tu rn i ng every other  l i ne b lack, and  when it gets to 
the  lower l eft co rner  of the green fie l d ,  it o n ly p lots a few dots ! The reason 
fo r th i s ,  and  late r shennan igans, i s  that at SCALE  = 2 ,  the app le  i s  bei ng 
p lotted on  every second  l i ne on ly .  By co i nc idence,  it happens to be p lot
t i ng on o n ly the odd co l u m ns ,  and  green does not ex i st on those l i nes .  

At SCALE  = 1 ,  the shape data cau ses the com p ute r to p lot across one 
row of  the app le,  and  then execute a p lot-down to d rop  to the fo l l owi ng 
row. At SCALE  = 2 ,  the mac h i ne executes eve ry vecto r twice, i n c l u d i ng 
the  PD vecto r, so it d rops two l i nes between  p lott i ng  eac h row. 

When v io let app les a re p lotted ove r the green fie ld ,  the ones rotated 9(/J 
d egrees ( i n  the lower right corner  of the green fie ld )  p lot as wh ite (A 
fa rmer' s  n ightmare ! ) .  The app le  is p lott i ng  on  the odd co l u m ns caus i ng  the 
v io let in  those co l u m ns to be tu rned o n  w h i le the fie ld  i s  made u p  of green 
i n  the even co l u m ns .  S i nce you then have both the odd and even co l u m n s  
o n ,  t h e  res u lt i s  wh ite ! Fo r a s i m i la r  reason ,  p lott i ng  rotated wh ite 1 app les  
on a b lack backgrou nd prod uces on ly v io let app les  s i nce tu rn i ng o n  on ly  
the  odd  co l u m ns p rod uces v io let bu t  no gree n .  

W h e n  t h e  p rogram tr ies to D RAW rotated green app les o n  a group  1 
background ,  noth i ng i s  p lotted ,  s i nce the posit ion  of the app le  causes it to 
attem pt to p lot green on odd co l u m ns,  and  green ex ists o n ly on  even 
col u m ns .  P lott i ng  green app les on  a gro u p  2 fie l d  wi l l  cause po rtions  of 
that fie ld  to change to the correspond i ng gro u p  1 co lo r - another  i n stance 
of c l as h i ng .  The p rogram wi l l  ru n th rough a l l  the co lors, and s i m i la r  
strange com bi nations  wi l l  occ u r . Fo r  fu n ,  you m ight t ry sett i ng  the sca le to 
t h ree and watc h i ng what that does to the i n nocent app le .  

XDRA W 

You saw i n  the last p rogram that u s i ng  D RAW to p lot the shape ove r 
the  backgro u n d  i n  one co lor, and  eras i ng  it by u s i ng  b lack, a lways l eft the 
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colored backgrou nd  mang led . You cou ld  e rase it u s i ng  the co lor  of the 
f ie ld ,  but that wou ld  mess u p  the b lack sect ion of the backgro u n d .  The 
XDRAW com mand e l i m i nates that p rob le m .  With L i st i ng  1 ©-5  in  memory, 
type 

17� 
18� 
19� PRINT CLR$ ( Cl ) 
21� NEXT Cl 
39� 
48� XDRAW 1 AT X , Y  

Ru n the mod ified program a n d  not ice the d iffe rences .  L i ne  48© changes 
the D RAW to XDRAW-, and the other  statements e l i m i nate C2 wh ich  repre
sents the co lor  i n  wh ich  the app le  was D RAWn . Where D RAW attem pts to 
p lot the app le  i n  the spec ified co lor, XD RAW ignores H CO LO R  and p lots 
the  shapes i n  co lo rs wh ich  depend  enti re ly  on the backgro u n d .  XDRAW 
a utom at ica l ly  p lots the shape i n  the com p lement of the backgro u n d  co lor .  
B lack and wh ite a re com p lements, as a re b lue and  green ,  o range and 
v io let .  XDRAWi ng on  the green fie ld  wi l l  g ive you a b lue app le, and  any 
portio n  wh ich  ove r laps i nto the b lack wi l l  be  wh ite. The u sefu l aspect of 
XDRAW is that when it XD RAWs the figu re the second t ime ,  it e rases 
c lean ly  and com pletely, rega rd less of the backgro u n d .  Th i s  attr i bute is ve ry 
handy when a n i mati ng-a su bject we wi l l  cove r i n  late r chapters .  

Recapping 

We have shown you how to des ign and d igit ize shapes, and  at the same 
t ime we have hopefu l ly shown you the va l u e  of a good H i - Res ed ito r .  I f  
you a re p lan n i ng to do any ser ious  work in  H i -Res, an ed ito r i s  a necessa ry 
too l .  We have a l so demonstrated how to use BSAVE or  the Mon ito r "W" 
to save the table,  and B LOA D or S H LOA D to recover it .  You have a l so 
been i ntrod uced to the com mands  u sed to p lot, rotate, and  sca le  the 
s hape .  The i n it ia l  work i nvo lved with shapes i s  wear isome and  fru strat i ng, 
but when the shape is done it i s  a s i m p le  yet powerfu l e lement of you r  
p rogra m m i ng arsena l .  

Vocabulary 

Digit ize 

D RAW 

Offset 

Po i nt of Orig i n 

ROT 

SCAL E  

Shape 

Shape Tab le  

S H  LOAD 

Vecto r 

Vecto r D iagram 

XDRAW 



Exercises 
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1 .  Write a BAS I C  p rogram to lowe r H I M EM and  then  load the s hape 
tab le  wh ich  conta i n s  the saucer i n  the space c reated above H IM EM.  

2 .  Extend the  program i n  Exerc i se 1 to  D RAW the saucer a t  eve ry even 
po i nt between  (6, 1 ([)([)) and  (2©©, 1 ©©) . 

3 .  Repeat Exerc i se 2 ,  but u se XDRAW i nstead of D RAW. 

4 .  At eve ry po i nt between (6, 1 ©©) and (2©©, 1 ©©) X D RAW the saucer 
twice in  success ion ,  and  then  move to the next po i nt and  X D RAW 
twice aga i n ,  and  so o n .  





1 1  

Graphs and Charts 

Objectives 
After read i ng Chapte r 1 1  you s hou l d  be ab le  to : 

• Have you r  com puter d raw a ba r, l i ne,  o r  c i rc l e  g raph  u s i ng o u r  pro-
g rams  and  you r  data . 

• U se the com pute r to graph  you r  own eq uat ions .  

• Labe l  you r  graphs .  

Process i ng  data, o r  " n u m ber  c ru nc h i ng" as  it i s  som eti mes ca l l ed,  has  
long  been one  of  the  strengths  of  the  com p ute r .  I n  ea r l i e r  mac h i nes, the  
resu lts of  the  p rocess i ng were a l l  too often o n l y  pages and pages of  n u m
bers .  Long co l u m ns of n u m bers often obscu re the  m ean i ng those same 
f igu res a re s upposed to convey, so d i sp l ayi ng data in  graph ic form i s  an 
i m portant too l .  Bar  cha rts, l i ne g raphs, and c i rc l e  graphs  a re the  th ree most 
com mon ly  u sed d i sp lay methods,  and  we wi l l  g ive at l east one  exa m ple of 
eac h i n  t h i s  c hapte r .  I n  th ree of the  fou r  exa m p les ,  the data to be g raphed 
i s  conta i ned in  BAS I C  DATA statem ents so that you need on ly rep lace the 
sam p le  data with you rs, and the p rogram wi l l  g raph  you r data . The othe r  
examp le  g raphs  a mathemat ica l  eq u at ion over a specif ied range.  Mod ify
i ng that p rogram wi l l  req u i re you to change the  fo rm u la and  the sca l i n g  
facto rs . W e  wi l l  ta l k  more about eac h examp le  w h e n  the  t ime  comes .  

Belly Up to the Bar 

L i st i ng 1 1 - 1 c reates a bar graph -with the ba rs ru n n i ng e i the r  vert ica l ly o r  
hor izonta l ly .  Key t h e  p rogram i n  and  ru n i t .  A s  u sua l ,  y o u  may om it  a n y  o r  
a l  I o f  t h e  REM statements . 

1 19 
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1� REM BAR CHART DEMO 
2� REM 
3�  REM ****************** 
4� REM * INITIALIZATION * 
5�  REM ****************** 
6� REM 
7� REM DETERMINE VERT/HORIZ CHART 
8� REM 
9� TEXT : HOME 
1�� PRINT "PRESS � FOR A VERTICAL CHART" 
11� PRINT "PRESS 1 FOR A HORIZONTAL CHART" 
12� GET H$ 
13� IF  H$ < > "1"  AND H$ < > "W'  GOTO 9� 
14� H% = VAL ( H$ )  
15� REM 
16� REM READ NUMB BAR , WIDTH BAR , 
17� REM AND WIDTH SPACE 
18� REM 
19� READ NB% , WB% , WS% 
2�� REM 
21� REM CHECK TOTAL WIDTH 
22� REM 
23� IF NB% * ( WB% + WS% )  < 4� GOTO 32� 
24� PRINT CHR$ ( 7 ) ; "CHART TOO WIDE"  
25�  PRINT "CONTINUE? ( Y/N ) " :  GET R$ 
26� IF R$ = "N" GOTO 67� 
27� IF R$ = "Y" GOTO 32� 
28� GOTO 24� 
29� REM 
3�� REM READ DATA & FIND MAXIMUM 
3 1� REM 
32� DIM BAR ( NB% ) , LBL$ ( NB% )  
33� FOR I = 1 TO  NB% 
34� READ BAR ( I ) , LBL$ ( I )  
3 5� I F  MAX < BAR ( I )  THEN MAX BAR ( I )  
36� NEXT I 
3 7� REM 
3 8� REM ESTABLISH SCALE 
39� REM 
4�� SCL = 39 I MAX 
41� REM 
42� REM ************** 
43� REM * DRAW CHART * 
44� REM ************** 
45� REM 
46� GR 
470 FOR I = 1 TO NB% 



480 REM 
490 REM SET NEW COLOR 
500 REM 
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5 10 C% = INT ( 15 * RND ( 1 ) + 1 )  
520 IF  C% = 5 OR  CO%  = C% GOTO 510 
530 COLOR = C.% 
540 CO% = C% 
550 REM 
560 REM PLOT A BAR AND PRINT LABEL 
570 REM 
580 HTAB ( XS + 1 )  : VTAB ( 21 )  
590 PRINT LEFT$ ( LBL$ ( I ) , WB% ) ; 
600 FOR X = XS TO XS + WB%-1  
610 IF  X > 39 THEN PRINT CHR$ ( 7 ) ; 

· " CHART TOO WIDE" : GOTO 670 
620 IF  H% THEN HLIN 0 , BAR ( I )  * SCL AT X 
630 IF  NOT ( H% )  THEN VLIN 39 , 39-BAR ( I )  * SCL AT X 
640 NEXT X 
650 XS = X + WS% 
660 NEXT I 
670 END 
�0·0 REM 
705 REM ************** 
710 REM * DATA TABLE * 
715 REM ************** 
720 REM 
730 DATA 4 , 5 , 2  
740 DATA 100 ' I 80 
750 DATA 80 , ' 81 
760 DATA 50 , ' 82 
770 DATA 40 , ' 83 

Listing 1 1 -1 . Bar graphs. 

Th i s  routfne d raws e ither horizonta l  or verti ca l  bars . Se lect the verti ca l  
bar graph opt ion when the com pute r sc reen d i sp lays: 

PRESS 0 FOR A VERTICAL CHART 
PRESS 1 FOR A HORIZONTAL CHART 

You wi l l  see the ba r cha rt appear with labe ls  u nde rneath to i n d icate 
yea rs . If you ru n the p rogram aga i n  and  se lect a ho r izonta l  graph ,  the 
years st i l l  appear at  the bottom .  Why? Th i s  happens because it i s  not 
poss ib l e  to put text labe l s  i n  the body of the Low-Res sc reen .  As you wi l l  
see i n  L i st i ng  1 1 -3 ,  labe l s  a re often u n iq u e  to each graph ,  and many t imes 
they have to be added afte r the graph i s  done, and  in  a less  than e l egant 
man ner .  
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Let' s have more fu n with th i s  p rogram before we cont i n u e .  Change the 
t h i rd data va l ue  in  l i ne 73</J from 2 to - 1  and  ru n the p rogram another  t ime .  
The  item of  data you  changed spec ifies the spac i ng between eac h ba r, and  
setti ng  a space of  - 1  causes the ba rs to  over lap !  The second item i n  l i ne 73</J  
sets the width of  eac h ba r; t ry ru n n i ng the program w i th  d iffe rent va l ues 
for the widt h .  

T h e  fi rst item o n  l i ne 7 3 </J  te l l s  the p rogram how many ba rs a re goi ng to 
be u sed . You may change that va l ue, but you m u st be s u re to have data 
for each ba r you specify i n  that e ntry. The va l ue to be p lotted by eac h bar, 
and the l abe l  assoc iated with that bar, i s  g iven in the data pai rs wh i ch  
begi n at l i ne 74</J . The  fi rst ba r p lots a va l u e  o f  1 <!J<!J, and  i s  fo r t he  year  ' 8</J .  

I t  i s  t i me to take a c lose r look at  some of  the less  obvious  parts of  t h i s  
exam p le .  

23� IF  NB% * ( WB% + WS% ) < 4� GOTO 32� 
24� PRINT CHR$ ( 7 ) ; "CHART TOO WIDE" 
25�  PRINT "CONTINUE? ( Y/N ) " :  GET R$ 
26� IF R$ = "N" GOTO 67� 
27� IF R$ = "Y" GOTO 32� 
28� GOTO 24� 

L i ne  23</J ca lcu l ates the width of the chart and warns  you if it is too wide .  
You have the opt ion to cont i n u e  nonethe less .  

32� DIM BAR ( NB% ) , LBL$ ( NB%)  
33� FOR I = 1 TO  NB% 
34� READ BAR ( I ) , LBL$ ( I )  
3 5 �  I F  MAX < BAR ( I )  THEN MAX = BAR ( I )  
36� NEXT I 

Th i s  sect ion reads the data and  labe l  fo r eac h ba r .  L i ne  35</J causes MAX to 
end  u p  contai n i ng the maxi m u m  data va l u e  to be p lotted . The maxi m u m  
m u st be known i n  orde r  to estab l i s h  a sca le  fo r the graph . 

4�� SCL = 39 I MAX 

L i ne  4</J</J u ses the maxi m u m  to estab l i s h  a sca l i ng facto r, SCL .  By sett i ng  
SCL  eq ua l  to  the rat io 39/MAX, we cause the ta l l est ba r to  be  39 u n its ta l l .  
B y  mak ing  the constant sma l le r, say 25 ,  you can red u ce the he ight of the 
ba rs . You may i nc rease the constant to 4</J,  but any l a rger va l u e  wi l l  cause 
the p rogram to t ry to p lot out of its range s i nce the Low-Res screen i s  o n ly 
4</J by 4</J. 

47� FOR I = 1 TO NB% 

Th i s  beg in s  the loop wh ich  executes once for each ba r to be p lotted . 

5 1� C% = INT ( 15 * RND ( 1 ) + 1 )  
5 2 �  IF C%  = 5 OR CO% = C%  GOTO 51� 
53�  COLOR = C%  I 
54� CO% = C% 
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These l i nes se lect a random co lor  fo r eac h ba r .  L i ne  520 p revents the 
n ew co lor  (C%) from be i ng the same as the p rev ious  color (CO%) or  co lor  
n u m ber  5 .  Color  n u m ber  5 i s  exc l uded because there a re two greys i n  
Low-Res (co lors 5 a n d  1 0) .  

5 80 HTAB ( XS + 1 ) : VTAB ( 21 )  
590 PRINT LEFT$ ( LBL$ ( I ) , WB% ) ; 

These pos it ion the cu rsor at the correct p l ace and  pr i nt as m uch  of the 
l abe l  as wi l l  f i t  in  the width of the ba r .  

600 FOR X = XS TO XS + WB%-1  
610 IF  X > 39 THEN PRINT CHR$ ( 7 ) ; "CHART TOO WIDE" : 

GOTO 670 
620 IF  H% THEN HLIN 0 , BAR ( I )  * SCL AT X 
630 IF  NOT ( H% )  THEN VLIN 3 9 , 39-BAR ( I )  * SCL AT X 
64� NEXT X 

Th i s  loop d raws the ba r .  If you se lected a ho r izonta l g raph ,  l i ne 620 wi l l  
execute; l i ne 630 executes if you chose ve rt ica l .  The length of each ba r i s  
fou nd by  m u lt ip ly i ng the data va l u e  be i n g  graphed by  the sca l i ng factor 
ca lcu l ated ea r l i e r .  You may have wondered why the ba r i s  d rawn from 39 
to 39 m i n u s  i t s  length ,  i n stead of bei ng d rawn from zero .  I t  m u st be 
cont i n u a l ly taken i nto acco u nt that 39 is the bottom of the screen and  0 i s  
the  top, where most graphs  u se 0 a t  the bottom .  

650 XS = X + WS% 

XS rep resents the sta rt of the cu rrent ba r .  Afte r the ba r has been d rawn , 
t h i s  l i ne moves the sta rt i ng  locat ion to that of the next bar by add i ng the 
bar  width . · 

A very s i m i l a r  rout i ne  cou ld be written to p lot the bar graph  on the  H i 
Res screen i n stead of on the Low-Res d i sp lay .  The l i m its wou ld  be changed 
from 39 to 1 59 or  2 79, depend i ng  on whether  you p l an  to d raw ve rt ica l ly 
o r  ho r izonta l ly, and you wou ld be u s i ng  the H PLOT TO com mand i n stead 
of H L I N  or VL I N .  

This Is Where You Draw the Line 

Somet imes data i s  bette r rep resented as a l i ne · g ra p h .  L i st i ng  1 1 -3 d raws 
such  a graph  i n  H i -Res and  u ses a shape tab le  to put  l abe l s  on the graph ics 
scree n .  Enter and save the shape tab le  by typ i ng  the fo l lowi ng from BAS IC :  

CALL -151  
300 : 0B 00 18  00 20 �0  2B 00  
308 :  36  00  41 00 4E 00 5D 00  
310 : 66 00 75 00 81 00 90 00  
3 18 : 29 2D D8 24 24 JC 32 00  
320 : 29 2D 25 DB 0C 0C 0C 24  

' 
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J28 : JB JF  �� �8 15 2D �C 24 
JJ� : 2J 44 JF  JF  �7 �� 49 21 
JJ8 : 24 24 JC  9B J6 2E 2D �D 
J4� : �� �8 �E �5 2D 2� lC JF 
J48 : lC 24 2D 2D �J �� �8 24 
J5� : 24 �C 2D J5 92 J6 JB 27 
J 58 : 18 �8 2D 2D �� 21 �c �c 
J6� : �c �c JC  JF  JF �� �9 2D 
J68 : �c 24 JB JF 2� �c 2D 15 
J7� : J6 DB lJ J6 �� �9 2D �C 
J78 : 24 JB JF  2� �C 2D 15 J6  
J 8� : ��  �1 29  2D  2� 24  24  JB 
J88 : JF  J2 26 2E 28 28 28 �� 
J9� : 24 24 �� 

JD�G 
BSAVE NUMBER TABLE , A$J�� , L$9J 

Listing 1 1 -2. Number table. 

Th i s  n u m be r  tab le  conta i n s  e leven shapes; fi rst come the d igits 1 th rough  
9 ,  then  zero, and fi na l ly  a c ritte r rese m b l i ng a hyphen wh ich  wi l l  be  u sed 
to mark each ax i s  of the graph .  

N ow type i n  a n d  ru n L i st i ng  1 1 -3 .  

1 �  REM LINE CHART DEMO 
2� REM 
J� REM ****************** 
4� REM * INITIALIZATION * 
5�  REM ****************** 
6� REM 
7� TEXT : HOME 
8� VTAB ( 21 )  
9� PRINT CHR$ ( 4 ) ; "BLOAD NUMBER TABLE , 

A$J�W' 
1�� POKE 2J2 , � :  POKE 2JJ , J  
11� SCALE = 1 
12� REM 
lJ�  REM READ NUMBER OF POINTS 
14� REM AND SPACING 
15� REM 
16� READ NP% , SP% 
17� REM 
18� REM CHECK TOTAL WIDTH 
19� REM 
2�� IF ( NP%-1 )  * SP% < 28� GOTO J�� 
21� PRINT CHR$ ( ? ) ; " CHART TOO WIDE" 
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22ii' PRINT "CONTINUE? ( Y/N) " :  GET R$ 
23ii' IF R$ = "N" GOTO 86iil 
24iil IF R$ = "Y" GOTO Jiiliil 
25iil GOTO 21iil 
26iil REM 
27iil REM READ DATA POINTS 
28iil REM AND FIND MAXIMUM 
29iil REM 
Jiiliil DIM DP ( NP%-1 )  
Jliil FOR I = ii' TO  NP%-:1 
32ii' READ DP ( I )  
33ii' I F  MAX < DP ( I )  THEN MAX DP ( I )  
J4iil NEXT I 
J 5iil REM 
J6iil REM ESTABLISH SCALE 
37ii' REM 
38ii' SCL = 15iil I MAX 
J9iil REM 
4iiliil REM DRAW FRAME 
41iil REM 
42iil HGR 
4Jiil HCOLOR = 6 
44iil HPLOT 24 , iil  TO 24 , 159 TO 278 , 159 TO 

278 , iil  TO 24 , iil  
45iil REM 
46iil REM ****************** 
47iil REM * CUSTOM SCALING * 
48iil REM ****************** 
49iil REM 
5iiliil REM SCALE VERTICAL AXIS 
51iil REM 
52iil HCOLOR = 3 
5Jiil FOR I = 2ii' TO MAX STEP 2iil 
54iil ROT = 16 : DRAW 11 AT 24 , 16iil- I * SCL 
55iil ROT = ii' 
56iil N$ = STR$ ( I )  : NL = LEN ( N$ )  
57iil FOR J = 1 TO NL 
58iil DIGIT = VAL ( MID$ ( N$ , J , 1 ) ) :  

I F  DIGIT = ii' THEN DIGIT = liil 
59iil DRAW DIGIT AT ( J-1 )  * 7 , 16iil- I * SCL 
6ii'ii' NEXT J 
61iil NEXT I 
62iil REM 
6Jiil REM SCALE HORIZONTAL AXIS 
64iil REM 
65iil ROT = ii' 
661i' FOR I = 1 TO NP%-1  
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670 X = 24 + I * SP% 
680 IF  X < 280 THEN DRAW 11 AT X , 159 
690 NEXT I 
700 VTAB ( 21 )  
710  PRINT " J F M A M J J A S 0 N D J F M 

A E A P A U U U E C 0 E A E A 
N B  R R  Y N L  G P  T V C N B  R" ; 

720 VTAB ( 20 )  
730 REM 
740 REM ******************** 
750 REM * PLOT DATA POINTS * 
760 REM ******************** 
770 REM 
780 HCOLOR = 7 
790 HPLOT 24 , 160-DP ( 0 )  * SCL 
800 FOR I = 1 TO NP%-1  
810  X = 24  + I * SP% 
820 Y = DP ( I )  * SCL 
830 IF X > 279 THEN PRINT CHR$ ( 7 )  ; 

"CHART TOO WIDE" : GOTO 860 : REM ( END ) 
840 HPLOT TO X , 160-Y 
850 NEXT I 
860 END 
900 REM 
910 REM ************** 
920 REM * DATA TABLE * 
930 REM ************** 
940 REM 
950 DATA 15 , 18 
960 DATA 100 , 130 , 90 , 80 , 100 , 210 , 170 , 60 ,  

120 , 30 , 50 , 40 , 100 , 80 , 90 

Listing 1 1 -3. Line graph. 

