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prng.-aJT15 [0 be more po rful. th . Apple nGSfooks 
lOw-ard 11 sl: i[ h the fi ' ru ,cs of the pple TTe and ' e 

pp] J '. i( It J\J,n mOSL of c pro nuns wrlncn r or !he 
comput r. • 

e Ap Ie I GSI 
The . pp]e UGS h.as more Ii lUres m n ny rHer Apple n. So m:u 
you C f'I gct n uvr:!i:1J II of wh· t me Apple ncs J5. t.1 is 
1,° Uf [LS tu 

NrYie; Th { . [ t otlow· an ty 8tl r ml ___ [I C8;. 10 le m more 
. . hOUI rndl idual ream res] keep r'f!adln . Chaprers 3. 
and 4 descrioo the hardware fC.HU res, I/O r<: tu res and 
firmw n: • u res, sp 'v "ly. 

11 e . 'esr wa "I to .:.ri · the Apple Hcs.i to II i ' tu s. In 
addition to the fearures of t.he Appte lIe aJIld 'the- Apple J the 
Apple II GS has .new fcalure:s thea [ scI il apart from orher models, 
of 'the pplc U. blc 1-1 II It c m ;or c:iHures, bo o1d 

C1 ne· . 
Vof T' rrns 1_ t· pp: r in bold( . 

glossary. 
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nd db "'m] 6581 ,nd 6502. instructions, 

,furth..! 2-bit inc1udt; low-level 
I/O ut'l'1 r or dlsp v :and key ret 

wi Lh ,oct -fica 11 0 n.1ii: ror don d 
80-col n ope a !:Jon, 

1 .,.. rOf' oolltJnuous operation. 

Serial poru sup p n rno e • e • and 
App leT l .. (U I' an sL.i] [ s.e rLal card in 
lot.) 

J1 5C1CCL 
or Ap 1 T I , 

'e can elecl bl1i]t·in por I Lf mnt:efface 
cards :Lrt slots or bo(h, or, - rtta ny .5ix dliives 

I on lim , 

ExpafUilon SloLs Ii 
L ppl ,I s ' " t 

upports all exbs L.i g g m 
deV1ce:i usc A ppl _ T 

on Apple He, 
uxHi ,ry S]OL) 

re. (Some new 
B _ Instead, 

e II compatib"lity 
h the ppr G S , m Illy [[) er J ne reatures1 iL. is 

Iffipon nL LO a; ember th t I 1-5- n A[1ple [I. Th::H mean.s; ilia[ mOSt 
x · (i , r3 r.r and pe:rip he devices as w ] 1 as (IIJ lu • ru I' (r 

de\teloped for the Apple tic nd App r..:;' LIe Vir] r' n he 
ppl HG , 

The Appte II S has se reld.l features Lh l m 'it m I.i 1e ILh 
earlier mo c1s of Lh Appl ' n, T ] 1-2 '5 a Ilst of those featurcs • 
. JOI1J!1; 'Ii 1h wet' models of Apple U that 150 h \I'e Ll em, 

1I Chop r 1: Intrcd ti on to the A p IIGS 
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Applesoft i RO 
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DOIJ 
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-column t 

lor f phlcs 

oJ r gr phrcs 

B Ht-I eri ,1 

.] _On d - k p 

pansion slots (7) 

G 

6 16 has emubuQ n m ror rn rming 6 D2 

j nand LJX 'H:uv , 
n I/O spares 

orts 0 
v 10 

when 
ile text di play 

it-h , G ffiQrutor) 

2 

5 1 

10 nd 

TOR -23 - amp tible pofLS., for 
pinter, oilie.r se , dv 

5U polltS bDth , _ 5 .. inch rl 

Ipher 'J ' /0 
ilio to bu. [t in po 

9 pHI and 16 pin co _ 
d ·trn pads 

pansion card , 

r me paddl 

o 
IA 

AJl 

AU Ap Ie 

A pp r:, fie -th 
- o]1Jmn c 

H ppl I "s, 

p] 

_ ppl [(:1 ., K. If' 

A pplc lie la r) 

"pp], J .c 

Ie flu 1 He 

IT i Ie 

o lh Apple 11G and rh 
M - simif £luesl. Amon 

l1le . p Ie IIG h 6 micro processor, hile h 
cin ash h 

pi J GS h:iS a coJ f!.1. anlosh i 
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On lhe ol11er and, hile Ihe two machines' sysu.ems ' 
d trrerent.. they