You may change the data p lotted by chang ing  the va l u es g iven in l i ne 
960. The n u m bers on the ve rt ica l  ax i s  wi l l  c hange accord i ng ly, but wi l l  sti l l  
i nc rement by 20.  The i nc rement fo r the ve rt ica l  sca le  may b e  adj u sted i n  
l i ne 520, but we wi l l  ta l k  more about that soo n .  The fi rst va l u e  i n  l i ne 950 
gives the n u m ber  of data poi nts to be p lotted,  and the second  item i nd i 
cates the ho rizontal spac i ng between p lots . Both those n u m bers may be 
a lte red and  the p rogram wi l l  behave p roper ly, except for the horizonta l 
labe l s  wh ich  rema i n  fixed . 

Afte r you have p layed for a w h i le ,  l et' s look at some of the more i nterest-
i ng parts of th i s  p rogra m .  

9 0  PRINT CHR$ ( 4 ) ; "BLOAD NUMBER TABLE , A$30W'  
100 POKE 232 , 0 :  POKE 233 , 3  
110 SCALE = 1 
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These l i nes load the shape tab le  from d i sk, and  te l l  the system where it was 
put .  (See Chapter 1 0 . )  

· 

300 DIM DP ( NP%-1 )  
3 10 FOR I = 0 TO  NP%-1  
320 READ DP ( I )  
330 I F  MAX < DP ( I ) THEN MAX DP ( I )  
340 NEXT I 
380 SCL = 150 I MAX 

These l i nes read the data poi nts i nto an  ar ray ca l led DP and estab l i s h  the 
m axi m u m  and  the sca l i ng facto r .  Tha n ks to l i ne 380 the maxi m u m  poi nt i s  
p lotted at Y-coord i nate 1 50 .  

400 REM DRAW FRAME 
420 HGR 
430 HCOLOR = 6 
440 HPLOT 24 , 0  TO 24 , 159 TO 278 , 159 TO 278 , 0  TO 24 , 0  

H e re a b l ue  frame i s  d rawn fo r the  graph ,  and  space i s  p rovided o n  the  left 
s ide  for the labe l s .  

500 REM SCALE VERTICAL AXIS 
520 HCOLOR = 3 
530 FOR I = 20 TO MAX STEP 20 
540 ROT = 16 : DRAW 11 AT 24 , 160-I  * SCL 
550 ROT = 0 
560 N$ = STR$ ( I )  : NL = LEN ( N$ )  
570 FOR J 1 TO NL 
580 DIGIT = VAL ( MID$ ( N$ , J , 1 ) ) :  IF  

DIGIT = 0 THEN DIGIT = 10 
590 DRAW DIGIT AT ( J-1 )  * 7 , 160-I  * SCL 
600 NEXT J 
610 NEXT I 

H e re we . sca le  the vert ica l  by 20 .  If you wished to use a d i ffe rent scale,  
s uch  as 1 0, you wou ld change both occ u rrences of 20 in l i ne 530 to 1 0 . 
L i n e  540 rotates o u r  l itt le  t ic-mark (s hape 1 1 ) and  d raws it ac ross the ax i s .  
L i ne  550 retu rns  the rotat ion  to  0 and  the sect ion from l i nes 560 th rough 
600 p roceeds to take each d i g it of the labe l  ( I )  and d raws it o n  the H i -Res 
sc reen by means of the shape tab le .  

630 REM SCALE HORIZONTAL AXIS 
650 ROT = 0 
660 FOR I = 1 TO NP% - 1 
670 X = 24 + I * SP% 
680 IF X < 280 THEN DRAW 11 AT X , 159 
690 NEXT I 
7(l� VTAB ( 21 )  
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71¥l PRINT "J F M A M J J A S 0 N D J F M 
A E A P A U U U E C 0 E A E A 
N B R R Y N L G P T V C N B R" ; 

72¥l VTAB ( 2¥l )  

Th i s  sect ion l abe l s  t h e  horizonta l ax i s  b y  a method wh i ch  makes u p  i n  
s i m p l i c ity what i t  lacks i n  sty le .  L i nes 650-69(/) d raw the l itt le  t ic-mark  o n  
t h e  axis ,  and  l i ne 7 1 (/) pr i nts t h e  labe l s  i n  t h e  fou r  l i nes o f  text a t  the  bottom 
of the H i-Res page . L i ne  7 1  (/) was actua l ly des igned after the graph  had 
been p lotted by u s i ng the " Escape Mode" ed it i ng featu res of the App le .  I f  
you u se H G R2 or  l eave H i -Res space below the graph ,  you cou ld  l abe l  the  
hor izontal ax is  i n  the same way we labe led the ve rti ca l .  

75¥l REM * PLOT DATA POINTS * 
78¥l HCOLOR = 7 
79¥l HPLOT 24 , 16¥l-DP ( ¥l )  * SCL 
8¥l¥l FOR I = 1 TO NP%-1  
81¥l  X = 24  + I * SP% 
82¥l Y = DP ( I )  * SCL 
83¥l IF  X > 279 THEN PRINT CHR$ ( 7 ) ; 

"CHART TOO WIDE" : GOTO 86¥l : REM ( END ) 
84¥l HPLOT TO X , 16¥l-Y 
85¥l NEXT I 

The heart of the rout i ne  i s  i n  t h i s  s ho rt sectio n .  L i ne  79(/) p lots the fi rst poi nt 
to estab l i s h  an i n it ia l  po i nt fo r the l i ne,  then l i ne 84(/) p lots the  rest of the 
poi nts . The X-coord i n ate i s  the l eft s ide of  the frame (24) p lus  the  offset fo r 
each po i nt .  DP(4) wi l l  be p lotted at 24 + 4 * 1 8, o r  96 .  

The  Y-coord i n ate i s  ca lcu l ated by m u lt ip ly i ng  the data va l u e  by the 
sca l i ng factor .  I t  shou ld  seem cu r ious  that the Y-coord i nate i s  not p lotted 
d i rectly, but is su btracted from 1 60 .  Rem e m ber  that the App le  th i n ks (/) is at 
the top of the sc reen and  1 6(/) at the bottom ,  so the q u ic k  l itt le  su btract ion 
tu rns  th i ngs a ro u n d  to put (/) on  the bottom where you u s u a l ly want  i t .  

The  1 5  data poi nts a re sto red in  DP ((/)) t h rough DP ( 1 4) .  Th i s  i s  why the 
FOR/N EXT loop estab l i shed in  l i ne 8(/)(/) o n ly goes to one less than  the 
n u m ber of  poi nts (N P% - 1 ) . 

Functional Plotting 

Many t imes a graph  m ay be d rawn from a fu nct ion o r  fo rm u la i n stead of 
data po i nts . L i st i ng  1 1 -4 is a sho rt examp le  wh ich  graphs  a coup le  of 
form u las .  T ry it out !  

1¥l REM FUNCTION DEMO 
2¥l REM 
3¥l DEF FN A ( X ) 
4¥l DEF FN B ( X ) 

. ¥l2 * x /\ 2 + 5 

. ¥l¥ll * x /\ 3 



51il ex = 141iJ : CY = SliJ 
6(il REM 
7(il REM DRAW AXES 
8(il REM 
9(il HGR : HCOLOR = 3 
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l(il(il HPLOT CX-75 ' CY TO ex + 75 ' CY 
ll(il HPLOT CX , CY-75 TO CX , CY + 75 
12(il REM 
lJ(il REM PLOT GRAPH 
14(il REM 
15(il FOR X = -4(il TO 4(il 
16(il Y = FN A ( X ) 
17(il HPLOT ex + X , CY-Y 
18(il Y = FN B ( X ) 
19(il HPLOT ex + X , CY-Y 
2(il(il NEXT X 

Listing 1 1 -4. Formula plotting. 

When the p rogram ru ns ,  it d raws a set of axes with the ce nter at the 
po i nt ( 1 40,80) as set i n  l i ne 50. Then  it d raws the fu nctio n s  defi ned i n  l i nes 
30 and 40. The App le  th i n ks that (0,0) i s  in the u pper left corner  of the 
sc reen ,  but we make it appea r to be at (CX,CY) by add i ng those va l ues 
before p lott i ng  the po i nt .  As in the other  l i ne g raph  exam p le, we m u st 
S U BTRACT i n stead of add i ng the Y va l ue from CY s i nce App le  be l i eves 
t hat Y i n c reases from top to bottom ,  and  we req u i re Y to i nc rease from 
bottom to top .  Essent i a l ly, we fl i p  the graph  ove r by us i ng  -Y i n  p lace of Y .  

The  dec ima l s  i n  the fu nct ion  defi n it ion  a re sca l i ng factors u sed to  keep 
the  otherwise l a rge n u m bers (40 to the t h i rd power i s  64,000) with i n  range .  
Conve n ient labe l s  may be added to  t h i s  as i n  the p rev ious  exam p le .  

Graphing in Circles 

C i rc l e  graphs, o r  p ie  cha rts, a re a very popu la r  fo rm of presentat ion ,  but 
we do not know anyone who enjoys the ted ious  ca lc u l at ions  req u i red to 
d raw them . Key in and ru n L i st i ng  1 1 -5 .  

l(il REM PIE CHART DEMO 
2(il REM 
31i) REM ****************** 
4(il REM * INITIALIZATION * 
5(il REM ****************** 
6(il REM 
7(il DEF FN X ( T )  
8 (il  DEF FN Y ( T )  
9 (il  REM 

8(il * COS ( T )  
7(il * SIN ( T )  
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100 REM READ DATA 
110 REM 
120 READ NUM% 
130 DIM DTA ( NUM% ) 
140 FOR I = 1 TO NUM% 
150 READ DTA ( I )  
160 TTL = TTL + DTA ( I )  
170 NEXT I 
180 REM 
190 REM ************ 
200 REM * DRAW PIE * 
210 REM ************ 
220 REM 
230 HGR : HCOLOR = 3 
240 FOR T = 0 TO L 57 STEP . 01 
250 X = FN X ( T )  : Y  = FN Y ( T )  
260 HPLOT X + 140 , Y + 80 
270 HPLOT -X + 140 , Y + 80 
280 HPLOT X + 140 , -Y + 80 
290 HPLOT -X + 140 , -Y + 80 
300 NEXT T 
310 REM 
320 REM *********** 
330 REM * CUT PIE * 
340 REM *********** 
350 REM 
360 FOR I = 1 TO NUM% 
370 ACC = ACC + DTA ( I )  
380 R = ( ACC I TTL ) * 6 . 28 
390 HPLOT 140 , 80 TO FN X ( R )  + 140 , 

FN Y ( R )  + 80 
400 NEXT I 
410 END 
500 REM 
510 REM ************** 
520 REM * DATA TABLE * 
530 REM ************** 
540 REM 
550  DATA 5 
560 DATA 231 . 4 , 287 , 310 . 84 , 340 , 390 

Listing 1 1 -5. Pie charts. 

L i ne  550 gives the n u m ber  of reg ions  to be g raphed ,  and  l i ne 560 l i sts 
the actua l  data u sed for each regio n .  The regions  a re p lotted c lockwise 
from the r ight s ide of the c i rc l e .  There a re n o  rea l rest r ict ions  on  the 
va l ues, a l though atte m pti ng to p lot a reg ion  fo r a negative va l u e  wi l l  g ive 
you a rather  mea n i ng less resu lt .  
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After you have ru n the p rogram a few t i mes with you r own data, we can 
go th rough it and  h it the h i g h l ights . 

7¥' DEF FN X ( T )  = 8Y, * COS ( T )  
8 Y,  DEF FN Y ( T )  = 7Y, * SIN ( T )  

The fu nct ions  defi ned here a re u sed to ca lcu late the X a n d  Y-coord i nates 
of poi nts on the c i rc l e .  The va l u es 80 and  70 defi ne the rad i u s  of the c i rc le  
(two rad i i ? ! ?) .  The dots on the screen a re s l ight ly  h igher  than  they are wide ,  
so if you let both n u m bers be 80 (as  theoret ica l ly they shou ld ) ,  the p ie  
looks more l i ke an egg. 

12¥' READ NUM% 
13¥' DIM DTA ( NUM% ) 
14Y, FOR . I = 1 TO NUM% 
15¥' READ DTA ( I )  
16Y, TTL = TTL + DTA ( I )  
17¥' NEXT I 

NUM% i s  the n u mber of reg ions ,  and  the data va l u es a re read i nto the a r ray 
DTA. S i nce a tota l is req u i red to ca lcu late the re lat ive s ize of each "s l ice," 
we acc u m u late the data va l ues in TTL .  

24¥'  FOR T = Y, TO  1 .  57 STEP • Y,1  
25¥' X = FN X ( T )  :Y  = FN Y ( T )  
26Y, HPLOT X + 14Y, , Y + 

'
8y, 

27¥' HPLOT -X + 14Y, , Y + 8Y, 
28¥' HPLOT X + 14¥' , -Y + 8Y, 
29¥' HPLOT -X + 14Y, , -Y + 8Y, 
3¥'¥' NEXT T 

The c i rc le  i s  d rawn u s i ng  a l itt l e  s i m p le  tr igonometry .  (There i s  rea l l y  no 
such  t h i ng  as s i m p le  tr igonometry ! )  You wi l l  not ice here (and a l so later i n  
t h e  p rogram)  that we p lace the center at ( 1 40,80) by add i ng 1 40 to eac h X 
and  80 to each Y as we p lot .  

The rea l q u estion  i s ,  why does T go from 0 to 1 . 57?  The S I N  and COS 
fu nctions  we u se measu re a c i rc l e  i n  rad ians  i n stead of degrees .  There are 
rough ly  6 .28  rad ians  i n  a fu l l  c i rc l e  (3 . 1 4  i n  a sem ic i rc le ) ,  and we u se the 
sym metry of the c i rc l e  so that we o n ly need to ca lcu late the poi nts fo r one
q ua rte r of the c i rc l e .  The resu lt of a l l  t h i s  is that we go one-q ua rte r of the 
way to 6 .28,  and one-q u a rte r of 6.28 i s  the e l us ive 1 . 57 .  

36Y, FOR I = 1 TO  NUM% 
37¥' ACC = ACC + DTA ( I )  
38¥' R = ( ACC  / TTL) * 6 . 28 
39¥' HPLOT 14Y, , 8Y, TO FN X ( R )  + 14Y, , 

FN Y ( R )  + 8¥' 
4Y,Y, NEXT I 
41Y, END 
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As we d raw the wedges of the pie, o u r  p rogress a ro u n d  the c i rc l e  is 
p roportiona l  to the amou nt of the data graphed so fa r .  That i s ,  if  we a re 
one-th i rd of the way a ro u n d  the c i rc le, then the accu m u lated amou nt of 
d ata a l ready graphed i s  one-th i rd of the tota l to be graphed . So, as we go 
a rou nd ,  l i ne 37© accu m u lates the graphed data i n  ACC, and  l i ne 38© 
ca lc u l ates the fract ion of a fu l l  rotatio n .  (Remem ber, in rad ian  measu re 
6 .28 represents a fu l l  rotatio n . )  

L i ne  39© d raws t h e  l i ne from t h e  center o f  t h e  c i rc le  ( 1 4©,8©) t o  the po i nt 
on  the c i rc l e  at the correct rotat io n .  

Round It Out 

You have seen severa l fa i r ly powerfu l schemes fo r g raph i ng .  They a l l  p ro
d uce a reasonab le res u lt on the sc reen ,  but what about gett i ng  a pr i ntout 
of the graph?  As with most any p rogram m i ng p rob lem,  where there ' s  a wi l l  
there ' s  a way, but the most p ract ica l  so l ut ion l i es i n  p ri nte r hardwa re .  
There are seve ra l items p resent ly on  the market wh ich  a l low you  to 
"d u m p" the H i -Res screen to a matr ix pr i nter, such  as "G RAFTRAX * "  fo r 
Epson pr i nte rs, or the "G RAPPL E R * * "  i nte rface wh ich  works fo r most dot
m atr ix mac h i nes .  If you have, or acq u i re such  an item,  it comes with 
i nstructions  fo r d u mp i ng  the H i -Res sc ree n .  

T h e  p rograms presented here a re des igned to l et you p lot you r  own data 
with a m i n i m u m  of mod if icat ions .  Afte r yeiu have u sed these routi nes fo r a 
t ime they wi l l  become c learer  to you ,  and i m p rovem ents wi l l  begi n to 
suggest themselves . Down that path l i es hou rs of both c reat iv ity and  fru s
t ration . Have fu n !  

Vocabulary 

Bar  chart 

Ci rc l e  graph 

L i ne  graph 

P ie cha rt 

*G raftrax is a trademark of Epson of Amer ica .  
* *G rappler  i s  a trademark of Microtec h ,  I nc .  
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1 .  U se L i st i ng  1 1 - 1 to do a ba r g raph  showi ng  a p rofit of 7, 25© i n  
J anua ry, 4 ,  1 73 i n  February, 5 ,0 1 0 i n  March ,  6, 3 79 i n  Apr i l ,  5 , 703 i n  
May, a n d  6, 533  i n  J u ne .  

· 

2 .  U se the n u m ber  tab le (L i st i ng  1 1 -2) and  L i st i ng  1 1 -3 to graph  the 
fo l lowi ng va l ues :  1 7 .9 ,  26 .4, 25 .8 ,  32 ,  20 .5 ,  1 0 .9 ,  8 .05,  6 . 1 ,  9 .0 ,  1 2 . 7, 
and  1 6 . 

3 .  U se the n u m ber  tab le  ( L i st i ng  1 1 -2) and  L i st i ng  1 1 -4 to graph  the 
fu nct ion Y .  = X3 - 8X2- 1 7X + 1 0 . Labe l each ax i s .  

4 .  U se the n u m ber  tab le to  c reate a p ie  cha rt w i th  the  fo l lowi ng data : 
1 50, 470, 1 73 ,  2 1 7, 301 , 522 . Label the  res u lt i ng  g raph .  





1 2  

Byte-Move Shapes 

Objectives 
After read i ng Chapte r 1 2  you shou ld  be ab le  to: 

• U se byte-move to perform a stat ionary and  a ve rt ica l  a n i m at io n .  

• D raw a n d  d ig it ize the seven hor izonta l  sepa ration s  of a byte-move 
figu re .  

• A n i m ate a s i m p le  byte-move figu re ac ross the sc ree n .  

T h e  standard App le  s hape i s  a fa i r ly  u sefu l construct, part i cu lar ly  fo r the 
BAS I C  p rogra m m e r  because it l ets the u se r  u se a n u m be r  of  fast mac h i ne
l eve l routi nes v ia the APPLESOFT shape com mands  (DRAW, X DRAW, 
SCALE ,  and  othe rs) . U nfo rtu nate ly, those rout i nes a re not fast enough fo r 
a rcade type a n i m at ion ,  so byte-move g raph ics a re often u sed to ga i n  extra 
speed . To be honest, p rofess iona l  byte-move a n i matio n  i s  w ritten i n  ma
c h i ne l anguage because BAS I C  i s  too s low to ga i n  m u c h  advantage, 
whereas " look- u p  tab les" a re som eth i ng that a mac h i ne- l eve l p rogram 
hand les very wel l .  These exa m p les i n  BAS I C  se rve to  g ive you the  " basic" 
i dea beh i nd byte-move, so if you a re so i nc l i ned and endowed you can 
wr ite these st rategies i nto you r  mac h i n e- l eve l p rogra m .  

I t  i s  i m portant to rea l ize how byte-move shapes d iffe r from standard 
s hapes .  As you saw i n  Chapter 1 ([), a shape i s  defi ned by a ser ies of 
i n st ructions  (vectors) . Fo r exa m p le,  p lot-u p, sk ip- left, sk ip- l eft, p lot-down,  
a n d  so  on .  Each t ime  the s hape i s  p lotted , the  d rawi ng  rout i nes fo l low 
those d i rect ions  and  reconstruct the shape.  S i nce shapes can eas i ly  ru n to 
a h u n d red i n st ruct ions  or more, the vector m ethod can l ead to a t ime 
de l ay as each · vector i s  rep rocessed and  re i nte rpreted . 

135 
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A byte-move shape can be thought of as bei ng p re-defi ned and p re
d rawn somep lace i n  the com pute r' s memor.�.  P lott i ng  a byte-move s hape 
is a m atter of movi ng  the pre-d rawn figu re i nto the sc reen memory a rea, 
j u st as you m ight u se pre-pr i nted ru b-on t ransfe rs fo r lette ri ng .  I n  t h i s  way, 
a byte-move shape saves t ime s i nce it does not h ave to be regene rated 
each t ime  it is used,  but has o n ly to be moved from a nothe r  locat ion 
p refab graph ics .  

We a re gett i ng  ahead of  ou rse lves .  L i st i ng  1 2- 1  g ives a short exa m p le of 
a n i mat ion  u s i ng  the byte-move p rocess . Type it i n  and  t ry it .  You may o m it 
t he  REM statements if you wi s h .  

10 REM INITIALIZE Y 
20 REM COORDINATES 
30 REM 
40 Y1% = 1 : Y2% = 2 : Y3%  = 3 : Y4% 

Y5% = 5 : Y6% = 6 :  Y7% = 7 
50 REM 
60 REM READ DATA FOR FIGURE 
70 REM , 
80 FOR I = 1 TO 4 :  REM 4 FRAMES 
90 FOR J = 1 TO 7 :  REM 7 BYTES PER 

FRAME 
100 READ V% ( I , J )  
110 NEXT J , I 
120 REM 
130 REM INITIALIZE ADDRESSES 
140 REM OF Y COORDINATES 

4 :  

150 REM 
160 Y% ( 1 ) 

Y% ( 4 )  
Y% ( 7 ) 

170 HGR 
180 REM 

8192 : Y% ( 2 )  = 9216 : Y% ( 3 ) = 10240 : 
11264 : Y% ( 5 )  = 12288 : Y% ( 6 )  = 13312 : 
14336 

190 REM POKE THE FOUR FRAMES 
200 REM 
210 FOR I = 1 TO 4 
220 POKE Y% ( Y1% ) , V% ( I , 1 ) : 

POKE Y% (Y7% ) , V% ( I ,  7) 
230 POKE Y% ( Y2% ) , V% ( I , 2 ) : 

POKE Y% ( Y6% ) , V% ( I , 6 ) 
240 POKE Y% ( Y3% ) , V% ( I , 3 ) : 

POKE Y% ( Y5% ) , V% ( I , 5 ) : 
POKE Y% (Y4% ) , V% ( I , 4 )  

250 NEXT 
260 GOTO 210 : REM START AGAIN 
270 REM 
280 REM DATA FOR THE FOUR FRAMES 



29JJ REM 
3JJJJ DATA 1 , 2 , 4 , 8 , 16 , 32 , 64 
3 1JJ DATA 8 , 8 , 8 , 8 , 8 , 8 , 8  
32JJ DATA 64 , 32 , 16 , 8 , 4 , 2 , 1 
33JJ DATA JJ , JJ , JJ , 127 , JJ , JJ , JJ 

Listing 1 2-1 . 
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When the p rogram is ru n n i ng correct ly,  you wi l l  see what cou ld pass fo r 
a n  a i rp lane p rope l l e r  sp i n n i ng i n  the corner  of you r  sc ree n .  The effect i s  
accom p l i shed by  cyc l i ng t h rough fou r  d iffe rent frames q u ick ly  enough to 
foo l you r eyes and  bra i n i nto see i ng  a cont i n uous  mot ion -the POKE i s  
q u icker than  the eye ! The fou r  frames a re d i agram med i n  F igu re 1 2- 1 , 
a long  with the bit patte rns  and  dec ima l  va l ues req u i red to generate them . 

SCREEN BINARY . SCREEN BINARY 
PATTERN VALUE DECIMAL PATTERN VALUE DEC IMAL 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

X- - - - - - JJJJJJJJ JJJJJJl 1 - - -X- - - JJJJJJJJ llJJJJJ 8 
-X- - - - - JJ000 0010 2 - - -X- - - 00JJ0 llJJJJJ 8 
- -X- - - - 0000 0100 4 - - -X- - - 0000 llJJJ0 8 
- - -X- - - JJ000 1JJ00 8 - - -X- - - 0000 1000 8 
- - - -X- - JJ001 0000 16 - - -X- - - 0000 1000 8 
- - - - -X- 0010 0000 32 - - -X- - - 0000 10JJ0 8 
- - - - - -X 0100 0000 64 - - -X- - - 0000 1000 8 

FRAME #1 FRAME #2 

SCREEN BINARY SCREEN BINARY 
PATTERN VALUE DECIMAL PATTERN VALUE DEC IMAL 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - -X 0100 0000 64 - - - - - - 0JJJJ0 JJ0JJJJ 0 
- - - - -X- 0010 000JJ 32 - - - - - - 0JJJJ0 JJ0JJ0 0 
- - - -X- - 00JJ1 0000 16 - - - - - - 0JJ00 0000 0 
- - -X- - - 0000 1000 8 xxxxxx 0111 1111 127 
- -X- - - - 000JJ 0100 4 - - - - - - 0000 00JJJJ 0 
-X- - - - - JJ00JJ JJ010 2 - - - - - - 0JJ00 JJ00JJ 0 
X- - - - - - JJ00JJ JJJJ01 1 - - - - - - 0JJ00 JJJJ0JJ 0 

FRAME #3 FRAME #4 

� 
Figure 1 2-1 . 

The va l ues fo r eac h frame a re the ones u sed i n  the  fou r  DATA statements 
i n  the p rogram . 

When the p rogram i s  ru n ,  there i s  a de lay befo re anyth i ng seems  to 
happe n .  Th i s  de lay i s  a character ist ic of byte-move programs, and  i s  
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caused by the need to i n it ia l ize a n u m ber  of var iab les and ar rays before 
begi n n i n g  the  a n i m atio n .  I n  L i st i ng  1 2- 1 , l i ne 4(/) sets the  seven Y coord i 
nates u sed in  the figu re, and l i ne 1 6(/) ass igns  the correspo n d i n g  memory 
add ress to each of those coord i nates .  L i nes 8(/) t h rough  1 1 (/) i n it ia l ize an  
a r ray that contai n s  seven data va l ues fo r each of  the fou r  vers ions  o f  t he  
p rope l ler .  

The actua l  an i mat i ng i s  done in  l i nes 2 1 (/) t h rough 25(/) which POKE the 
va l ues for eac h frame i nto H i -Res memory .  The va r iab les  and  ar rays u sed 
in the POKEs tend  to obscu re some of the mechan ics of the p rogram ,  bu't 
they a l so en hance the execut ion ,  s i nce it i s  m u c h  faste r fo r the mac h i ne to 
look u p  the va l ue of Y % (4) sto red i n  memory than to gene rate the corres
pond i ng va l u e  of 1 2288.  

In  genera l  it i s  faste r to look someth i ng  up in  a tab le  than to gene rate it  
eac h t ime it  i s  needed . 

.. 

L i ne  22(/) POKEs the fi rst and  seventh bytes of the figu re [V% ( 1 ,  1 )  and  
V % ( 1 , 7) ] ,  23(/) the second  and  s ixth ,  and  24(/) the t h i rd ,  fifth ,  and  fou rth  
bytes .  POKE i ng the va l u es in  that wei rd order  i m p roves the resu lt i ng  effect, 
but you m ight try c hang i ng the o rder  to POKE them seq uent ia l l y  j u st to see 
what happens .  

Another  reason fo r the va r iab les i s  to  make i t  easy to  mod ify t h i s  pro
g ram so that the figu re wi l l  p lot at d iffe rent Y coord i nates on the sc ree n .  
T h e  a r ray Y% wi l l  conta i n t h e  sta rt i ng  add resses fo r eac h of t h e  1 92 sc reen 
l i nes, and Yl % t h rough Y7% wi l l  be the coord i nates fo r the seven l i nes 
u sed in the shape. 

The p rope l le r  i s  an  examp le  of stat ionary an i mat ion . That i s ,  a n i mat io n  
that takes p lace with i n  a fixed reg ion ,  and  t h e  d iffe rent frames o f  that 
regio n  are a lte rnated to s i m u late movement.  There a re many app l i cations  
for stat ionary a n i m atio n .  The APPLEV I S ION program on  you r  DOS 3 . 3  
m aster i s  an  exce l lent example,  a n d  s o  i s  a H i -Res sco reboard fo r a game .  
(The ten d iffe rent d ig its com pose ten  poss ib l e  frames for d i sp lay . )  

Drop the Prop 

Most shapes used i n  a game a re req u i red to move about the sc reen .  We 
wi l l  now a lte r o u r  p rogram to a l l ow for th i s .  With L i st i ng  1 2- 1  sti l l  i n  
memory, type i n  the fo l lowi n g  c hanges .  

16� GOSUB 1��� : REM CALC ADDRESSES 
245 Y1% Y1% + 1 :  Y2% Y2% + 1 :  

Y3% Y3% + 1 :  Y4% Y4% + 1 :  
Y5% Y5% + 1 :  Y6% Y6% + 1 :  
Y7% Y7% + 1 

246 IF Y7% > 192 THEN END 
1��� REM 



l!ill!il REM CALCULATE Y 
l!iJ2!il REM COORDINATES 
lYJJ!il REM 
1YJ4!il DIM Y% ( 192 ) 
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l!il5!il FOR I = 1 TO 185 STEP 8 :  READ SA% 
l!iJ6!il FOR J = !il TO 7 : Y% ( I  + J )  = SA% + 

J * lYJ24 
1YJ7!il NEXT J , I 
1YJ8!il DATA 8192 , 8J2YJ , 8448 , 8576 , 87YJ4 , 88J2 ,  

896YJ , 9YJ88 
1YJ9!il DATA 82J2 , 8J6YJ , 8488 , 8616 , 8744 , 8872 , 

9!il!iJYJ , 9128 
ll!il!il DATA 8272 , 84YJYJ , 8528 , 8656 , 8784 , 8912 , 

9YJ4YJ , 9168 
lllYJ RETURN 

Listing 1 2-2. 

L i nes 1 ©©© th rough  1 1 1  fl) cal cu l ate the sta rt i ng  add resses for each of the 
1 92 sc reen l i nes by taki ng the base add ress of  the box that the  l i ne l i es i n  
a n d  add i ng the pos i t ion add ress to i t .  That pos i t ion add ress i s  ca lcu l ated as 
a m u lt i p l e  of 1 ©24.  I f  that a lgor it hm escapes you ,  t ry revi ewi ng  the port ion 
of Chapte r 8 where we tal ked about ca lcu l at i ng add resses fo r H i -Res mem
o ry.  

L i ne  245 i s  executed afte r eac h frame i s  d i sp layed , and i ts  pu rpose i s  to 
i nc rement eac h of the seven Y coord i nates so that the p rop wi l l  be p l otted 
one  l i ne lower the next t ime .  

Ru n the mod if ied p rogra m .  You  wi l l  see  the p rope l l e r  d ropp ing  down 
the left edge of the sc reen as it sp i n s .  You wi l l  a l so see a tra i l  of ga rbage 
l eft beh i nd as the shape progresses. Most of eac h frame is wi ped out when 
the  next one  p lots ove r i t ,  but s i nce we a re movi ng  down between frames, 
the top l i ne of eac h frame rema i n s  on  the sc reen to hau nt you .  

When  movi ng a shape u s i ng  byte-move, it i s  often neccesa ry to make 
s pec ia l  p rov i s ions  fo r e ras i ng  the left-ove rs . 

We a l l  know that you r  fi rst t ry neve r ru ns pe rfect ly  anyway, and  the 
p rob lem i s  easi ly  remed i ed by add i ng :  

215 POKE Y% ( YYJ% ) , YJ  
244 YYJ% = Y1% 

L i ne  244 sto res the Y-coord i nate fo r the o ld  top l i ne as Y©% ,  and l i ne 2 1 5 
POKEs a zero there to e rase that byte . 

Getting It Across 

So fa r, you have performed a stat ionary and  a vert ica l  a n i m at ion u s i ng  
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byte-m ove tec h n iq ues .  N ow we take up the p rob lem of horizonta l a n i ma
t ion,  and a p rob lem it tu rns  out to be i ndeed , for it becomes about seven 
t i mes as com p lex as a vert ica l  a n i m ation . For that reason w' wi l l  confi ne 
o u r  byte-move exam p les to the a n i mat io n  of  s i m p le  figu res .  

Lucky Seven 

Seven seems to be the magic n u m ber  for hor izonta l  byte-m ove, and  by 
m ovi ng  a s i ng le  dot across the screen a l itt l e  way, we can show you why .  
I f  you p lan  to tu rn o n  the dot in  the extreme u pper- l eft corner  of  the  H i
Res sc reen ,  you need to add ress you rse lf to the byte at 8 1 92 . The byte 
conta i n s  seven bits, and you want to tu rn  on on l y  the l eft-most, so you 
n eed the dot patte r n :  

X------

which corresponds to : 

! ���� ���1 or  1 

so you may tu rn the dot on  by typ i ng :  

HGR 
POKE 8192 , 1  

N ext, you want the second  dot on ,  then the th i rd ,  fou rth ,  fifth ,  s ixth ,  and  
seventh ,  i n  tu rn . F igu re 1 2-2 sets out the des i red dot and  b i t  patte rns ,  and  
then  the correspond i ng va l ues .  

SCREEN BINARY 
PATTERN VALUE DEC IMAL 

X------
-X...:----
.:.-x----
---X---
----X--
-----X-
------X 

���� ���1 
���� ��1� 
���� �1�� 
���� 1��� 
���1 ���� 
��1� ���� 
�1�� ���� 

Figure 1 2-2. 

1 
2 
4 
8 

16 
32  
64 

From BAS IC  type the fo l lowi ng :  

HGR 
POKE 8192 , 1  
POKE 8192 , 2  
POKE 8192 , 4  
POKE 8192 , 8  
POKE 8192 , 16 



POKE 8192 , 32 
POKE 8192 , 64 
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The dot wi l l  move to the r ight, and the l ast statement  wi l l  l eave the dot 
at the r ight edge of byte n u m ber  8 1 92 .  To cont i n u e  the jou rney, the dot 
m u st move to the fi rst dot of byte n u m ber  8 1 93 ,  and  then  conti nue  ac ross 
that byte . To accomp l i s h  that, you can type the same ser ies of va l ues, but 
u se 8 1 93 as the add ress :  

POKE 8193 , 1  
POKE 8193 , 2  
POKE 8193 , 4  
POKE 8193 , 8  
POKE 8193 , 16 
POKE 8193 , 32 
POKE 8193 , 64 

Th i s  patte rn wi l l  repeat u nt i l you get th rough add ress 823 1 , o r  you get 
t i red of it, wh ichever comes fi rst . 

As you can see, each posit ion  across the byte req u i res a d iffe rent va l ue, 
and there a re seven posit i ons  ac ross the byte, so seven becomes a very 
i m portant n u m ber .  You can a l so see that the last dot i n  every byte you 
t rave l led ac ross was left o n .  As we ment ioned befo re, some a rrangement 
m u st be made to e rase the last va l u e  befo re movi ng on  to the next byte . 
POKEi ng a zero as the fi na l  va l u e  i n  eac h ser ies wi l l  e rase that left-over 
d ot .  

To move the dot across byte n u m ber  1 6  in  that row (the row sta rts with 
byte n u m ber (/)) , you wou ld fi nd the add ress by add i ng the  offset, 1 6, to the 
base add ress, 8 1 92 (d id everybody get 82(/)8?) , and then POKE the se r ies of 
va l ues u s i ng  that add ress .  

There i s  a n ice re lat ions h i p  between the X-coord i nate of a poi nt and  the 
offset and va l u e  needed to refer to it in  byte-move. Cons ider  the seven 
va l u es u sed to move the dot across the byte as seven ve rsions  of the dot, 
and  n u m ber  them zero t h rough s ix .  I f  you wish  to tu rn on a parti c u l a r  dot 
ac ross the row, you need to dete rm i ne wh ich  ve rs ion  of the dot to POKE, 
and the offset from the begi n n i ng of the row. 

For exa m p le, let' s tu rn on the dot i n  the fi rst row wh ich  has an  X
coord i nate of 75 . D iv ide the coord i nate by seven to fi n d  the quot ient  (the 
res u lt of  the d iv i s ion )  and remai nder .  Seven goes i nto 75 ten t imes ( remem
ber you r  g'z i ntas?) w i th  five remai n i ng .  The q u ot ient ( 1 (/J) i s  the offset, and 
the  remai nder  (5 )  i s  the n u m ber  of  the separat ion (ve rs ions  of  the d ot) to 
be u sed . Therefo re, the add ress is 82(/)2 (8 1 92 + 1 (/J) ,  and  the va l u e  is 32 . 
So, 

POKE 82�2 , 32 

and you wi l l  tu rn on  the dot havi ng 75 as its X-coord i nate . 
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Fo r another  examp le, tu rn on the dot with X-coord i n ate 1 <ll<ll and  Y
coord i nate 8©. Screen l i ne 8© i s  at the top of box n u m ber  1 ©, so it has a 
sta rt i ng  add ress of 8488.  (See the H i -Res memory map i n  Appe n d ix 3 . )  
D iv i d i ng 1 <ll<ll (the X-coord i nate) b y  seven gives you a q u ot ient of fou rteen ,  
and a rema inder  o f  two .  Va l u e  n u m ber  2 i s  fou r, so  

POKE 8488 + 14 , 4 

to tu rn the dot o n .  I n  o u r  p rogram m i ng examp les,  we wi l l  rep resent the 
q u ot ient by Q%, and the remai nder  by R% . 

Byting Off More 

I n  the  next few examp les you wi l l  a n i m ate a l i ne ac ross the width of the 
· sc reen .  The l i ne i s  to be seven dots long, so i n i t ia l ly it wi l l  f i t  n ice ly in  one 
byte . Ru n th i s  s im p le  examp le .  

l(il HGR 
2(il FOR L = 8192 TO 8231 
J(il POKE L , 127 : REM POKE NEW BYTE 
4(il POKE L-1 , (ij :  REM ERASE OLD BYTE 
5(il FOR I = 1 TO 5(il : NEXT I 
6(il NEXT L 

Listing 1 2-3. 

The program moves a l i ne ac ross the top of the screen q u ick ly, even 
with the de lay at l i ne 5©, but it sti l l  has a d rawback fata l to any  game :  the 
a n i m at ion i s  j itte ry i n stead of smooth . Each cyc le  of the loop PO KEs the 
l i n e  one byte fu rther  on ,  eq u iva lent to movi ng  seven dots at  a t i me, and 
that i s  too la rge a step .  The so l ut ion i s  to move the l i ne on ly one dot at  a 
t ime, though that i s  eas ie r  sa id than done .  

I mag ine  that you a re looki ng out a wi ndow wh ich  i s  seven dots wide,  
and a snake (a l so seven dots worth)  c rawl s  ac ross the fie ld  of v is ion from 
left to r ight .  At fi rst you wi l l  see o n ly one dot of the snake at the left s ide of 
the wi ndow, then two dots, then th ree, fou r, five, s ix ,  and  fi na l l y  a l l  seven 
dots as the snake i s  com p lete ly with i n  the wi ndow. I n  com p ute r te rms,  the 
w indow you are looki ng th rougb i s  one byte of the H i -Res screen ,  and  the 
snake i s  the l i ne p rogress i ng ac ross i t .  

Meanwhile, Back at the Snake . . .  

We left t h e  snake com p lete ly with i n  one byte . A s  i t  c rawl s  onward ,  it 
enters the next wi ndow in the same way it entered the fi rst, and  at the 
same t ime it leaves the fi rst wi ndow one dot at  a t ime u nti l the fi rst byte i s  
em pty and the second i s  fi l l ed . Th i s  seq uence i s  shown i n  F igu re 1 2-3 .  
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BYTE # 

2 

• • 
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• • • • 
• • • • • 
• • • • • • 
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• • • • • • • 

Figure 1 2-3. 

If you take the t ime  to ca lcu late the va l ues needed to p rod uce the seven 
vers ions, you shou ld  a rr ive at : 

BYTE #1 BYTE #2 
DEC DOT DOT DEC 

VALUE PATTERN PATTERN VALUE 
- ---------------------- - ------ - - - - - - -- -

126 -XXXXXX X------ 1 
124 --XXXXX XX----- 3 
121£l ---XXXX XXX---- 7 
112 ----XXX XXXX--- 15 

96 -----XX XXXXX-- 31  
64  ------X XXXXXX- 63 

Ill ---- - - - xxxxxxx 127 

What you have i n  t h i s  examp le  is a two-byte a n i m atio n .  Even though the 
f igu re appears to be o n ly one  byte wide,  in  s ix  of  the  seven poss i b le  
p l acements, it req u i res two bytes to represent the  l i ne .  You shou l d  con
s ider each of the bytes in a figu re to have i ts  own set of seven separat ions .  · 

I t  i s  another  cha racter i st ic  of byte-move that any  figu re req u i res seven 
sepa rations  fo r hor izonta l  movement and ,  fu rthe r, that eac h figu re takes 
one  byte more than you wou ld  expect. 

The l i ne wh ich  fits in one byte actua l ly req u i res a two-byte defi n it io n .  A 
fou r-byte figu re wi l l  req u i re five bytes for a l l  the  sepa rat ions .  The on ly  
except ion i s  a figu re one  dot wide,  where a l l  seven vers ions  wi l l  fit i nto 
one  byte . 

You can manua l ly  move the l i ne from BAS IC  by typ i ng  

HGR 
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POKE 8192 , 126 : POKE 8193 , 1  
POKE 8192 , 124 : POKE 8193 , 3  
POKE 8192 , 12� : POKE 8193 , 7  
POKE 8192 , 112 : POKE 8193 , 15 
POKE 8192 , 96 :  POKE 8193 , 3 1  
POKE 8192 , 64 :  POKE 8193 , 63 
POKE 8192 , � :  POKE 8193 , 127 

L i sti ng  1 2-4 g ives you a p rogram that wi l l  do essent ia l ly what you d id with 
the ser ies of POKEs .  

1� DIM A% ( 28� ) : REM 28� X-COORDINATES 
2� REM 
3� REM READ THE VALUES FOR 
4� REM THE 7 PAIRS OF FRAMES 
5� REM 
6� FOR I = � TO 6 
70 READ T% ( I ) , H% ( I )  
8� NEXT I 
9� REM 
100 HGR 
110 REM 
120 REM INITIALIZE THE TABLE 
130 REM OF ADDRESSES 
140 REM 
150 J = � 
160 FOR I 8192 TO 823 1 
170 A% ( J )  = I : J = J + 1 
180 NEXT 
19� REM 
20� REM PLOT THE LINE AT 
21� REM EACH X-COORDINATE 
22� REM 
230 FOR X = 1 TO 280 
240 Q% = INT ( X I 7 )  
250 R %  = X- ( 7  * Q% ) 
260 C% = Q% + 1 
270 POKE A% ( Q% ) , T% ( R% ) : POKE 

A% ( C% ) , H% ( R% )  
28� NEXT X 
29� END 
294 REM 
295 REM DATA TABLE 
296 REM 
3�0 DATA 126 , 1 , 124 , 3 , 120 , 7 , 112 , 15 
310 DATA 96 , 3 1 , 64 , 63 , 0 , 127 

Listing 1 2-4. 
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Aga i n ,  we u se va r iab les to make the p rogram obscu re .  The va l ues fo r the 
l i ne a re read i nto ar rays T% (for tai l )  and H% (head) in  l i nes 31ll to Bill . Array 
A% conta i ns ·  the add resses for each of the 41ll bytes ac ross the top of the 
screen ,  and i s  i n it i a l i zed in  l i nes 1 20 th rough  1 80 .  The loop in  l i nes 230  to 
280 p lots the l i ne at every X-coord i n ate ac ross the sc reen ,  but l i nes 240, 
2 50, and  260 merit more study .  

The i r pu rpose i s  to dete rm i ne wh ich pa i r  of  bytes i s  be i n g  used,  and 
w h i c h  of  the seven pai rs of  va l u es need to be POKEd . They do th i s  by 
u s i ng  the q u ot ient and  rema i nder .  Fo r exa m p le,  when  the  X-coord i n ate i s  
42,  seven g'z i nta 42 s ix  t imes, w ith zero l eft ove r .  So  you  need to  POKE 
the s ixth (and seventh)  byte, with the zeroth pai r of va l ues .  

When des ign i ng a byte-move s hape, you wi l l  need to s ketc h and d igit ize 
a l l  seven separations  of the figu re as we d i d  fo r the l i ne .  That data gets 
stored i n  a tab le  fo r u se l ate r i n  the p rogra m .  As you can see, even as 
s i m p le  a figu re as the l i ne req u i red seven d iffe rent ve rs ions, and  s ign ifi cant 
p reparat ion to a n i m ate horizonta l ly, but the resu ltant a n i mat ion i s  as 
smooth as you cou l d  wish  fo r, even though it i s  a bit s low.  

Vocabulary 

Byte-move 

Quot ient 

Rema i nder  

Sepa rat ion 

Exercises 

1 .  Des ign H i -Res figu res fo r the d ig its zero th rough n i ne, and write a 
BAS I C  p rogram to p lace them i nto a region of the H i -Res sc reen i n  
ascend i ng order .  

2 .  Alte r  the p rogram written for Exe rc i se 1 to move eac h d ig it down one 
screen l i ne from the p rev ious  one.  

3 .  D raw and d igit ize the seven vers ions  of the n u mera l  "5" needed to 
a n i m ate it horizonta l ly .  

4 .  Write the code necessa ry to a n i m ate the n u mera l  "5" ac ross the 
scree n .  





1 3  

Advanced Moves 

Objectives 
After read i ng Chapter 1 3  you shou ld  be ab le  to : 

• U se pre-calcu lated tab les to he lp  e n hance you r  a n i mation . 

• A n i m ate stat ionary figu res us i ng part ia l  mod ificatio n .  

• Deve lop p re-sh ifts fo r shapes a n d  u se them fo r a n i m atio n .  

W e  com mend you for gett i ng  t h i s  fa r i n  you r  study of Apple I I  graph ics .  
(No fa i r  if you j u st sk im med to th is  po i nt ! )  You have p rogressed from a 
knowledge of BAS IC  t h rough the land of b i na ry and hex n u m be rs,  o n  
t h rough t h e  memory map maze, and  t o  the rea l m  o f  Low-Res graph ics .  
F rom there you progressed to the wor ld  of  H i -Res where you i nvestigated 
co lor, shapes, shape-tab le  an i mat ion ,  and  byte-move a n i mat io n .  

You have seen most of t h e  major  schemes cu rrent ly u sed to p rod uce H i 
Res g raph ics, and we th i n k  you a re ready fo r a few advanced tec h n iq ues .  
I n  th is  chapter we wi l l  look at th ree d iffe rent methods wh ich  can i n c rease 
the  speed and  effic iency of you r  g raph ics .  Though the ideas d i scu ssed may 
be app l i ed i n  e i ther  BAS IC  or mac h i ne-code, the exa m p les a re presented 
i n  BAS IC  for s i m p l ic ity .  The amou nt of benefit der ived from eac h tech
n iq u e  wi l l  depend on  the part i cu la r  app l i cat ion ,  and  may va ry from a lot to 
none at a l l  (o r worse) . However, s i nce a great amou nt of t ime spent 
p rogram m i ng any game i s  devoted to c l ea n i ng up the graph ics,  som et imes 
you have to be sat i sfied with seve ra l sma l l i m p rovements . 

We wi l l  sta rt with the idea of part ia l  mod ifi cation ,  where i nstead of 
red rawing  the ent i re figu re each t ime, you on ly  p lot those bytes wh ich  
h ave changed from the p rev ious  figu re .  A good i l l u st rat ion of  th i s  idea i s  

147 
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prov ided by a scoreboard in H i - Res; the d igits keep chang ing  i n  a p red icta
b le  man ner, and you can u se that fact to shorten you r  code .  Enter and  ru n 
the fo l lowi ng program (you may o m it the REM statements if you w i sh ) . 

1� REM PARTIAL MOD . 
2� REM 
3� HGR 
4� REM 
5� REM POKE EIGHT 
6� REM 
7� POKE 8192 , 6� : POKE 9216 , 66 :  

POKE 1�24� , 66 :  POKE 11264 , 6� 
8� POKE 12288 , 66 :  POKE 133 12 , 66 :  

POKE 14336 , 6� :  POKE 1536� , �  
9� VTAB ( 24 ) : PRINT "PRESS A KEY 1 1 • 

GET R$ 
1�� REM 
11� REM POKE NINE 
12� REM 
13� POKE 8192 , 6� : POKE 9216 , 66 :  

POKE 1�24� , 66 :  POKE 11264 , 6� 
14� POKE 12288 , 64 :  POKE 133 12 , 64 :  

POKE 14336 , 6� :  POKE 1536� , �  
15� VTAB ( 24 ) : PRINT "PRESS A KEY" 

GET R$ 
16� REM 
17� REM POKE ZERO 
18� REM 
19� POKE 8192 , 6� :  POKE 9216 , 66 :  

POKE 1�24� , 66 :  POKE 11264 , 66 
2�� POKE 12288 , 66 :  POKE 133 12 , 66 :  

POKE 14336 , 6� :  POKE 1536� , � 
21� VTAB ( 24 ) : PRINT "PRESS A KEY" : 

GET R$ 
22� GOTO 7� 

Listing 1 3-1 . 
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When you have eve ryth i ng  keyed i n  correct ly,  you wi l l  see the d ig its 
e ight, n i ne,  and  ze ro cyc le  on the H i - Res scree n .  Th i s  was eas i ly  done by 
POKEi ng the appropriate dot patte rns  i nto sc reen memory .  

For  exam ple,  the n u mera l s . e ight and  n i ne a re com posed of  e ight rows of 
d ots wh ich  correspond to byte va l ues as shown be low. 

DOT BIT  DECIMAL DOT BIT DECIMAL 
PATTERN PATTERN VALUE PATTERN PATTERN VALUE 

- ----------------------------- - ---------------------------
--XXXX-
-X----X 
-X----X 
--XXXX-
-X----X 
-X----X 
--XXXX-
----- - -

!il!illl ll!iJ!iJ 
!ill!il!il !il!ill!il 
!ill!il!il !il!ill!il 
!il!illl ll!iJ!iJ 
!ill!il!il !il!ill!il 
!ill!il!il !il!ill!il 
!il!illl ll!il!il 
!il!il!il!il !il!il!il!il 

6!iJ 
66 
66 
6!iJ 
66 
66 
6!iJ 

!iJ 

--XXXX-
-X----X 
-X----X 
--XXXX-
------X 
------X 
--XXXX-
-------

Figure 1 3-1 . 

!iJ!illl ll!iJ!il 
!ill!il!il !iJl!iJ!il 
!ill!il!il !il!ill!il 
!il!illl ll!iJ!il 
!ill!il!il !il!ill!il 
!ill!il!il !il!ill!il 
!il!illl ll!il!il 
!il!il!il!il !il!il!il!il 

6!iJ 
66 
66 
6!iJ 
66 
66 
6!il 

!iJ 

N ow, if you take a m i n ute to com pare the va l u es u sed fo r e ight with 
those u sed fo r n i ne,  you shou ld  not ice that a l l  except two of the va l u es are 
the  same .  So the q uestion  natu ra l ly ar i ses, "S i nce n i ne a lways fo l lows 
e ight, why shou ld  I POKE a l l  the va l ues for the n i ne,  when s ix of them are 
the  same as before ? ! ?" Fu n ny you shou ld  ask !  

That i s  the idea beh i nd part ia l  mod if icat ion - a lte r the ex i st i ng f igu re 
i n stead of tota l ly rep lac i ng it .  Type these l i nes to change the  prev ious  
l i sti ng .  

13� REM 
14!il POKE 12288 , 64 :  POKE 133 12 , 64 
19!il POKE 11264 , 66 
2!iJ!iJ POKE 12288 , 66 :  POKE 133 12 , 66 

N ow l i nes 1 3© and  1 4© wi l l  POKE o n l y  the changes needed to tu rn  the 
e ight i nto the n i ne,  and s i m i la r ly  l i nes 1 9© and 2©© POKE the changes 
req u i red to tu rn n i ne i nto zero .  When you ru n the program you wi l l  not 
see m u c h  d iffe rence, but you wi l l  have the sati sfact ion of knowi ng  that 
you r  code i s  more effi c ient .  

G ra nted, the t i me  savi ngs i s  i n s ign ificant in  th i s  exa m p le,  but  if you a re 
try i ng to a n i m ate 1 5© bytes worth  of Zy lon spacesh i p, o r  what have you ,  
part ia l  n 1od ificatio n  cou ld potent ia l ly  save a great dea l  o f  t i me .  

Pre-calculation 

The next top ic  to cons ider  i s  p re-ca lcu l at ion . When a figu re i s  m ovi ng 



150 APPLE I I  COM PUT E R  G RA P H I CS 

a rou n d  the sc reen ,  there a re many ca lcu lat ions  to be made :  the shape' s X 
and  Y-coord i nates, perhaps the add ress correspo n d i n g  to those coord i 
nates, and if you a re a n i mat i ng  us i ng byte-move, wh ich of  the seven 
vers ions  of the shape i s  to be u sed at eac h coord i nate . 

Somet imes the figu ri ng can be done "on the fly, " such  as afte r the shape 
i s  d rawn on  the sc reen and befo re it i s  e rased to be moved . Th i s  i nc reases 
the t i me  the object i s  on the sc reen .  Th i s  i nc reases the rat io of the d i sp lay 
t ime to the e rase t ime, wh ich  i n  tu rn red uces fl i cker .  H owever, ca lcu lat i ng 
a l l  of t h i s  with i n  the  a n i m at i o n  rout i n e  wi l l  s l ow it  down beca u se 
a rith m etic operat ions  tend  to gobb le u p  re lative ly l a rge amou nts of p roces
sor t i me- remem ber, it is u sua l l y  faste r to look it up than  to figu re it out .  

As a n  a lternative, it i s  poss ib le  to com pute the path of an  object before i t  
sta rts, and store each of the coord i nates in a tab le  ( BAS I C  ca l l s  them 
a rrays) . I t  i s  usua l l y  faste r to look a n u m ber  up in a tab le  (espec ia l l y  when 
us i ng mac h i ne code) than  it i s  to com pute it on  the spot .  The game 
TH RES H O L D  uses tab les,  byte-move, and p re-ca lcu lat ion i n  its a n i m at io n .  

I n  C hapte r 1 2  w e  used byte-move tec h n iq ues t o  move a l i ne ac ross the 
sc reen .  I f  you sti l l  have that p rogram ly i ng a round  on a d isk somewhere, 
go get it because we a re about to mod ify i t .  The com p lete l i st i ng  i s  g iven 
be low, but if you have the o ld  p rogram you can avoid  havi ng to type most 
of it i n  agai n .  

10 DIM A% ( 280 ) :  REM 280 X-COORDINATES 
20 REM 
30 REM READ THE VALUES FOR 
40 REM THE 7 PAIRS OF FRAMES 
50 REM 
60 FOR I = 0 TO 6 
70 READ T% ( I ) , H% ( I )  
80 NEXT I 
90 REM 
100 REM 
110 REM 
120 REM INITIALIZE THE TABLE 
130 REM OF ADDRESSES 
140 REM 
150 J = 0 
160 FOR I 
170 A% ( J )  
180 NEXT 
190 REM 

14336 TO 14374 
I : J = J + 1 

200 REM PRE CALC . 
205 REM 
210 DIM Q% ( 280 ) , R% ( 280 ) 
220 FOR X 1 TO 280 
230 Q% ( X ) = x I 7 : R% ( X ) X-Q% ( X ) * 7 



24� NEXT X 
25�  HGR : REM SET GRAPHICS 
254 REM 
255  REM HERE GOES ! ! 
256  REM 
26� FOR X = 1 TO 28� 
27� POKE A% ( Q% ( X ) ) , T% ( R% ( X ) ) :  
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POKE A% ( Q% ( X ) + 1)  , H% ( R% ( X ) )  
28� NEXT X 
29� END 
294 REM 
295 REM DATA TABLE 
296 REM 
3�� DATA 126 , 1 , 124 , 3 , 12� , 7 , 112 , 15 
3 1� DATA 96 , Jl , 64 , 63 , � , 127 

Listing 1 3-2. 

L i nes 1 00, 1 60, and  200 t h rough  2 70 a re the o n ly new mod if icat ions .  

The  ar rays Q %  and  R% ho ld  the q u ot ients and  rema i nders fo r each  of 
the  280 X-coord i nates . D iv id i n g  the X va l u e  by 7 g ives you the offset (0-39) 
u sed to add ress the correct byte ac ross the sc reen ,  and a l so wh ich  of the 
seven ve rs ions  of  the figu re shou ld  be used (Reme m be r?) . 

L i nes 1 60- 1 80 fi l l  a r ray A% with the add resses fo r eac h of the 40 bytes 
ac ross the screen l i ne, and l i nes 220-240 ca l cu l ate the 280 q u ot ients and 
rema inders .  F i na l l y, l i ne 250 tu rns  on  H i -Res, and  l i ne 2 70 does the actua l  
POKEi ng .  

Sorry about  the com pou nd i ndex i ng  [A% (Q % (X) ) ] ,  but  it cou ld not be 
he lped . X i s  the coord i nate n u m ber, so Q % (X) i s  the  q u ot ient be long i ng to 
that coord i nate, and  A% (Q % (X) ) i s  the  add ress determ i ned by that q u o
t ient .  

Th is  new vers ion  of the p rogram ru ns  the l i ne ac ross the sc reen in  seven 
seconds ,  as opposed to n i ne i n  the  ea r l i e r  one .  N ow, seven seconds  i s  sti l l  
p retty s low (b lame BAS IC) ,  but p re-ca lcu l at i ng d i d  resu lt i n  a s ign ificant 
i m p rovement (22 percent, s i nce you asked . )  

Pre-shi�ing · 

And now, o n  to perhaps the m ost e legant of the tec h n iq ues :  pre-sh ift i ng .  
We a re go i ng to  a n i m ate us i ng a shape tab le ,  so take a cou p le  of  m i n utes 
n ow to enter it. F rom BAS I C  type:  

CALL -151 
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3�� : �2 �� �6 �� 45 �� 3F 3F  
3�8 :  3F 3F  3F 3F  �8 2D  2D  2D 
3 1� : 2D 2D 2D 18 3F 3F 3F 3F  
3 18 : 3F 3F  �8 2D  2D  2D  2D  2D 
32� : 2D . 18 3F 3F 3F 3F 3F 3F  
328 : �8 2D  2D  2D  2D  2D  2D  18 
33� : 3F 3F  3F  3F  3F 3F  �8 2D 
338 : 2D 2D 2D 2D 2D 18 3F 3F  
34� : 3F 3F  3F  3F  �� 24  24  24 
348 : 24 DF DB DB DB �6 36 36 
3 5� : 36 36 �� �� �� �� �� �� 

3D�G 
BSAVE SQUARE , A$3�� , L$53 

With the tab le  sti l l  in memory, l et' s fi nd  out what we actua l l y have there .  
Type : 

POKE 232 , � :  POKE 233 , 3  
HCOLOR = 3 : ROT = � : SCALE = l : HGR 
DRAW 1 AT 5� , 5� 

The fi rst l i ne te l l s APPLESO FT where the tab le  i s  sto red ($0300) i n  lo
byte/h i -byte fo rm (00 and 03) . The second l i ne sets a l l  the parameters, and  
the t h i rd d raws the fi rst s hape, a rectang le ,  a t  50, 50 on  the H i -Res scree n .  

T h e  second shape i n  t h e  tab le  i s  t h e  ho r izonta l  p re-sh ift (the what ! ?? )  of 
the o rig i na l  rectang le .  To exp la i n ,  i magi ne  that you s h ift the  rectang le  one  
p lace to  the r ight .  The  bu l k  of  the figu re i s  u nchanged ; there i s  a s i ng le  l i ne 
added to the r ight s ide,  and  one  de leted from the left s ide .  P re-sh ifti ng, l i ke 
part ia l  mod ificat ion ,  i s  a way to p rocess o n ly that port ion of the  figu re 
wh i ch  changes wh i le  l eavi ng the rest a lone .  

Now type: 

DRAW 2 AT 51 , 6� 

to d raw the pre-sh ift be low the rectang le .  Not ice that the p re-sh i ft has a 
s i ng le  l i n e  to the r ight of the rectang le ,  and  another  that l i nes u p  with the 
left s ide of  the rectang le .  To affect the mod ification ,  we wi l l  X D RAW the 
pre-sh ift on  top of  the rectang le .  

Let u s  d ig ress fo r a moment .  When u sed to s u pe ri m pose one  figu re on  
another, X D RAW has  the effect o f  com par i ng  co rrespond i ng  dots o f  t he  
two s hapes and fo rm i ng a resu ltant figu re from them . The resu ltant dot i s  
on  if e i ther  one of  the o rig i na l  dots were o n ,  but not bot h .  The chart be low 
s u m marizes the resu lts from the fou r  poss i b i l i t ies .  

Dot#! 
#2 

Result 

ON 
ON 

OFF 

ON 
OFF 

ON 

OFF 
ON 

ON 

OFF 
OFF 

OFF 
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So, when the p re-sh ift i s  XDRAWn ove r the rectang le ,  the dots o n  the 
l eft s ide of both figu res a re on,  so that whole row wi l l  be tu rned off. But 
the  r ight s ide of the p re-sh ift i s  one row beyond the rectang le ,  and s i nce 
o n ly the p re-sh ift dots a re on, the resu lt wi l l  be to tu rn that row of dots o n .  
B ut enough words, let' s t ry i t !  F rom BAS I C  type : 

XDRAW 2 AT 51 , 50 
XDRAW 2 AT 52 , 50 
XDRAW 2 AT 53 , 50 
XDRAW 2 AT 54 , 50 
XDRAW 2 AT 54 , 50 
XDRAW 2 AT 53 , 50 

The rectang le  wi l l  move to the r ight, and  then bac k to the left . If you a re 
su rpr i sed by the repeated XDRAWs at 54, remem ber  that two consecutive 
X D RAWs a lways cance l  out. The fi rst XDRAW m oves the rectang le r ight, 
and  the second  cance l s  it out to move the rectang le  back to the left . P lay 
with XDRAWi ng th i s  figu re manua l ly  u nti l you can move it a rou nd com
fo rtab ly .  

L i st i ng 1 3-3 u ses th i s  idea to move the rectang le  ac ross the scree n .  

10 REM PRE-SHIFT 
20 REM 
30 0$ = CHR$ ( 4 )  
40 PRINT 0 $  "BLOAD SQUARE" 
50 POKE 232 , 0 : POKE 233 , 3  
60 HCOLOR = 3 : ROT = 0 : SCALE = 1 
70 HGR 
80 DRAW 1 AT 20 , 100 
90 FOR I = 21  TO 275 
100 XDRAW 2 AT I , 100 
110 NEXT I 

Listing 1 3-3. 

There a re two ve ry p leasant su rpr i ses with th i s  p rogra m .  The fi rst is that it 
i s  s ho rt and s i m p le, and the second i s  that it moves the figu re q u ic k ly  and 
with very l itt le  fl i cker !  

You m ight w i sh  to com pare th i s  method with  the  ear l i e r  one of  X D RAW
i ng the shape on and  off the sc ree n .  To do so, j u st make the fo l lowi ng  
changes : 

80 FOR I = 20 TO 275 
90 XDRAW 2 AT I , 100 
100 XDRAW 2 AT I , 100 

Pre-sh ifti ng can be u sed fo r both ho r izonta l  and  vert ica l  movement.  To 
d ete rm i ne the p re-sh ift for any  figu re, j u st XDRAW it once,  sh ift i n  the  
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des i red d i rection ,  and XDRAW it aga i n .  To demonstrate, let' s fi nd  the 
vertica l  pre-sh ift of  ou r rectang le .  F rom BAS I C  type:  

HGR 
XDRAW 1 AT 50 , 50 
XDRAW 1 AT 50 , 49 

The figu re remai n i ng on the sc reen i s  the ve rti ca l  p re-sh ift of the rectan
g le .  To use i t ,  you need to i nc l ude it in  a shape tab le  and  then  XD RAW it  
ove r the rectang le .  Do i ng th i s  wi l l  make the rectang le  appear to move 
verti ca l ly .  C reati ng a shape out of the p re-sh ift may sti l l  be a sma l l  p rob
lem,  but seve ra l of the H i -Res ed ito rs are capab le  of that .  

P re-sh ifti ng may a l so be u sed with byte-move shapes . To do th i s ,  the fu l l  
f igu re i s  fi rst d rawn o n  the sc reen ,  and  from then o n  p re-sh ifts a re u sed to 
move it. As a conseq uence, there a re seven vers ions  of the p re-sh ift i n stead 
of seven ve rs ions  of the figu re, and  the p roper p re-sh ift is se lected by 
exam i n i ng the rema i nder .  

Pre-sh ift i ng  with  byte-move req u i res that you " Exc l u s ive Or" (EOR) the 
bytes in  the pre-sh ift over the bytes on  the sc ree n .  Remem ber, an  " Exc l u 
s ive O r" operat ion  com pares two b its and  gives a posit ive (ON)  res u lt if 
either one of the o rig i na l s  was O N ,  but not both . Otherwi se, the res u lt i s  
negat ive (OFF) . The XDRAW com mand does exact ly  that with shape tab le  
figu res,  but  s i nce byte-move does not u se a shape tab le ,  you m u st a r r ive at 
you r  own EOR rout i ne .  Th i s  is a pa i n  from BAS IC,  but mac h i ne language, 
where byte-move is most advantageous  anyway, has its own EOR com
mand so the rout i ne  i s  fa i r ly  easy to write . 

Back in the Paddle Again 

J u st fo r fu n ,  let' s mod ify L i st i ng  1 3-3 fu rther  to u se pad d l e (/) to contro l  the 
rectang le .  

80 DRAW 1 AT 20 , 100 
90 X = 20 : XO = 20 
100 OD = 1 
110 REM 
120 IF  PDL ( 0 )  < 90 THEN X = X-1 : 

ND = 0 :  GOTO 140 
130 IF PDL ( 0 )  > 150 THEN X = X + 1 :  

ND = 1 
140 IF X < 20 OR X > 275 THEN X XO 
150 IF X = XO GOTO 110 
160 IF ND < > OD THEN XDRAW 2 AT 

xo , 100 
170 XDRAW 2 AT X , 100 : XO = X : OD = ND 
180 GOTO 110 
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L i nes 1 20 and  1 30 test the va l u e  of PDL (0) and decrement o r  i nc rement 
the X-coord i nate as needed . L i ne  1 40 keeps eve ryt h i ng with i n  range, and 
l i ne 1 50 sk i ps the XD RAW statements if there i s  no m ovement of the 
sq uare-th i s  he lps to avo id  fl i cker .  

I n  l i ne 1 60, if the o ld  d i rect ion (OD)  i s  d iffe rent from the new d i rect ion 
( N D) then the extra XD RAW i s  done .  ( Remem ber  that ser ies  of  XD RAW 
statements above?) L i ne  1 70 does the regu l a r  X D RAW and sets the o ld  
va l ues to  the new va l ues . 

With these changes i n  effect, the  rectang le  wi l l  respon d  to padd le  con
t ro l .  

W h e n  you a d d  part ia l  mod ification ,  p re-sh ift i ng, and p re-ca lcu lat io n  to 
you r  reperto i re, you g ive the fi na l  po l i s h  to you r  a n i m at ion sk i l l s .  That i s  
a bout a l l  there i s  to know about des ign i n g  and  a n i mati ng  figu res, and i n  
t h e  next chapter we add ress a s l i ght ly  d iffe rent top ic :  co l l i s ion  detect io n .  

* * * O n e  extra tid-bit for the Apple l ie* * *  

One an noyi ng sou rce of fl i cker  i n  a n i mat ion stems  from changi ng  the 
d ata bei ng d i sp layed w h i l e  it i s  bei ng sca n ned . The e lectron beam in you r  
m o n itor o r  TV sweeps ove r the ent i re sc reen s ixty t i m es every second,  
m uc h  as a searc h l ight  wi l l  sweep ac ross the sky.  The t r i ck  i s  to change the 
d i sp lay data when the beam i s  not " look i ng ."  Over one-q uarte r of  the t ime 
in  eac h sweep i s  spent  gett i ng  the beam from the bottom back to  the top 
of the screen so it can begi n the next cyc le .  Th i s  is ca l led Vert ica l  B l a n k
i ng .  S i nce noth i ng new can be d i sp layed d u ri n g  th i s  i nte rva l (about o ne-
200th of a second) ,  t h i s  is the best t i me to switc h the d i sp lay data . With the 
Apple I I + there was no way to te l l  when the ve rt ica l  b l a n ki ng was occ u r
r i ng, but the l i e has a spec ia l  Ve rt ica l  B l a n ki ng Locat ion  (VB L) at 49 1 77 
($C0 1 9) wh i ch  s igna l s  the ve rt ica l  b la n k i ng i nte rva l to anyone who cares to 
look .  When the vert ica l  b lank i ng  i nte rva l begi ns ,  the va l ue  i n  the VBL  
d rops to  less t han  1 28, and  th i s  va l u e  may  be  read u s i ng  a PEEK  statement .  

Let' s s uppose that the routi ne to a n i m ate the figu re by changi ng  the 
d i sp layed data begi n s  at  l i ne 1 000, then  l i ne 1 000 cou ld read : 

l(il(il(il IF  PEEK ( 49177 ) > 127 GOTO l(il(il(il 
l(ill(il Rout ine to POKE in new values 

L i ne  1 000 wi l l  de lay the chang ing  of d i sp lay va l ues u nti l the  ve rt ica l  b l ank
i ng per iod begi ns ,  at wh ich  t ime  it wi l l  d rop t h rough to l i ne 1 0 1 0  and 
begi n changi ng .  

The VBL i s  sti l l  too new to fa i r ly  eva l u ate i t s  u sefu l n ess,  but it i s  gett ing  
m ixed reviews from some of  the cu rre nt game program mers .  A l though it i s  
n ice to change the d i sp lay data d u ri ng the vert ica l  b l a n ki ng  i nte rva l ,  do i ng  
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so m ay s low the an i mat ion s i nce movement i s  a lways de layed u nt i l the 
next verti ca l  b lan k i ng i nte rva l .  H avi ng to wait for less  than  one-s ixt ieth  of  a 
secon d  may not seem l i ke m u c h  to you ,  but to you r  App le  it i s  q u ite a long  
t ime .  We wi l l  j u st have to  wait and  see what new tec h n i q ues a re deve l -
oped for the App le  l i e .  

· 

Vocabulary 

Exc l u s ive OR (EOR) 

Pa rt ia l  Mod ifi cat ion 

Pre-Ca lcu lat ion 

Pre-Sh ift 

Vert ica l  B l ank i ng  

Vert ica l  B lank i ng  Locat ion (VB L) 

Exercises 

1 .  Su ppose that a figu re begi n n i ng at (2(/)(/), 1 9(/J) on  the H i -Res sc reen 
t rave l s  with a s lope of one-ha l f  (moves u p  one  and  r ight two each 
t i me) . Deve lop a tab le contai n i ng its X-Y coord i nate pai rs from its 
o rig i n u nti l it ru n s  i nto the TOP of the sc ree n .  ( I n  the cou rse of 
movi ng it wi l l  contact the r ight s ide  of the sc reen .  At that t ime  it 
s hou ld  begi n to move up one and left two with each movement . )  

2 .  Use the tab le  deve loped in  Exerc i se 1 to  a n i m ate the sq uare from the 
s hape tab le d i scussed in  th i s  chapte r .  

3 .  Use part ia l  mod if icat ion to cyc le th rough ten d ig its on  the H i - Res 
sc reen .  

4 .  Create a shape tab le  conta i n i ng a rectang le ,  its horizontal and  vert ica l  
p re-sh ifts, i t s  two d iagona l  (up one,  ove r one) p re-s h ifts, and  the p re
s h ifts req u i red to move the rectang le  up one,  r ight two or up one,  l eft 
two . (Use a g raph ics ed itor if you own one ! )  

5 .  Use each of  the p re-sh ifts deve loped i n  Exerc i se 4 to  m ove the rectan
g le .  



1 4  

Collision Course 

Objectives 
After read i ng C hapte r 1 4  you s h o u l d  be ab le  to : 

• Detect a co l l i s ion  between  o bjects o n  the sc reen u s i n g  e i ther  t he  box 
m ethod or the contact method . 

By t h i s  t i me  you shou ld  have you r figu res m ovi ng  smooth ly  about the 
scree n .  In  th i s  chapte r we wi l l  touch  on  a v i ta l  e l ement of  most every 
a rcade game i n  ex i stence :  detecti ng a co l l i s ion  between two objects o n  the 
scree n .  

I t  i s  t r iv i a l  fo r you t o  see w h e n  two o bjects meet; you s i m p ly  look at the 
m o n ito r !  H owever, you r  App le  I I  does not have eyes, so it i s  i n  the same 
pos it i on  as a b l i nd person who u ses a cane to p ro be fo r objects in  h i s  or  
her  path . Th i s  ana logy actua l l y conta i n s  more truth than  it has a r ight to . 

I magi ne the p rob lem of dea l i ng with j u st two objects o n  the sc ree n .  It i s  
t heoret ica l l y poss i b l e  to  keep a l i st of a l l  the  X-Y coord i nates u sed i n  each 
shape, and  then  to c heck fo r co l l i s ion  by see i n g  if there i s  a coord i nate 
pa i r  wh i ch  l i es i n  both shapes.  S u ppose that one  shape i s  p lotted on [ ( 1 , 1 ) , 
( 1 ,2 ) , ( 1 , 3) ] ,  and  the second uses coord i nates [ ( 1 , 2 ) , (2 ,2 ) , (3 ,2 ) ] . I n  t h i s  case 
the re m u st be a co l l i s i on ,  s i nce the poi nt ( 1 ,2 )  is a pa rt of both s hapes.  
Sou nd s i m p le?  

U nfo rtu nately, th i s  method q u ick ly  becomes u nworkab le  s i nce, when 
a n i m ati ng,  you a re cont i n u a l l y c hang i ng  the poi nts u sed i n  eac h shape,  so 
you wou ld have to co nti n u a l ly change a l l  of the  l i sts . More i m portant, the 
task of c ross-c heck i ng  eac h poi nt gets q u ick ly  out  of hand s i n ce eve n a 
t r iv ia l  fi gu re wi l l  conta i n  perhaps ten poi nts . C ross-c heck i ng  two such  

157 



158 APPLE I I  COM PUT E R  G RAPH ICS 

f igu res leads to 1 00 c hecks, and th ree figu res may give you 1 00©! So m u c h  
for that idea.  

We a re go i ng to exam i ne two methods wh ich  both u se the b l i nd -man ' s  
cane  approach .  We wi l l  fi re a m i ss i l e  a t  a shape sto len  from CROSS F I RE  
(by J .  S u l l ivan ) ,  and  a s  the m i ss i l e  moves, we  wi l l  conti n u a l ly c heck its 
path . The shape tab le is given be low, so take a few m i n utes now to enter 
a nd save it .  From BAS I C  type : 

CALL -151 

300 : 02 00 06 00 4A 00 4D 49 
308 : 49 69 18 DF DB DF DB 07 
310 : 48 49 69 4D 49 18 DF DB 
318 : DB DB 07 48 0D 6D 0D 6D 
320 : 0D D8 DB FB DF DB 48 09 
328 : 0D 0D 0D 4D 01 D8 DF FB 
330 : DF FB 08 4D 49 4D 49 05 
338 : 18 DF DB DB DB 07 08 4D 
340 : 49 49 49 05 D8 FB DB DB 
348 : DF 00 36 27 0D 36 00 0� 

BSAVE XFSHAPE , A$3�0 , L$5� 
3 D�G 
POKE 232 , � : POKE 233 , 3  
HGR : HCOLOR = 3 : SCALE = l : ROT = � 
DRAW 1 AT 2� , 20 
DRAW 2 AT 2� 50 

The fi rst shape i s  ou r ta rget . I t  shou ld  look a bit l i ke a sp ider .  The secon d  
s hape i s  t h e  m i ss i le, and i t  shou ld  look l i ke t h i s :  

x 
xxx 
xxx 

When you get the tab le  saved correct ly,  you a re ready to a n i m ate . We 
wi l l  leave the sp ider  a lone and move the m i ss i l e  back and  fo rth ac ross the 
bottom of  the sc reen us ing pad d l e  0 .  When the padd le  button i s  p ressed , 
we w i l l  move the m iss i le  u p  the sc reen u nt i l we bu m p  i nto e i ther  the  
sp ider  or  the top of  the scree n .  To effect that movement, we wi l l  p lot and  
e rase the m i ss i le ,  t hen  move up  one  l i ne and  do it agai n .  Befo re eac h 
movement of the m i ss i le, we wi l l  c heck the space it i s  m ovi ng  i nto and  see 
i f  there i s  someth i ng (the  ta rget) a l ready there .  I n stead of chec ki ng to see if 
someth i ng  h its the target, we wi l l  see if someth i ng  ru n s  i nto the m i ss i l e !  

We wi l l  deve lop the p rogram in  two stages .  The fo l lowi ng com mands  
wi l l  get the bas ic  movement sta rted . You  may o m it any REM statements 
except 1 5© and 50© wh ich  a re u sed as entry poi nts for G OTO statements . 



l!i' D$ = CHR$ ( 4 )  
2 !i'  PRINT D$ "BLOAD XFSHAPE" 
3!i'  MY, = 5 : M  = 5 
8!i' REM 
85  POKE 232 , Y, :  POKE 233 , 3 
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9!i' HGR : HCOLOR = 3 : ROT = Ii' :  SCALE = 1 
l!i'!i' DRAW 1 AT 14!i' , 5!i' 
11� XDRAW 2 AT M , 15!i' 
12!i' REM 
l3!i' REM CHECK PADDLE 
14!i' REM BUTTON 
15!i' REM 
16!i' IF PEEK ( -16287 ) > 127 THEN 

GOSUB 5!i'!i' 
17!i' REM 
18!i' REM MOVE MISSILE 
19!i' REM 
2!i'!i' IF  PDL ( !i' )  < 9!i' THEN M = M-2 : 

GOTO 22!i' 
21!i' IF PDL ( !i' )  > 15!i' THEN IF M < 277 

THEN M = M + 2 
22!i' IF  M < 1 THEN M = 1 
23!i' IF  M = Mli' GOTO 25!i' 
24!i' XDRAW 2 AT MY, , 15!i' : XDRAW 2 AT M , 15!i' : 

M!i' = M 
25!i' GOTO 15!i' 
48!i' REM 
49!i' REM COLLISION DETECT 
5!i'!i' REM 
5 1!i' REM WE ' LL PUT THIS IN SHORTLY ! 
52!i' PRINT CHR$ ( 7 ) : RETURN 

Listing 1 4-1 . 

Th i s  l i sti ng  wi l l  get the sp ider  onto the sc reen and  the  m i ss i l e  mov i ng 
u nder  padd le  contro l .  When you p ress the pad d l e  0 button the com p uter 
w i l l  beep at you ,  w h i c h  i nd i cates that t he  (as yet non -exi stent) fi re/ 
co l l i s ion-detect rout i ne  has been ca l led . 

M0 i s  the "o ld" X-coord i nate of the m i ss i le ,  and  M i s  the  new one .  The 
m i ss i le  i s  moved by dec rement i ng  or  i nc rement i ng M ( l i nes  200 and 2 1 0) ,  
then  XDRAWing  to e rase the o ld  m i ss i le ,  and  then  XD RAWi ng  agai n to 
p lot the new one  ( l i n e  240) . 

After you have the m i ss i l e  movi ng ac ross the bottom of the sc reen ,  we 
wi l l  ta l k  about the co l l i s ion  rout i ne .  Ru n the p rogra m  as you have it so fa r, 
and press CTRL-C to recaptu re contro l  w h i le l eavi ng the  sp ider  on the 
scree n .  I magi ne  that there i s  a l itt le  box d rawn a rou nd  the  sp ider .  In  fact, 
put tne box there by typ i ng  these fou r  l i nes from BAS IC .  
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HPLOT 137 , 3 8  TO 153 , 3 8  
, HPLOT T O  153 , 51  

HPLOT TO  137 ,  51  
HPLOT TO  137 , 38 

As we move the  m i ss i le  u p  the screen we wi l l  c heck to see if it moves 
i ns ide  that box, and  if so - BOOM ! To get that to happen,  add these l i nes 
to you r  p rogram : 

4(i' REM 
5(i' REM SET BOUNDARIES 
6(i' REM 
7(i' YMAX = 51 : MINX = 137 : MAXX 153 
5 1(i' PRINT CHR$ ( 7 ) : REM BELL 
52(i' C = ii' :  REM COLLISION FLAG 
53ii' FOR Y = 149 TO ii' STEP -1  
54(i'  IF  Y < YMAX THEN IF  M > MINX 

AND M < MAXX THEN C = 1 :  REM COLLISION ! ! 
5 5ii'  IF  C THEN PRINT CHR$ ( 7 ) ; CHR$ ( 7 ) ; 

CHR$ ( 7 ) : XDRAW 2 AT M , Y  + 1 :  GOTO 62ii' 
561i' XDRAW 2 AT M , Y + 1 :  XDRAW 2 AT M , Y 
571i' NEXT Y 
58ii' REM ERASE MISSILE @) TOP 
591i' y = y + 1 
6(i'fi' XDRAW 2 AT M , Y  
61fi' REM DRAW NEXT MISSILE 
62fi' XDRAW 2 AT M , 15ii' 
63fi' RETURN 

Listing 1 4-2. 

L i ne  7(/J sets the bou ndaries fo r the sq ua re .  The u pper bou ndary i s  ig
nored i n  th i s  examp le  becau se the m i ss i les a lways come from be low. 

L i n e  54(/J i s  the l i ne that actua l ly detects any co l l i s io n .  I t  fi rst c hecks the 
Y-coord i nate at the t i p of the m i ss i l e  to see if it i s  h i gh  enough to poss ib ly  
str i ke the box. I f  so, then the X pos it ion  i s  checked to  see if it i s  i n  the  
correct horizonta l range.  I f  the answer to  a l l  o f  these i s  "yes," then we 
have a co l l i s ion and the flag (C) is set to 1 for l ate r refe rence .  

L i ne 55(/J i s  where you j u m p  to get you r  n ifty exp los ion  rout i ne,  but s i nce 
th is  i s  on l y  an  exa m p le, a l l  we do i s  set off the be l l s  and wh i st les .  We then 
e rase the m i ss i le  from its last pos i t ion and  j u m p  to where a new m iss i l e  i �  
d rawn at the bottom - big dea l !  

I n  t h i s  case, s i nce t h e  ta rget i s  stat ionary, i t  wou ld  b e  advantageous  to 
c heck the X-coord i nate befo re the Y. If the X va l u e  is with i n  the range of 
the ta rget, there is bou nd to be a co l l i s io n .  I n  that case you need to check 
on ly  the Y-coord i nate as the m i ss i l e  r ises in  o rder  to te l l  you when the 
m i ss i le  st r i kes the ta rget . I f  the X i s  not with i n  range, then  the m i ss i l e  wi l l  
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a lways m i ss the sp ider  so you do not have to c heck e ither coord i nate 
agai n ,  j u st let the m i ss i l e  make its way to the top of the scree n .  Th i s  sort of 
spec ia l ized adj ustment can often stream l i ne you r  a n i mat ion .  

The box method u sed i n  the examp le  i s  fa i r ly  s im p le, bu t  i t  i s  a l itt le  
s loppy s i nce it dec l a res a co l l i s ion  based on  some i magi na ry sq u are i n stead 
of actua l  contact with the ta rget . Fu rther, we o n l y  checked fo r the cente r 
of the m i ss i le, and the center may actua l ly m i ss the sp ider  when one of the 
edges h its i t .  U nfa i r ! I f  you have eve r p layed a game wh ich  has s loppy 
co l l i s ion  detect ion (and there a re a b u n c h  of them)  you know how fru st rat
i ng that can be . 

Checki ng across the fu l l  width of the m i ss i l e i s  p retty easy, so we leave 
that to you .  The p rob lem of detect i ng  an actua l  contact is more i nte resti ng .  
To accom p l i s h  that, you wi l l  have to take a PEEK at  H i - Res memory to see 
if the m i ss i l e  is about to move o nto a dot wh ich  is a l ready tu rned o n .  ( I n 
t h i s  exam ple ,  the o n ly dots tu rned o n  a re i n  the ta rget . )  Dea l i ng d i rect ly  
with memory from BAS IC  i s  a lways com p lex, and it gets worse becau se we 
n eed to look at i nd iv id ua l  bits . Type the fo l lowi ng  changes to the ex isti ng 
p rogra m .  

DEL 4� , 7� 

5 GOSUB 1��� : REM CALC Y ADDR . 
515 Q% = M I 7 : R% = M-7 * Q% : R% R% + 1 
536 V% = PEEK ( Y% ( Y ) + Q% ) 
538 FOR I = 7 TO R% STEP -1  
54� P% = 2 A I 
542 IF  V% > P% THEN V% = V%-P% 
544 NEXT I 
546 IF  V% > 2 A I THEN c = 1 
1��� REM 
1�1� REM CALCULATE Y 
1�2� REM COORDINATES 
1�3� REM 
1�4� DIM Y% ( 192 ) 
1�5� FOR I = � TO 184 STEP 8 :  READ SA% 
1�6� FOR J = � TO 7 : Y% ( I  + J )  = SA% + 

J * 1�24 
1�7� NEXT J , I 
1�8� DATA 8192 , 832� , 8448 , 8576 , 

87�4 , 8832 , 896� , 9�88 
1�9� DATA 8232 , 836� , 8488 , 8616 , 

8744 , 8872 , 9��� , 9128 
11�� DATA 8272 , 84�� , 8528 , 8656 ,  

8784 , 8912 , 9�4� , 9168 
111� RETURN 

L i nes 5 and  1 000 to 1 1 00 shou ld  be fam i l ia r  from prev ious  chapters; they 
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set u p  a tab le  wh ich  ass igns  to each l i ne on the screen ((/J- 1 9 1 )  its sta rt i ng  
add ress .  

L ine 5 1 5 d iv ides the X-coord i n ate by 7 to determ i ne wh ich  of the 4(/J 
bytes across the sc reen the m i ss i le  i s  in  (Q% ) ,  and  wh ich  dot in  that byte 
wi l l  be the poi nt of the m i ss i le  (R% ) .  Let' s su ppose that the m i ss i l e  is fi red 
at X-coord i nate 45, so the t ip  is i n  byte n u m ber  6 and  dot n u m ber  3 
(cou nt i ng the  fi rst dot i n  eac h byte as n u m ber  (/)) . As we move the m i ss i le  
u p, we need to check the th i rd dot in  the byte above the  m i ss i le  befo re we 
move . As long as that dot i s  off, then there i s  noth i ng to h it .  I f  that dot i s  
on ,  then  we a re about to  ru n i nto

' 
the ta rget, and  need to  set the co l l i s ion  

f lag. 

I so lat i ng a parti cu la r  dot i s  c l u m sy, but l i nes 3 38-546 do the job. L i ne  
336  sets V% to  the va l u e  o f  the byte you need to  check .  To  u nderstand  
how these l i nes operate, it i s  i n st ructive (though ted ious) to  set V% to, say 
!(/J(/)1 1 1 1 (/J(/J (6(/J) , and  step t h rough those l i nes by hand . H e re we go . 

If the  X-coord i n ate i s  45,  then l i ne 5 1 5 ca lcu lates R% to be th ree (we are 
c heck ing  fo r dot n u m ber  3 i n  the byte) ,  and  then adds 1 to it so R% enters 
the loop at 538 with a va l ue of fou r . Dot n u m ber  3 corresponds  to the 
fou rth b i t  from the r ight, yes the FOU RTH b i t ,  for they a re n u m bered (/), 1 ,  
2 ,  and  3 .  

P %  i s  the va l u e  determ i ned by two to the " I "  power, a n d  that j u st 
happens  to correspond to each d ig it i n  a b i na ry byte . Two to the e ighth i s  
the l eft-most b i t  ( 1 28) ,  two to  the seventh i s  the next b i t  over, and so on .  

Each t ime the loop  i s  executed , i t  effective ly checks one  of  the bits i n  the  
byte and  tu rns  i t  off if it happens  to  be  o n .  Th i s  cont i n ues u nti l the bit 
i nd icated by R% i s  reached . Let' s ru n t h rough the examp le  u s i ng  F igu re 
1 4- 1 . 

I 

7 
6 
5 
4 

3 

P% 

128 
64 
32 
16 

60 
60 
28 
12 

12 = 

Figure 1 4-1 . 

V% 

! 0011 1100 
! 0011 1100 
i 0001 · · 1100 
! 0000 1100 

The fi rst t ime th rough the loop, I = 7, so P% = 1 28 .  L i ne  542 fi nds  the 
com parison ( I F V% > = P%)  fa l se, so it does not su btract anyth i ng from 
V% . The second t ime t h rough ,  P% = 64, sti l l  g reater than  V % ,  so aga i n 
noth i ng happens .  B ut o n  the th i rd ite rat ion ,  I = 5 ,  P% = 32 ,  so P% i s  
su btracted from V% to  reset V% at  ! (/J(/J(/) 1 1 1  (/)(/) .  As  p rom ised , the b i t  was 
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tu rned off. The next t ime th rough ,  when I = 4, the next bit is a l so tu rned 
off. After that the loop i s  ha lted s i nce I has reac hed the va l ue  of R % . 

Therefore, at the end of the loop, V% eq ua l s  1 2 , wh ich  i n  b i na ry i s  ! l/Jl/Jl/Jl/J 
1 1 1/Jl/J .  We were t ry i ng to check the fou rth  bit from the r ight, and we do 
that now wi th  l i ne 546 . The left-over va l u e  of  I i s  th ree, so V% i s  com pared 
agai nst two to the th i rd ,  or e ight .  The o n ly way for V% to be greate r than 
or  eq ua l  to  e ight i s  for the fou rth  b i t  to  be on ,  so the co l l i s ion  fl ag i s  set . 
Whew!  

I P% V% 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 128 52 ! 0(.Hl 0100 
6 64 52 ! 0011 0100 
5 32 20 ! 0001 0100 
4 16 4 ! 0000 0100 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 4 

Figure 1 4-2. 

F igu re 1 4-2 shows the same p roced u re perfo rmed when V% = 52 
where the fou rth bit i s  off. There shou ld  not be a co l l i s ion  i nd icated . I f  you 
fo l low the loop t h rough ,  you wi l l  see that the com par ison at l i ne 546 fa i l s ,  
so the f lag i s  not set . We to ld  you that it wou ld be rather  awkward to 
check s i ng le  bits ! 

One weakness of t h i s  routi ne (as i n  the p rev ious o ne) i s  that it on l y  
chec ks the center  of the m i ss i le, so  i t  i s  poss ib l e  to  contact the ta rget with 
the left o r  r ight s ides and sti l l  not detect a co l l i s ion . Two tr iv ia l  mod ifica
t ions  to the rout i ne  wi l l  cause it to check ac ross the ent i re width of the 
m i ss i le, but agai n we leave them fo r you to d i scover !  

When you ru n th i s  vers ion  of  the p rogram,  you wi l l  notice that a co l l i 
s ion  i s  detected o n ly when the m i ss i l e  actua l ly contacts the ta rget . You wi l l  
a l so not ice that the a n i mation  i s  s lower d u e  to the i nc reased process i ng  
i nvo lved i n  th i s  scheme-you can't  have everyth i ng .  

With a l itt le  effo rt, the BAS I C  code can be st ream l i ned to en hance the 
execut ion ,  but the rea l ga i n  i s  made by writ i ng  th i s  co l l i s ion  detect i n  
mac h i ne code, someth i ng we wi l l  not cover here .  

The contact co l l i s ion  detect i s  fu rther  com p l i cated i f  you have other  
objects o n  the sc reen ,  such  as  c louds ,  where the m i ss i le  i s  req u i red to 
ignore the contact . There a re two com mon ly  u sed ways to hand le  th i s .  

I n  TH RES HOLD, a tab le i s  kept of  the  cu rrent pos it ion  for each ta rget . 
When  any co l l i s ion  i s  flagged, that tab le  i s  sca n ned to see if there i s  a 
ta rget c lose.  I f  so it i s  destroyed, and  if not the co l l i s ion  i s  ignored . One 
i nte resti ng s ide effect i s  that when two TH RES H O L D  targets a re c lose 
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together, the sca n n i ng rout i ne  wi l l  someti mes dec ide that the wrong one 
has  been shot .  

The other  method of  dea l i ng wi th  extraneous objects i s  to  u se both H i 
Res screens .  One screen i s  d i sp l ayed with a l l  the m i ss i les ,  ta rgets and  other  
j u n k  o n  i t ,  wh i le the  other  has on ly the m i ss i les and  ta rgets on  i t ,  and  i s  not 
d i sp layed . The col l i s ion  detect rout i ne  can then c heck the second sc reen 
and n ot even worry about the extra figu res ! I n  some app l i cation s  the extra 
t ime n eeded to p rocess two sc reens is offset by not havi ng to dec ide what 
you ran r nto. 

In Summary . . . .  

That about wraps i t  u p .  Hopefu l ly t h i s  book has shed some  l i ght on  ways 
to make App le  graph ics do what you want them to, and  how many of the  
games  ach ieve the i r  effects . 

So now you have i t-the t r icks of the a n i m at ion t rade .  The ideas p re
sented here a re the most com mon and  effective tec h n iq ues c u rrent ly  u sed 
with the APPLE I I .  P rogram m i ng pe rsona l  com pute rs i s  a c reative and fast
paced sport .  It is l i m ited o n l y  by the  p rogram mer 's  i magi nat ion ,  so we can 
expect that before too long there wi l l  be new, i m p roved m ethods -that' s 
(progra m m i ng) l ife ! H owever, the a n i mation  tec h n iq ues you have l ea rned 
here wi l l  sti l l  be u sefu l ,  and the ski l l s ga i ned wi l l  h e l p  you to u nderstand  
and i m p lement the new approac hes .  

Vocabulary 

Box method 

Co l l i s ion  f lag 

Contact method 

Exercises 

1 .  U se the tab le  wh ich  conta i n s  the app le  shape (from C hapte r 1 l/J) to 
a n i m ate two app les on the sc reen ,  each u nder  contro l  of one of the  
padd les .  ( I f  you do not have padd les, contro l  the  app le ' s  movement 
with the keyboard . )  Write a co l l i s ion  detect rout i ne  u s i ng  e i ther  the 
box or  contact method to dete rm i ne when the  two shapes co l l i de .  

2 .  U se the program from Chapter 1 3  ( L i st i ng  1 3-2) ,  wh ich  moves the 
byte-move l i ne ac ross the sc reen ,  and  d raw the sp ider  s hape i n  its 
path . Write a rout i ne  to s igna l  when they contact . 

3 .  Write a com puter game and  m a ke a m i l l ion  bucks .  



Append ix 1 
Decima l ,  Hex, and 

B i nary 

We are assu m i ng that you have read the d i scuss ion  of b i nary and  hexade
c i m a l  i n  Chapte r 2 ,  and that you have a reasonab le  grasp of that mater i a l .  
I n  t h i s  sect ion  we wi l l  de lve deeper i nto t h e  st ructu re o f  t h e  th ree systems 
of  n u me ratio n  i n  o rder  to  g ive you the  bac kgro u n d  needed to  u ndersta nd 
the  tec h n iq ues needed to t ransfo rm the n u m be rs u sed by you r  App le  I I .  
For  i n sta nce, why i s  the dec i m a l  fo rm of a n  add ress fou nd from the  hex 
fo rm by taki ng 256 t imes the dec i m a l  va l u e  of the h i -byte p l u s  the d ec i m a l  
va l u e  of t h e  lo-byte? A n d  how c a n  anybody say that 384©© i s  eq u iva l e nt to 
-2 7 1 36 ? ? !  A l l  of t h i s  wi l l  be exp la i ned . . .  and  more .  B ut fi rst we a re goi ng to 
acq u i re some bac kgro u n d  wh i ch  sou nds,  and  i s ,  d i stress i ng ly l i ke the  New 
Math . 

Positions, Everyone 

When you were j u st a you ng sprout, you r  teac he rs probably exp la i n ed to 
you the s ign if ica nce of a d i g it' s pos i t ion  with i n  a n u m ber .  F ive does not 
a lways mean five; the five i n  56  i nd i cates fifty, but more prec i se l y, five 
tens .  I n  567, the 5 rep resents five h u nd reds, and i n  5 , 6 78 it rep resents five 
thousands .  The pos i t ion of the d i g it with i n  the n u m ber  is s ign ificant .  F rom 
r ight  to  left, you  have the u n it' s p lace, the  ten ' s  p lace, h u nd red ' s  p l ace, 
and  so fo rt h .  So 5 ,678 can be writte n as 

(5 x 1 ©3) + (6 x 1 ©2) + (7 x 1 ©1 )  + (8 x 1 ©0) 

w h i c h  i s  

(5 x 1 ©©©) + (6 x 1 ©©) + (7 x 1 © )  + (8  x 1 )  

Many of u s  u nfo rtunates spent hou rs of ou r you ng l i ves writ i ng n u m bers 
that way, ca l led "expa nded fo rm ,"  fo r no apparent  reaso n .  

There i s  l i tt le  or  no use i n  wr it i ng  dec i m a l  n u m bers i n  that fo rm, but  you r 
fou rth  grade teac her  (Miss Wh i thersta re, o r  whoeve r) d id you an i nadve r
tent favor by mak i ng you learn it, fo r expanded fo rm is one  way to conve rt 
n u m be rs from othe r  out land i sh  bases, l i ke b i na ry and hex, to dec i m a l .  To 
convert a long  hex n u m ber, l i ke $89AB,  to dec i m a l ,  wr i te it as 

(8 x 1 63) + (9 x 1 62) + (A x 1 6 1 )  + (B x 1 6°) 

165 
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Then convert each hex d ig it to dec ima l  wh i ch  g ives you 

(8 x 4©96) + (9 x 256) + ( 1  © x 1 6) + ( 1 1 x 1 )  = 35243 . 

There i s  a var iat ion on th i s  method wh ich  i s  handy when you a re p rofic ient 
with hex bytes .  When dea l i ng with bytes,  reca l l  from Chapter 2 we men
t ioned that two hex d ig its cou ld be u sed to rep resent one base 256  d ig it .  
Then the add ress g iven by $FF3A can be ca lcu l ated as 

($F F  x 2561) + ($3A x 256°) 
= (255  x 256) + (58 x 1 )  
= 3 5243 

To u se th i s  idea effic ient ly, you m u st know or  be able to q u ick ly  ca l cu l ate 
the va l u e  of n u m bers l i ke $3A - a  ski l l  that comes with p ract ice .  

The expanded fo rm method a l so works when convert i ng  b i na ry to dec i 
ma l ,  but s i nce b i na ry i s  base two, you  get two to  a l l  those powers i n stead 
of s ixtee n .  F rom r ight to l eft i n  b i na ry, the fi rst posit io n  is the  ones (2°) 
p l ace, then the two' s  (2 1 )  p lace, the  fou r' s  (22) p l ace, the e ight' s  (23) p lace, 
and so o n .  Therefore, you may write ! 1 1  ©1 ©1 as 

( 1  x 25) + (1 x 24) + (© x 23) + (1 x 22) 
+ (© x 21) + ( 1  x 2°) 

Or even s i m p le r, s i nce it  is e i ther  one or  zero t imes the p l ace va l u e  

32 + 1 6  + 4 + 1 
= 5 3  

T h i s  was ca l cu l ated by add i ng t h e  p lace va l ues with ones i n  them,  and 
ignori ng the p laces conta i n i ng ze ros . 

Wonderfu l ,  but you a l ready knew how to convert from b i na ry and  hex 
to dec i m a l .  These ideas wi l l  he l p  you to become more fam i l i a r  with what 
you a re doi ng, and make you faste r and  more f lex ib le  i n  you r convers ions .  
Conve rt i ng  to  dec ima l  i s  fa i r ly  st ra ightfo rward , but  u nfo rtu nate ly the same 
i s  not t rue of  converti ng from dec i m a l  to  b i na ry o r  hex.  

Decimal ta Binary 

When converti ng to b i na ry, you can sta rt by fi n d i n g  the  h ighest power of 
two wh ich  wi l l  go i nto the dec ima l  n u m ber- if you can get you r  hands  o n  
a ca lcu lato r, now wou ld  b e  a good t ime  t o  do  s o .  Let' s take 42 1 a s  a n  
examp le  t o  convert :  29 (5 1 2) i s  too l a rge t o  d iv ide b y  42 1 ,  b u t  28 = 256 (a 
n u m ber  to know i n  com put i ng) ,  and  256 wi l l  d iv ide 42 1 ,  a l beit with a 
remai nder  of 1 65 (42 1 -256) ,  so we have a 1 i n  the  28 p l ace wh ich  wi l l  be 
o n  the left end  of ou r b i na ry n u m ber .  The next lowest power of two is 1 28,  
wh i ch  d iv ides 1 65 leavi ng  a rema inde r  of 37 .  So fa r ou r b i na ry n u m ber  i s  
1 1  xxxxxxx . D roppi ng  to  the  next power of  two (64) we see that it wi l l  not 
d iv ide the p resent rema inder  (3 7) so we put a zero i n  the  next p l ace i n  o u r  
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n u m ber  ( 1 1 0xxxxxx) . 32 wi l l  d iv ide 37 to y ie ld  a 1 i n  the next p l ace 
( 1 1 0 1 xxxxx) and a new rema inde r  of 5. 1 6  and 8 both fa i l  to d iv ide the 5, 
so we p lace two more ze ros ( 1 1 0 1 00xxx) . 4 d iv ides the 5 ,  2 fa i l s  to d iv ide 
the rema i nder  ( 1  ) ,  and  we a re l eft with a 1 .  So the last th ree d igits a re 1 0 1 ,  
to g ive u s  the b i na ry eq u iva lent of 42 1 as ! 1 1 0 1 001 0 1 .  The a lgor it h m  i s  
ted ious ,  b u t  s i m p le- a good cand idate for a com p uter p rogram ! 

REM EM BER :  When conve rt i ng  dec i m a l  to b i na ry, d iv ide by the l a rgest 
poss ib le  power of two to form the q u ot ient and  rema i nder  (no dec ima l  
po i nts ! ) .  Take t he  remai nder  o f  the  fi rst d iv i s ion  and  attem pt to  d iv ide  i t  by 
the  next lower power of two, and  so on ,  atte m pti ng  to d iv ide each rema in 
de r  by  the next power of  two u nt i l  you  reach a d iv i s ion  by  1 .  Any success
fu I d i v i s i o n  g i v e s  y o u  a 1 i n  t h e  c o r re s po n d i n g p l ac e ,  w h i l e  a n  
u nsuccessfu l d iv i s ion  y ie lds  a 0 i n  that p lace . 

Decimal to Hex 

Convert i ng  dec ima l  to hex fo l lows the same genera l  out l i ne as dec i m a l  to 
b i na ry, but it is com p l i cated by havi ng s ixteen poss ib l e  va l u es for each 
d igit i n stead of two as i n  b i na ry .  When you were d iv id i ng by powers of 
two, each power of two went i nto you r  n u m ber  e i ther  once, to give you a 
1 ,  o r  not at a l l ,  wh ich  g ives you a 0 .  I f  you r  power d iv ided the n u m be r  
more t h a n  once (two or  more) , t h e n  you knew that you shou l d  have been 
d iv id i ng by a h igher  power_ of two . 

The u nfo rtu nate who converts dec ima l  to hex fi nds  h i m se l f  o r  herse l f  
d iv id i n g  by powers of  s ixteen ( 1 , 1 6, 256,  4096) , and  a power of  s ixteen 
m ay d iv ide the n u m ber  anywhere from ze ro to fifteen t i mes !  For exam p le ,  
l et' s convert 1 0 1 9  to hex .  

256  i s  the l a rgest power of  s ixteen which wi l l  d iv ide 1 0 1 9, and  when  you 
perform that d iv i s ion  on  you r ca lcu l ator, the answer i s  3 . 9804 and  so on ,  
so 256 goes i nto 1 0 1 9  th ree t i mes w i th  someth i ng rema i n i ng .  That means 
you put a 3 i n  the 256 ' s  p lace (What 256 ' s  p lace ? ! ) .  S i nce th i s  i s  the  fi rst 
d iv i s ion ,  the 3 is on the left end of the hex n u m ber, and  now you n eed to 
know the rema inder  of the d iv i s io n .  To fi nd  that (s i nce you r  ca lcu l ator i s  
g ross ly  i n accu rate and  tru ncates afte r ten o r  fifteen dec ima l  p l aces) , m u lt i 
p ly th ree by 256 and  su btract the resu lt f rom 1 0 1 9  ( 1 0 1 9 - 3x256) ,  to get 
2 5 1 . 

Now d iv ide 2 5 1  by the next power of 1 6  (wh ich  happens to be 1 6  i tse lf) ,  
and  you r  ca lcu l ator wi l l  d i sp lay a fifteen ,  a dec i m a l  poi nt, and garbage . 
The fifteen i nd icates that you have an  " F" (the hex eq u iva lent of 1 5) i n  the  
next p l ace of  you r hex n u m ber, wh ich  so fa r looks l i ke $ 3 F, a n d  the  
d ec ima l  po i nt ga rbage means that you m u st ca lcu l ate a new remai nder  by 
m u lt ip ly i ng  s ixteen t i mes " F" ( 1 5 ) ,  and  s u bt ract i ng  from 251  (25 1 - 15 x 
1 6) to get 1 1 .  Therefore, the l ast d igit of the hex n u m ber  i s  " B" (the  hex 
eq u iva lent of e leven ,  s i l l y ! ) ,  so the ent i re n u m ber  i s  $3 F B .  Sti l l  a l itt l e  hazy, 
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you say? I t  takes some p ract ice before you wi l l  be comfo rtab le  with hex, 
u n less you were born with s ixteen fi ngers !  

Let' s conve rt 4 1 1 4 1 to hex.  4©96 ( 1 63) i s  the la rgest power to d iv ide 
4 1 1 41 , and it does so ten t imes with a rema i nder, so the l eft-most d ig it wi l l  
be $A (hex for 1 ©) . Cal  c u  lat i n g  the rema i nder  (4 1 1 4 1 - 1 © x 4©96) g ives 
you 1 8 1 .  The next power of s ixteen ( 1 62 o r  256) wi l l  not d iv ide  1 8 1 at a l l ,  
s o  p u t  a zero i ri  t h e  p lace fo l lowi ng t h e  "A" a n d  get $A© . D iv i d i n g  1 8 1 by 
1 6  gives 1 1  with a remai nder  of 5, so the l ast two d i g its a re " B "  and  5, and  
the  ent i re n u m ber i s  $A©B 5 .  TA DA! !  

In a Nutshell: 

To convert a deci ma l  n u m ber  to hex, d iv ide the dec i m a l  n u m ber  by suc
cessive ly  sma l le r  powers of s ixteen ,  each t ime u s i ng  the  q u ot ient as the 
hex d ig it, and the remai nder  as the dec i m a l  n u m ber  fo r the next d iv i s ion . 

There i s  an  a l ternate method wh i ch  u ses hex to he lp  conve rt l a rge ug ly  
d ec ima l  n u m bers to la rge ug ly b i na ry n u m bers and  v ice ve rsa . Take 65385 
fo r a samp le .  Sta rt by converti ng to hex as we showed you ea r l i e r :  

65385  = ( 1 5 x 4©96) + ( 1 5 x 2 56) + (6  x 1 6) + (9  x 1 )  
= $ F F66 

Do not take ou r word fo r i t-try it you rse lf! The next step is to convert 
each of the fou r  hexadet ima l  d ig its to b i na ry u s i ng  the cha rt we gave you 
i n  Chapter 2: $F  = ! 1 1 1 1 , $6 = © 1 1 ©, and $9 = ! 1 ©© 1 . Armed with th i s  
i nformat ion you  can  write the ent i re n u m ber  i n  b i na ry :  65385  = $ F F69 = 

! 1 1 1 1  1 1 1 1 © 1 1 © 1 ©© 1 . Us i ng  hex as an  i nte rmed iate step saves you from 
hav ing  to ca lcu late the h i ghest power of two wh ich  goes i nto 65385 . 
(Tu rns out to be 2 1 5  o r  32 768 ! )  

To convert a la rge b ina ry n u m ber  (say ! 1 ©© 1  © 1 1 ©  ©©©© ©©©©) to dec ima l  
we  u se t he  same  scheme i n  reve rse . That b i na ry n u m be r  i s  $96©© i n  hex, 
wh i ch  in tu rn i s  (9 x 4©96) + (6 x 256) + (© x 1 6) + (© x 1 )  = 384©© . 

Adding and Subtracting Hex 

When worki ng with the com puter' s memory, you wi l l  at some poi nt or  
other  be forced to  add a nd/or  su btract add resses . An  examp le  i s  g iven  i n  
t h e  d i sc uss ion  of shape tab les where i t  i s  s uggested that you m ight load 
m u lt ip le  tab les i nto memory consecut ively,  and then  p l ace the H IM EM 
bou ndary be low them i n  o rder  to protect the tab les from the mac h i nat ions  
of APPLESOFT. Do not pan i c  if you  do  not know about s hape tab les yet . 
For  th i s  app l i cat ion j u st th i n k  of a s hape tab le  as a bunch  of bytes that you 
want to load i nto memory .  

Let' s s u ppose that you have two tab les to  load ,  one  $876 bytes long and 
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the other  $5A7 bytes .  You wi l l  fi rst add the two lengths  together, and then  
su btract the tota l from the H IM EM va l ue- $9600 if you have 48K and  
DOS . 

There a re seve ra l methods u sed to perfo rm the ca lcu l ations .  The way 
m ost of us began was to convert a l l  the n u m bers to dec i ma l ,  perform the 
add it ion  and/o r  s ubt ract ion ,  and then  convert to hex agai n - a  safe, though 
t ime-consu m i ng approac h .  The other  extreme i s  to d o  the enti re operat ion  
in  hex, and  very few peop le  can actua l ly carry that off. The tec h n iq u e  we 
wi l l  demonstrate leaves the n u m bers i n  hex, but you menta l ly convert 
each of the d i g its as you go . Write the two n u m bers to be added so that 
one  i s  atop the other, as below. 

$876 
+ $5A7 

A 

Figure A1-1 . 

$876 
$5A7 
$E1 D 

B 

You begi n ,  as u sua l ,  from the r ight and  add 6 and  7 to get th i rtee n .  M i ss 
W h ithersta re to ld  you that th i rteen was "th ree carry one" , but (aha ! ! )  you 
a re worki ng i n  hex, so th i rteen is written as " D" and  there is no carry .  Add 
the next two d igits, 7 and "A" to get seventeen .  Seventeen i s  one m o re 
than  the magic n u m ber  for hex (s ixteen ) ,  so you write d own the " 1 " and 
car ry the s ixteen ove r to the next co l u m n  as a one  (See F igu re A 1 - 1 B ) .  I f  
that sou nds  strange, remember  how you hand le  7 + 4 in  dec i ma l :  the s u m  
i s  e leven (ten p l u s  one) , s o  you write t h e  one down and ca rry t h e  ten ove r 
as a one i n  the next co l u m n !  

I n  base ten you carry tens  to the next co l u m n , a n d  i n  base s ixteen (hex) 
you carry s ixteens .  

We a re down to add i ng the l ast co l u m n , i n  wh ich  you add the 8, the  5,  
and the 1 from the carry, and get fou rteen  wh ich  i s  $E .  Th is  g ives you 
$ E 1  D as the combi ned length of the two tab les .  You a re do ing  ve ry we l l  so 
fa r .  

Do not get too confident though ,  you sti l l  need to su btract that amount 
from H IM EM ($9600) to fi nd the new va l u e  to use .  

The fi rst s u btract ion p i t s  Ill aga i n st "D" ,  and you h ave the age-o ld  prob lem 
of  borrowi ng, but in  hex you borrow s ixteens  i n stead of  tens .  I f  you at
tended pub l i c  e lementary school  after 1 959 you a re p robab ly  u sed to 
borrowi ng ac ross the top, but if you do it d iffe re nt ly, bear with u s -the 
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$9600 
5 F 1 6  

$9g00 
- $0E1 0 - $0E1 0 

$ E3 

A B 

Figure A1-2. 

8 2 1  
B F 1 6  

$�f5fl1fl1 
OE1 0 

$87 E3 

c 

idea i s  the same.  You borrow one from the 6 and  tu rn it i nto s ixteen i n  the 
next co l u m n  to the r ight, wh i le  the 6 becomes a 5 .  You then  borrow one 
from the s ixteen ,  wh ich  becomes a fifteen ($ F) ,  and  the borrowed one  
becomes s ixteen i n  the r ight-most co l u m n -Arrgh ! (See F igu re A 1 -2 8 . )  

N ow that the p re l i m i nar ies a re over, we begi n the su btract ion  i n  earnest 
with the r ight hand co l u m n :  s ixteen su btract "D" (th i rteen)  is t h ree .  The 
next co l u m n  shows F (fi fteen)  su btract 1 ,  wh ich g ives E (fou rteen)  as that 
resu l t .  The next co l u m n  aga i n  req u i res a borrow, so borrow one  from the 
9 ,  mak ing it 8, and  add s ixteen to the five to get 21  (deci m a l ! ) ,  as in  F igu re 
A 1 -3C .  Now you can ca lcu late twenty-one  l ess "E"  (fou rteen )  to get 7, the 
e ight carr ies down,  and so the fi na l  res u lt i s  $87E3 . I f  you got a d iffe rent 
answer, stay afte r c lass and c lean the erasers !  

Let' s try s u btract i ng  $ 4 D  from $ 3 A 7  fo r p ract ice .  Aga i n  the n u m bers a re 
l i ned u p, and  you q u ick ly  see that a borrow i s  go i ng to be needed (d rat ! ) .  

$3A7 
- $40 

9 2 3  
$3)(7 

- $40 
$35A 

Figure A1 -3. 

Borrowing  hex one from the A leaves it a n i ne,  and  carr ies a dec i m a l  
s ixteen over to t h e  seven to get dec ima l  twenty-th ree . Twenty-th ree m i n u s  
D ( 1 3)  i s  A ( 1 0) .  Then you take fou r  from n i ne to get five, a n d  carry the 
t h ree down . The fi na l  answer i s  $35A.  

Adding and Subtracting Binary 

H avi ng  to perform b ina ry a rith met ic i s  a cu rse that often befa l l s  p rogram
mers,  even though the mac h i ne i s  s upposed to  do a l l  the work.  When 
faced wi th  th i s  proposit ion ,  you shou ld  keep in  m i nd that zero and one  a re 
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the on ly ava i l ab le  d igits, and  that a b i na ry two is wr itten as 1([), and b i nary 
th ree i s  1 1 .  Why a re those i m po rtant? We wi l l  demonstrate by add i ng 
!©© 1 1 © 1 1 © to !©©© 1 1 1([) 1 .  

-
1 ' 1 1 1 

! 001 1 01 1 0  
+ ! 0001 1 1 01  

! 01 01  001 1 

Figure A 1 -4. 

Begi n n i ng at the right s ide,  the fi rst co l u m n  is © + 1 wh ich  gives you 1 .  
You shou ld  a l so get a one i n  the second  co l u m n  without too m uc h  
t roub l e-so fa r, s o  good . T h e  th i rd co l u m n  gets more com p lex a s  you have 
1 + 1 .  Any norma l  second-grade r  can te l l  you that 1 + 1 = 2, but 
p rogra m mers shou l d  make no p retense at norma lcy.  As we ment ioned 
a bove, two i s  written as 1 ([)  (one-zero, not ten ! ) ,  wh i ch  puts the zero in the 
an swer and carr ies the one to the next co l u m n .  I nc l u d i ng the carry, that 
n ext co l u m n  now req u i res you to add 1 + © + 1 ,  wh i ch  aga i n  gives 1 ©  
(write down the zero and carry the one) . The one  i s  carr ied over to the 
f ifth co l u m n  where you now have 1 + 1 + 1 wh i ch  y ie lds  th ree ( 1 1 ) .  Fo r 
that, you m u st wr ite down a one and  carry a one to the next co l u m n  
wh i ch  then looks l i ke 1 + 1 + © ,  a n d  req u i res you to write down a zero 
and  carry a one ( 1  ©) . Then the seventh co l u m n  i s  1 + © + © wh ich  i s  a 
one  (and no carry) and  the l ast co l u m n  i s  © + © wh ich  i s  zero. That g ives 
us a res u lt of ! © 1 © 1  ©© 1 1 .  WOW! 

F igu re A 1 -5 shows another  examp le  of add i ng b i na ry, t h i s  t i m� with a 
carry off the e n d .  

1 '*' 1 1 1 1 '*'  8 ! 1 01 0  1 1 00 
+ ! 1 1 1 0 1 0 1 0  

BIT 
BUCKET ! 1 001 01 1 0  

Figure A1 -5. 

The fi rst co l u m n  ( r ight-most) g ives zero, and  both of the next two 
co l u m ns g ive ones .  See how s imp le  l i fe is without a carry?  The fou rth  
col u m n  g ives zero, carry one,  and  the fifth then gives one with  no  carry .  
T h i ngs warm u p  a l itt le  with the s ixth co l u m n  wh ich  gives zero, and carr ies 
one to the seventh . That co l u m n  then a l so g ives zero and carr ies o n  to the 
e ighth co l u m n .  This makes the e ighth  addit ion 1 + 1 + 1 wh ich  i nevitab ly  
g ives 1 1  - write down one and carry one .  S i nce a byte i s  o n ly e ight bits 
l ong, the bit you t ry to carry to the n i nth co l u m n  fa l l s i nto the bit bucket 
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and  is ignored . For any of you i nte rested i n  mac h i ne- level p rogram m i ng, 
when a bit i s  carr ied off the end of a n  add it ion ,  the processor sets a s igna l  
bit, ca l led the carry flag, with i n  the status  regi ste r .  That s igna l s  (to anybody 
who knows where to look) that the latest operat ion had to d u m p  a carry 
i nto the  bucket. 

Subtraction 

Figu re A 1 -6 shows an  exam ple of b i na ry su btract ion . 

! 001 1 01 1 1  
! 001 0 01 01  
! 0001 001 0 

Figure A1-6. 

Aga i n  you work from r ight to left, and you shou ld  have no  p rob lem 
a rr iv i ng  at  the resu lt .  Th i s  sam ple was ca refu l ly constructed so that you 
cou ld  su btract without havi ng to fidd l e  a rou nd wi th  borrowi ng, not be
cause of coward ice, but becau se you never rea l l y  have to worry about 
borrowi ng in b inary .  The fact i s ,  you r  com puter never su btracts, so why 
shou ld  you ?  I n stead of s u btract i ng  a n u m ber, the a rith met ic u n it of you r  
m ac h i ne a lways A D DS a t h i ng ca l led the "two's  complement ."  

Two1s Complement 

Form i ng the two' s com p lement of a b i na ry n u m ber  takes two steps :  fi rst 
c h ange a l l  the  ones to zeros, and  a l l  the zeros to ones ,  and  second ,  add 
one to the res u lt .  To form the two's  com p lement of !({)(1') 1 0 (/) 1 0 1 , you fi rst 
tu rn it i nto ! 1 1 (/) 1 1 (/) 1 (/)  and  then  add 1 to get ! 1 1 (/) 1 1 0 1 1 .  N ow we can 
repeat the examp le  from F igu re A 1 -6 u s i ng  add it ion ,  but i n stead of s u b
t racti ng  !(/')(/') 1 (/') (/)1 (/) 1 , you wi l l  add its two's  com p lement, ! 1 1 (/) 1 1 (/) 1 1 .  

1 � 
8 ! 001 1 

+ ! 1 1 01 
! 0001 

0 1 1 1  
1 01 1 
001 0  

Figure A1 -7 . 

The add it ion  is shown i n  F igu re A 1 -7, and  i s  fa i r ly  st ra ightfo rward . The 
answer comes out the same as before, except fo r the carry f rom the last 
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co l u m n  wh ich  fa l l s i nto the bit bucket that i s  ignored anyway. Th i s  i s  why 
the two's  com p lement can be u sed as if it were a negative n u m ber, when 
it  rea l ly i s  not. 

I f  you add any n u m ber  to its correspond i ng negative va l u e  (five p l u s  
negative five) you wi l l  a lways get zero .  The  same  t h i n g  happens  when  you 
add any b i na ry n u m ber  to its two's  com p lement . . .  a l m ost . Try add i n g  

! (3(31(3 (31(31 

and its com p lement :  

! 11(31 1(311 

You wi l l  get a l l  zeros, except for the fi na l  carry wh ich  fa l l s  i nto the bucket . 
So we a lways expect that carry, and  ignore it when it occu rs .  

F igu re A 1 -8 shows another  sam p le  of  s u bt ract ion  u s i ng  two's  com p le
ment.  

1 � 
! 1 01 1 001 1 8 ! 1 01 1  001 1 
! 01 1 0  1 1 00 - ! 1 001 001 1 - + ! 1 001 01 00 

! 01 00 01 1 1  

Figure A1 -8. 

N otice that it is a lways the n u m ber  be i ng su btracted wh ich  is changed to 
its two's  com p lement form . !© 1 1 ©  1 1 ©© i s  changed to ! 1 ©© 1  ©© 1 1 ,  and then 
a 1 i s  added to get ! 1 ©© 1  © 1 ©© . Th is  n u m ber  i s  then  added to ! 1 © 1 1 ©©1 1 
to get ! © 1  ©© © 1 1 1 , and  as usua l  we ignore the bit i n  the bucket . 

Negative Addresses 

The two's  com p lement essenti a l l y  changes a n u m be r  to its negative eq u iv
a lent, so i n stead of s u btract ing  a n u m ber  you end u p  add i ng its negative. 
I n  a dec ima l  sett i ng you can th i n k  of it as c hang i ng  the subtract ion 9 - 3  
i nto the add i t ion 9 + (-3) a n d  the resu lt i s  s ix  i n  e i ther  case. 

The same idea lets some add resses be written i n  negative fo rm for con
ven ience .  When you wish to enter Mon ito r from BAS I C  you CAL L  the 
add ress - 1 5 1 . The true add ress for the Mon itor entry po i nt i s  65385,  and 
- 1 5 1  i s  the two's  com p lement of that add ress .  I f  you convert 1 5 1 to its two
byte b i na ry fo rm ( !©©©© ©©©© 1 ©© 1  © 1 1 1 ) and  take the two's com p lement 
(to accou nt fo r the negative) you get ! 1 1 1 1  1 1_1 1 © 1 1 ©  1 ©© 1 . The not-so
q u ic k  convers ion  to deci ma l  resu lts i n  the expected va l u e  of 65385 . You 
m u st ad m it that - 1 5 1  i s  m uch  eas ie r  to remember  that 65 385 . 

Another  reason fo r u s i ng  the two' s com p lement, or negative, fo rm for 
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some of the add resses i s  that the o rig i na l  l anguage tor the App le  11, I ntege r 
BAS I C, was i ncapab le  of hand l i ng a n u m ber  greater than  3 2 767 .  Th i s  
m eant that i n  order  to  CALL  the 65385  add ress, you had  to  refer to  its 
two's com p lement, - 1 5 1 . 

You can convert any add ress to its negative eq u iva lent  by e i ther  s u b
t racti ng  65536 from the add ress (the  easy way) o r  by form i ng its two's  
com p lement (the hard way) . 

At t h i s  po i nt you have p robab ly  learned more than  you ever wanted to 
know about the hex and b ina ry systems,  but you have rea l ly j u st sc ratc hed 
the su rface. There a re seve ra l i nte rest i ng  t ies between the top ics  we cov
e red he re and the fu ndamental a l gor it hms  u sed by a com p ute r .  Fo r exam
p le, a com puter actua l ly  f igu res the sum of  two n u m be rs by com par i ng 
correspond i ng b its  and u s i ng the  logica l ope rat ions  "AN D" and " EO R" 

(desc ri bed i n  the text) . Pu rsu i ng these topics wou ld  take u s  beyond the 
scope of th i s  text, but that i nfo rmation  may be fou nd in  a book on  Boo lean 
log ic .  
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Table A2-2. ASC I I  Character Codes. 
DEC is  ASC I I  dec i m a l  code 
H EX is  ASC I I  hexadec ima l  code 
CHAR i s  ASC I I  character name 
n/a = not accessi b le  d i rectly from the APPLE I I keyboard 

DEC H EX CHAR WHAT TO TYPE DEC H EX CHAR WHAT TO TYPE 

l/J l/Jl/J N U LL ctrl @ 48 31/J l/J l/J 
1 l/J l  SOH ctrl A 49 3 1  1 1 
2 l/J2 STX ctrl B Sl/J 32 2 2 
3 l/J3 ETX ctrl C S l  3 3  3 3 
4 l/J4 ET ctrl D S2 34 4 4 
s I/JS ENQ ctrl E S3 3S  s s 
6 l/J6 ACK ctrl F S4 36 6 6 
7 l/J7 BEL ctr l  G SS  3 7  7 7 
8 l/J8 BS ctrl H or - S 6  38 8 8 
9 l/J9 HT ctrl I S7  39 9 9 

11/J l/JA L F  ctrl J S8 3A 
1 1  l/JB  VT ctrl K S9 3 B  
1 2  I/JC FF ctrl L 61/J 3C < < 
1 3  I/J D  CR ctrl M or RETURN 6 1  3 0  
1 4  l/JE  so ct r l  N 62 3 E  > > 
1 S  l/JF S I  ctr l  0 63 3 F  
1 6  1 0  OLE  ctrl P 64 40 @ @ 
1 7  1 1  DC 1 ctrl Q 6S 41  A A 
1 8  1 2  DC2 ctrl R 66 42 B B 
1 9  1 3  DC3 ctrl S 67 43 c c 
20 1 4  DC4 ctrl T 68 44 D D 
2 1  1 S  NAK ctrl U or - 69 4S E E 
22 1 6  SYN ctrl V 70 46 F F 
23  1 7  ETB ctrl W 71  47 G G 
24 1 8  CAN ctrl X 72 48 H H 
2 S  1 9  EM ctrl  Y 73 49 I I 
26  1 A  S U B  ctrl Z 74 4A J J 
2 7  1 B  ESCAPE ESC 7S 4B K K 
28 1 C  FS n/a 76 4C L L 
29 1 D  GS ct r l  sh i ft-M 77 40 M M 
30  1 E  RS ctrl ' 78 4E N N 
3 1  1 F  us n/a 79 4F 0 0 
32 20 SPACE space 80 S0 p p 
3 3  2 1  ! 8 1  S l  Q Q 
34 22 II 82 S2 R R 
3 S  2 3  # # 83 S3 s s 
36  24  $ $ 84 S4 T T 
3 7  2 S  % % 8S SS u u 
38 26 & & 86 S6 v v 
39  2 7  87 S7  w w 
40 28 88 S8 x x 
4 1  2 9  89 S9 y y 
42 2A 90 SA z z 
43 2B + + 9 1  S B  [ n/a 
44 2C 92 SC " n/a 
4S 2 0  93 S D  l ] ( sh i ft-M) 
46 2 E  94 S E  
4 7  2 F  9 S  S F  n/a 

(Used with permission of Apple Computer Corporation) 
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Memory Maps 

Memory Map of a 48K Apple II 

Function 
APPLE MONITOR 

APPLESOFT 

RESERVED 

l/O DECODE 

DOS 

UNUSED 

HI· R ES PAGE 2 

HI· R ES PAGE I 
U N USED 

T E XT/LO·RES PAGE 2 

TE XT/LO · R ES PAGE I 

DOS VECTORS 

UNU SED 

TEXT INPUT B UFFER 

6502 STACK 

Z ERO PAGE 

Figure A3-1 . 
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Address 

$FSOO·SFFFF 

$EOOO·$F7FF 

SD000·SDFFF 

SCOOO·SCFFF 

$9600·$BFFF 

$6000·$95FF 

S4000·$5FFF 

S2000·$3FFF 

SC00·$1 FFF 
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A D D RESS.  A part i c u l a r  n u m be r  t h at c o r res p o n d s  to eac h byte of m e m 
o ry .  

AN IMAT E .  To m a ke a n  o bj ect see m a l ive,  to  c a u se i t  to m ove a bo u t .  

ASC I I .  A m e ri c a n  Sta n d a rd C o d e  fo r I nfo r m at i o n  I nte rc h a nge;  a l l  t h e  
n u m be rs a n d  l ette rs u sed o n  a co m p ute r a re ass i g n ed n u m e r i c  va l u e s .  
S e e  page 1 38 o f  t h e  A PPL ESOFT Reference Man ual.  

B I NARY.  A syste m of n u m e rat i o n  havi n g  o n l y two c h a racte rs, (/) and 1 .  
A n y  n u m be r  m ay be rep resented u s i n g  m u lt i p l e  d i g its . Fo r exa m p l e ,  
d ec i m a l  3 i s  b i n a ry 1 1  a n d  d ec i m a l  5 i s  b i na ry 1 0 1 .  B i n a ry fi les  a re fi l es  
sto red in  b i n a ry fo rm . 

BIT .  T h e  fu n d a m e nta l u n it of m e m o ry i n  a c o m p ute r .  A b i t  can  be i n  o n e  
o f  two states - a  h i g h  o r  l ow vo ltage . I t  i s  n o r m a l l y  re p rese nted a s  e i th e r  
1 o r  0 .  

B LOAD .  T h e  co m m a n d  t o  load a b i n a ry fi l e  fro m d i s k  o r  tape.  

BOX M E T H O D .  A m ethod of detect i n g  c o l l i s i o n s  w h e re you c o n s i d e r  
a n y  s h a pe ente r i n g  a reg i o n  a ro u n d  t h e  ta rget defi n ed b y  a ra n ge o f  X
coord i n ates,  a n d  a ra nge of Y-coo rd i n ates,  to c o l l i d e  with  a ta rget . 

BSAV E .  T h e  com m a n d  u sed to save a b i n a ry fi l e  o n  d i s k  o r  tape . 

B U F F E R.  A te m po ra ry sto rage a rea .  

BYT E .  A u n it of i nfo r m at i o n  in  m e m o ry m ad e  up of e i g ht b i t s .  Fo r exa m 
p l e, i n  b i n a ry, 1 1  (/) 1  0 1 1 1 ; i n  hexadec i m a l  B 7 .  A byte m a y  conta i n  a n y  
va l u e  betwee n (/) a n d  2 5 5  dec i m a l ,  i n c l u s ive .  

BYT E-MOV E .  A n  a n i m at i o n  tec h n i q u e  in  w h i c h  t h e  d i g i t i zed s h ape i s  
sto red in  m e m o ry a n d  then m oved i nto H i - Res m e m o ry fo r d i s p l ay .  

CA L L .  A B A S I C  state m e nt s i m i l a r  to G O S U B ,  e x c e pt i t  exe c u tes a 
m ac h i ne- leve l  ro ut i n e  as o p posed to a BAS I C  ro ut i n e .  

C LASH I NG .  T h e  res u lt o f  t ry i n g  t o  p l ot c o l o rs fro m d i ffe re nt  c o l o r  g rou ps  
toget h e r  in  t h e  s a m e  byte of  m e m o ry .  T h e  res u lts of c l as h i n g a re u n p re
d i cta b l e  c o l o rs .  

CO L L I S I O N .  I n  a n i m at i o n ,  w h e n  o n e  s h a pe ru n s  i nto a n ot h e r .  

CO L L I S I O N  F LAG . A va l u e  w h i c h  i s  set b y  yo u r  ro ut i ne  to s i g n a l  that a 
co l l i s i o n  has  occ u rred . 

COLOR B I T .  T h e  h i g h -order  ( l eft- m o st) b i t  i n  a byte of t h e  H i - Res sc ree n 
m e m o ry .  T h e  c o l o r  b i t  dete r m i nes  to w h i c h  of t h e  two c o l o r  g ro u ps t h e  
byte be l o n gs to . 

1 8 1  
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CO LO R G ROU P.  Bytes d i sp layed on the H i -Res sc reen be long  to one  of 
two co lor  gro u ps .  Bytes i n  g ro u p  1 m ay d i sp lay d ots wh i ch  a re b lac k, 
w h ite, g reen ,  o r  v io let; bytes i n  g ro u p  2 may d i sp lay b lac k, wh ite, b l u e, 
o r  o range.  

CO LUMN ADDRESS.  The
-
port ion  of the add ress of a byte o n  the graph

ics  sc reen wh ich  m u st be dete rm i ned by that byte' s posit ion  ac ross the 
sc reen .  

CO NTACT METHOD. A method for detecti ng co l l i s ions  o n ly w h e n  o n e  
shape actua l ly  contacts another, a s  opposed t o  t h e  Box Method . 

COO RDI NATES, X and Y. The X-coord i n ate i nd i cates a hor izonta l  pos i 
t ion ,  and the Y-coord i nate i nd i cates a ve rt ica l  posit io n .  

DECIMAL.  The norm a l  system of n u merat ion  w h i c h  u ses ten d ig its, (/) 
th rough 9 .  

DIG ITIZE . To c reate a ser ies o f  data va l ues fo r a figu re o r  other  non
n u mer ic  item .  

DITH E RI NG .  A tech n iq u e  wh ich  p laces severa l  o f  the the s i x  e lementary 
App le  H i -Res co lors i n  a patte rn so it p rod uces non-standard co lors .  

DOS. An acronym fo r disk operating system, the contro l l i ng p rograms  
that make you r  d i sks behave proper ly ( u sua l ly) . 

DRAW. A n  APPLESOFT com mand wh i ch  d raws a shape o n  the H i -Res 
sc reen .  

E D ITOR. A program to  s i m p l ify c reat i ng, a l ter i ng, a n d  savi ng e i ther  text 
or g raph ics .  

EXCLUSIVE OR (EOR) .  A Boolea n (b i na ry) ope ration  which com pares 
two bits and  resu lts i n  an ON state if e i ther  of the com pared bits a re O N  
b u t  not if both a re O N . 

EXEC.  A DOS com mand wh ich  causes the com pute r  to p rocess the con
tents of  a text fi le  i n  the same way it u sua l ly  hand les keyboard i n put .  

FLICKE R. F lash  on  and  off q u ick ly .  F l i cke r  i s  the bane  of a n i m at ion p ro
gra m mers .  

FU L L-SCRE E N  G RA P H ICS. T h e  graph ics sc reens  without fou r  l i nes of 
text at the bottom .  

H EX o r  H EXADEC IMAL.  Referr i ng to hexadec ima l ;  a system of n u mera
t ion  u s i ng  1 6  d iffe rent characters for d i gits : (/) th rough  9 and  A t h rough  F .  
H ex n u m bers a re conventiona l l y  p receded by a "$" to  d iffe rent iate 
them from other  types of n u m be rs .  $A is dec i m a l  1 f/J, $ B  is dec i m a l  1 1 , 
and  so forth . 

H IMEM. The va l u e  wh ich  represents the  top of user-ava i l ab le  memory .  
The APPLESOFT var iab les u se H IM EM as a sta rt i ng  poi nt .  
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H I-RES.  H igh Reso l ut ion graph ics .  I n  H i -Res g raph ics ,  a l l  objects d i s
p layed a re made u p  of a n u m ber  of sma l l dots on the scree n .  

H I-RES PAG ES.  T h e  a rea i n  memory w h i c h  may b e  d i sp layed a s  p ictu res 
on the v ideo output .  

H I-RES ROUT I N E .  A program des igned to m a n i pu late the contents of 
the H i -Res pages of the App le memory .  

H I-ORD E R BYT E .  I n  an  add ress, t h e  m ost s ign ificant ( left-most) byte . For 
exam ple ,  in the hex add ress $A3©F, A3 i s  the h i -order  byte ( h i -byte) . 

H U N .  A BAS IC  com mand used to d raw a ho r izonta l  l i ne i n  Low-Res .  

LO- BYTE/H I-BYTE .  T h e  form A p p l e  u ses for hex add resses; t h e  low
o rder  byte comes before the h i -o rder  byte . 

LOW-RES.  A graph ics mode of the App le  I I  where the video output i s  a 
n u m ber  of sma l l  co lored b locks .  

LOW-O RDE R BYT E .  I n  a n  add ress, the  least s ign ificant ( r ight-most) byte . 
For exam ple ,  i n  the hex add ress $A3©F, ©F  i s  the l ow-orde r  byte ( lo
byte) . 

M EMORY. Data storage a rea with i n  the com p ute r .  

M EMO RY MA P. A d i agram of the com pute r' s memory .  

MIXE D SC RE E N  G RAPH ICS. The graph ics sc reen w i th  fou r  l i nes of  text 
at the bottom .  

MON ITOR. The ROM res ident mac h i ne- leve l l anguage i n  you r  App le .  I f  
wr itten without the cap ita l "M," the v ideo d i sp l ay .  

MOV E .  A com mand ava i lab le  from Mon itor to m ove a b lock of  memory.  

N I B B L E/NY B B L E .  E i ther  of the fi rst o r  last fou r  b i ts  in  a byte - ha l f  of a 
byte. 

O FFSET. A va l ue added to the base add ress to l ocate a byte with respect 
to that base add ress . 

O PTIMIST.  A programmer  who codes i n  pen .  

PAG E .  A u n it of memory .  2 5 6  bytes of memory m a ke u p  one page . 
When u sed i n  the context of g raph ics d i sp lay, a page refe rs not to 256 
bytes, but to the a rea of  memory wh ich i s  to be d i sp layed o n  the v ideo 
sc reen .  

PA RTIAL MOD I FICAT I O N .  An a n i m at ion tec h n i q u e  where o n ly the  por
t ions  of the figu re wh ich  change a re red raw n .  The  rest a re l eft a lone .  

PE E K. A BAS I C  com mand wh ich  looks at a specified add ress i n  memory 
and  retu rns  the va l u e  that it fi nds  there .  

PIXE L.  The sma l l est u n it o f  v ideo d i sp l ay contro l l ab le  by  the com puter .  
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PLOT. To put somet h i n g  on the scree n .  

POI NT O F  ORIG I N .  T h e  poi nt wit h i n  a s hape where t h e  defi n i ng vecto rs 
beg i n .  

POKE .  A BAS I C  com mand wh ich  puts a specified va l u e  i nto a g iven 
locat io n .  

POSITION ADDRESS. T h e  port ion of t h e  add ress fo r a byte on  t h e  H i 
Res screen wh ich  i s  g iven by that byte ' s  posit ion  wit h i n  its box . See the 
H i - Res memory map .  

PRE-CALCU LAT I O N .  A method fo r red uc i ng  fl i cker .  A l l  the  ca lcu lat ions  
needed fo r the a n i mat ion a re done befo re the f igu re begi n s  to move . The 
resu lts a re stored in  a tab le  fo r reference .  

PRE-S H I FT. ( 1 ) The resu lt of  D RAWing  the shape once, s h ift i ng  the 
shape in  any d i rection ,  and then XDRAWi ng ove r the or ig i n a l .  (2) A way 
of a n i mat i ng a s hape by XDRAWing  the necessa ry c h anges on top of it . 

PRIMARY PAG E .  The fi rst of two pages of e i ther  g raph ics o r  text . 

PROM PT CHARACTE R. The cha racter the App le  pr i nts on  you r  screen to 
rem i nd you wh ich  language you a re speak ing  to . E i ther  APPLESO FT ( ] ) ,  
I nteger BAS IC ( >  ) ,  o r  Mon ito r ( * ) . 

QUOTI E NT. The resu lt of a d iv i s ion .  

REMA I N D E R. The res u lt of su btract i ng  the p rod uct of the d iv i sor  a n d  the 
i ntege r q u ot ient from the n u m ber  o r ig i na l ly d iv ided . Loose ly (a nd m uc h  
m o re u nderstandably) ,  what i s  left ove r after an  i ntege r d iv i s io n .  

RAM . An acronym for random access memory. RAM may b e  a lte red by 
the p rogra m .  

ROM . An acronym fo r read only memory. ROM can not b e  c h anged by 
software - you can not write to it, you may o n ly read it .  

ROM RESI D E NT. Someth i ng sto red in ROM; therefo re, it i s  p_e rmanent .  

ROT. BAS IC 's  H i -Res s hape rotat ion com mand . A shape rotates about its 
po i nt of o rig i n .  

ROU TI N E .  A p rogram des igned to acco m p l i s h  a part i c u l a r  task .  

ROW ADDRESS. A port ion of  a g raph ics  byte ' s  add ress g iven by  the row 
w h i c h  the byte' s  box occu p ies on the memory map .  

SCA L E .  A BAS I C  com mand u sed t o  en l a rge shapes . 

SECON DARY PAG E .  The second  of two pages of e i ther  g raph ics o r  text . 

SECTO R. A bloc k of storage on  a d i sk .  One sector ho lds  256  bytes of 
data . DOS a l lows for 496 secto rs to be ava i l ab le  to the  user .  



G LOSSARY 185 

S E PA RAT I O N .  Any one of the seven ve rs ions  of a figu re req u i red to 
m ove a byte-move figu re ho r izonta l ly .  Eac h separat ion i s  s h ifted across 
one screen dot from the p rev ious  one .  

SHAP E .  SHAPE i s  an  App le  g raph ics construct .  Any f igu re o n  the sc reen 
can be d igit ized so that it wi l l  operate with the APPLESOFT D RAW, 
X DRAW, ROT, and  SCALE  com mands .  D ig it iz i ng the shape can be a 
com p lex p rocess, but a H i - Res ed ito r takes care of a l l  the gru bby deta i l s  
so that c reat i ng  shapes i s  a q u ick, s i m p le  task .  

S H A P E  TA B L E .  A n u m ber  of  shapes stru ng together .  Aga i n ,  a H i -Res 
ed ito r makes c reat i ng  the shape tab les a t r iv ia l  exe rc i se .  

S H LOAD. A com mand to  l oad a shape tab le  from tape . 

SOFT SWITC H .  A memory location  wh ich  contro l s  someth i ng .  You may 
set and  i nte rchange output m odes us i ng  soft switc hes .  

TWO'S COM P L E M E NT. A b i na ry n u m ber  fo rmed from another  by i nte r
chang ing  o nes and zeros and  then add i ng one .  

U S R. A BAS I C  com mand wh i ch  passes a va l u e  to  a mac h i ne l a nguage 
rout i ne .  The sta rt i ng  add ress fo r the rout i ne m u st be p laced in l ocations  
$<ll B and $<llC, wh i l e  a $4C m u st be put  i nto $<llA .  When the rout i ne i s  
fi n i s hed,  contro l  retu rns  t o  t h e  BAS I C  p rogra m .  

VECTO R. I n  s hapes, a pa i r o f  i n st ruct io n s  w h i c h  te l l  t h e  · com pute r 
whether  to p lot at the cu rrent posit ion ,  and  wh i ch  way to m ove next . Fo r 
my math  p rofessor, a n  e lement of a vector space. 

VECTO R DIAG RAM . A figu re d rawn on  pape r showi ng  a l l  of the vecto rs 
as a r rows . 

VLI N .  A BAS IC  com mand used to d raw a ve rt ica l  l i n e  i n  Low-Res . 

XDRAW. An APPLESOFT com mand s i m i l a r  to D RAW. XD RAW switches 
o n  any p ixe l  of  the s hape wh ich  i s  off, and  switches off any  p ixe l  wh i ch  
i s  on .  X D RAW i s  very u sefu l fo r e ras i ng  shapes from the  scree n .  



I ndex 

Add ition, 1 68-1 7 2 
Add ress(es) ,  negative, 1 7 3 - 1 74 
Add ress ing, 6-7 
A LTC HARS ET, 3 6 ,  3 7  
A n i m ation, 1 3 S 

byte-move, see Byte-move p rocess 
fl icker in ,  1 S S  

APPLE  EXC., S 7, S 8  
Apple screen characters, 1 7  S t  
APPLE  T EXT, use, 1 1 2 , 1 1 3  
APPLESO FT extensions, 2 1 -3 0  
ASC I I  characte r codes,  3 2 ,  1 76t 

Bar graph, creating of, 1 1 9- 1 2 3 
BAS I C, m e m ory move, S 9 f-60f 
B i nary, 3 ,  1 63 

ad d i n g  and su btract ing, 1 7 0-1 72 
conversion of  decimal  to, 1 66-1 6 7  
conversion t o  decimal, 1 6 6 
d ifficu lties i n, 7 

B i nary/hex chart, 8f, 9 
B i nary/hex exam ples,  9, 9 f  
B i nary n u m be r  

conversion o f  decimal  to, 1 68 
writ i n g  of, 9 

B i nary n i b ble, 9 
B it(s) , 4, S, 1 7 1 

color, 82-84,  9 2 ,  9 6  
com b i nations,  S f, S ,  6 
H i- Res, 68,  69 

dot correspon dence to, 69f 
patterns, 6 
val u e  of, S-6 

B LOA D com mand, S 1 ,  1 1 6  
B locks, p lott i n g  and e ras i n g, 48-49 
BSAVE command, u se, S 1 ,  S 3 ,  1 06, 1 0 7 
Byte( s) ,  6, 1 7 1 

ad d ress of, 6-7 
divis ions, for vector e n cod i n g, 1 02 f, 

1 02 ,  1 0 3-1 04, 1 0 S 
valu e  of, 8, 9, 1 62 

changi n g  of, 1 4, 1 S 
Byte-m ove p rocess, 1 3 S-1 3 6, 1 S O  

an i m ation by, 1 3 6-1 3 8  
alte ri n g  of, 1 3 8-1 3 9  
for horizontal an imation, 1 3 9- 1 4 2  
two-byte an i m ation, 1 4 2-1 4 S  

Byte-m ove shapes, p re-sh ift i n g  with, 1 S 4  

Calcu lation, 1 49-1 S 1  
CAL L  command, use, 2 1 ,  24-2 6 

in m e mory m ove, 60 
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C haracter codes 
Apple screen, 1 7 S t  
ASC I I , 1 7 6t 

C i rc l e  graphs, 1 2 9-1 3 2  
C i rcu its, 4 
C l as h i n g, 9 S-96 
80 C O L, 3 6  
Col l i s ion,  d etect ing  of, 1 S 7, 1 S 8-1 64 
Colon,  u se, 1 S 
Color 

H i- Res, 8 1 -96 
sel ection of, 1 2 3 

Color bit, 92,  9 6  
for H i- Res grap h i cs, 8 2 -84f 

Color codes,  Low- Res, 44f 
Command (s),  2 ,  1 9  
Command extens ions, 2 1  
Com p l e m e nts, form i n g  of, 1 72 - 1 7 3  
Com puter, p hysiology, 3 - 1 1 
CTR L-C, 6, 2 7, 1 S 9  
C u rsor 

move m ent, so,  sot 
position i n g  of, 1 2 3 

Data, S S  
d i s p layi n g  of, 1 1 9 

Data f i le, s s-s 7 
Data p rocess i n g, 1 1 9 
DATA statem ents, 1 1 9, 1 3 7 
Decimal,  3 

convers ion of, to hex, 1 6 7-1 6 8  
convers ion to, 9 ,  1 0  

of b i nary, 1 66-1 6 7 ,  1 6 8 
of n u m be rs, 1 6 S-1 66 

Digit(s) ,  posit ion with i n  n u m bers 1 6 S 
Di gital, d i gress i n g  to, 4 

' 

D i gitiz i n g, 9 9 ,  1 00, 1 09,  1 1 6  
Ditheri n g, 8 1 , 9 3 ,  94 
3 DO G  com mand, 1 9  
DOS, 1 S , 1 6, 1 8  
Dot( s) 

H i- Res, 6 S ,  67 ,  68,  69-78 
double  d ot p i ctu re, 9 2 ,  92f  
q uantity avai lable, 9 1 -9 3  

isolati n g  of, 1 62 
patte rn s, PO K E i n g  of, 1 4 9 
p lotti n g  of, 1 09-1 1 O 
p rocess i n g  of, 90 
s hape p lott ing and, 1 00, 1 0 1 ,  1 03 

D raw, use of, 1 0S - 1 06 
D RAW com mand, 1 08, 1 1 3, 1 1 4, 1 1 6, 1 3 S 



Ed itoi:(s) 
H i- Res, 66,  1 00 
Low- Res, 4 8 ,  49-50 

E O R  operation, 1 5 4,  1 74 
E q u i p m e nt, 1 
EXEC, use, 5 7- 5 8  

Figu re(s) 
d i gitiz i n g  of, 99,  1 00 
saving of, 50-5 1 

F i lenam e, 5 6, 5 7  
FO R- N EXT loop, 5 4 ,  1 2 8 
F u n ctional p lott i n g, 1 2 8-1 2 9  

G lossary, 1 8 1 - 1 8 5  
GOTO statem e nt, 2 8 ,  2 9 ,  1 5 8 
G raph, graph i n g  

c i rc le grap h s, 1 2 9-1 3 2  
d rawin g, 1 2 8-1 2 9  

G raphics, speed and effic iency, 1 4  7 
G raphics mode, 3 1 -3 3 ,  3 5 ,  3 5 f  
G raphics switch, sett ing of, 3 4  

H C O LO R, 9 2 ,  1 06,  1 1 6  
H ex, s e e  H exadecimal syste m 
H exadeci mal d i git, conve rsion to n u m -

ber, 1 6 6 
H exadeci mal n u m ber  

conversion to decimal,  1 6 5 
writi n g  of, 9 

H exad ecimal system, 3, 7-8 
ad d i n g  and su btract ing, 1 68-1 7 0  
b i nary/hex chart, 8 ,  9 f  
b i nary/hex -exa m p les, 9 ,  9f 
conve rs ion of decimal  to, 1 6 7-1 6 8  
conversion t o  deci mal, 9-1 0 
d i gits, 9 

H i- Res color, 9 1 , 9 6  
clarification,  9 0- 9 1  
color b it, 8 2 -84 

' 

colors avai lable, 93-96 
dots avai lable, 9 1 -9 3  
position s  possi b le, 9 1  
p rogram, 84-90 

H i- Res graph ics, 6 2 ,  1 06 
d i s p lay, 6 8  
d o t  pattern, 6 5 ,  6 9 - 7 8  
memory, 66�6 8 ,  1 6 1 
u se, 6 5  

H i- Res  graphics  ed itor, 6 6 ,  1 00 
H i- Res m e m o ry map, 69,  ?Of 
H i- Res mode,  3 1 ,  3 2 - 3 3 ,  3 5 f  
H i- Res screen, 1 1 1  

cleari n g  of, 7 3  
dots avai lable, 9 1 -9 3  
pos itions  avai lable, 9 0  
text placement on, 1 1 2 -1 1 3  
use. 1 64 
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H I M E N ,  5 9, 6 0 ,  1 68, 1 69 
setti n g  of, 1 0 7,  1 08 

H U N  com mand, use, 2 1 ,  46, 4 7 f, 4 7  
H orizontal an imation, 1 40-1 4 2  
H orizontal axis, labe l i n g  of, 1 2 8 
H orizontal graph,  1 2 1  
H orizontal p re-sh i ft, 1 5 2 

Li ne graph, d rawi n g  of, 1 2 3-1 2 8  
Loop, checki n g  of b its, 1 62 
Low- Res color codes, 44f 
Low- Res ed itor, 4 8 ,  49-50 
Low- Res graph ics, 62 

creat ing pictu res, 44-4 6 
u se, 4 3 -44 
m e m o ry, 53,  5 4 ,  58 

Low- Res m e m o ry map, 41 f 
Low- Res mode, 3 1 ,  3 2 ,  3 5 f, 3 9  
Low- Res scan, 5 4 f, 5 5 , 5 5 f  
Low- Res screen 

memory, 58 
plac ing text labels on,  1 2 1 

Memory, 4, 1 3 , 1 6 1 
changi n g  of, 1 5 
deal i n g  with, 48-50 
exam i n i n g  of, 1 4- 1 5 
H i- Res, 6 6-68,  1 6 1 
interpretation of data, 3 1  
Low- Res, 5 3 , 5 4 ,  5 8  
m ovi n g  of, 1 7- 1 8,  5 8- 6 1  
organ i zation of, 1 5- 1 6 
scan n i n g  of, 5 3 -5 5 
s ize, 7 
writi n g  from, 1 6-1 7 

M e mory ad d ress, 7 
Memory map, 1 6, 1 6f, 1 8, 1 7 7f- 1 7 9f  

H i- Res, 69,  80f 
Low- Res, 4 1 f 
use, 40-4 1 ,  4 1  f 

Memory move, BAS I C, 5 9 f-60f 
Modification, partial, 1 4 7-1 49 
Mon itor, 1 3- 1 4 ,  1 5  

com mands, 1 9  
use, 1 4- 1 5,  7 3  

MOVE com mand, use, 1 7, 1 8, 5 9  

N egative add ress(es) ,  1 7 3-1 74 
N i b b l e, 9 
N u m ber, d i git position within,  1 6 5 
" N u m ber  cru n c h i n g," 1 1 9  
N u m ber  tab le, 1 2 3 ,  1 2 4 
N u m e ric  codes, assign i n g  of, 3 2  

Offset, 1 0 5 

" P" key, 2 7, 5 0  
Pad d l e  0, U Sj!, 1 54-1 5 5 ,  1 5 9 
P E E K  fu nction, 3 4 ,  3 7  



P E E K  statem ent, use, 1 3 , 2 1 -2 3 , 5 9 ,  1 6 1 
flictu res 

Low- Res, 44-46 
preserving of, 5 3- 6 3  

Plot, hatching of, 4 6-4 8 
PLOT command, use, 2 1 ,  46,  4 7 ,  4 8  
Plott ing, fu nctional, 1 2 8-1 2 9  
PO K E  command, use, 1 3 , 2 1 , 2 3-24, 2 5 , 

9 9 , 1 08 
PO K E function, 34, 3 7 , 99,  1 3 8,  1 4 9, 1 5 1  
Power l i ght, 4,  6 
Pre-calcu lation, 1 49-1  5 1  
Pre-sh i ft ing, 1 4 1 - 1 5 4  
PR I NT P E E K  command, 2 2 ,  5 9  
" P R I N T  U S R (C) " stateme nt, 2 7-2 8 
Prom pt characte rs, 1 4  

RAM, 4 ,  5 
alter ing of bytes, 1 4 , 1 5  
erasu re from, 5 

R EAD command, 5 1 ,  99,  1 08 
ROM, 4, 5, 1 3 , 1 4  
ROT, u se, 1 08-1 09, 1 1 0  

SCA LE, setti n g  of, 1 06, 1 08 
Scal i n g  factor (S C L) , 1 2 2 ,  1 2 7  
Scan, Low- Res, 54,  5 5  
S C L, see Scal i n g  factor 
Screen 

cleari ng of, 1 6, 1 7  
shape generation on, 1 0 1 

SHAPE, use, 9 9  
S hape(s) 

byte-move, 1 54 
creating and placi n g  of, 1 00, 1 09-1 1 5  
des igning and d i git izing of, 1 00, 1 1 6  
d rawi n g  of, 1 00-1 0 3 ,  1 05 
fi n d i n g  of, 1 05 
plott ing of, 9 9  
U FO's, 1 03-1 04 
use of D RAW, 1 0 5 - 1 06 
use of ROT, 1 08-1 09,  1 1 0  

use of X D RAW, 1 1 5- 1 1 6  
Shape com mands, 1 3 5 
Shape tab l e, 1 04 - 1 0 5 ,  1 1 1 , 1 2 3 ,  1 2 7 ,  

1 5 8, 1 68 
enteri n g an d  saving, 1 06-1 08,  1 2 3- 1 2 4  
location of, 1 0 5-1 06, 1 1 1  
shape d rawi n g  with, 1 09,  1 1 0  

Sh ifti ng, 1 5 1 -1 5 4  
S H  LOA D com mand, use, 1 08,  1 1 6  
Soft switches, 3 3-34 

ad d resses, 3 5 f  
for d i s p lay control, 3 6-3 7 
toggl i n g, 3 3 ,  34 

Sou n d  assem bly, 6 1 -62 
S u btraction, 1 68-1 7 2  

Tape, say ing  of, 1 0 7-1 08 
Text, p laci n g  of, 1 1 2-1 1 3 , 1 2 1 
Text m odes, 3 1 -3 2 ,  3 5 f  

m emory map, 4 0-4 1 
use, 3 9-40, 4 1 -4 2 ,  4 3  

Text screens, 3 1 ,  3 2 · 

Toggle switches, 3 3 , 3 3 f  
Trigonometry, c irc le d rawi n g  with, 1 3 1 

U FO's, d rawing of, 1 0 3-1 04 
U S R  statem e nt, use, 2 6-29,  3 1  

Vector(s) , 1 3 5 
· d i gitizi ng of, 1 09 

shape d rawi ng with, 1 00, 1 03 ,  1 3 5 
encod i n g  of, 1 0 1 -1 0 3 
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Vector codes, 1 0 1 f 
p lac ing  of, 1 02 

Vertical add ress, 4 2  
Vert ical b lanking, 1 5 5 
Vert ical B lanking Location (VB L) , 1 5 5 
V L I N com mand, use, 46,  4 7 f, 4 7, 4 8  
Voltage, test ing for, 4 

XD RAW com mand, 1 3 5 ,  1 5 2 ,  1 5 3 ,  1 5 4,  
1 5 5 ,  H9 

use, 1 1  5-1 1 6 










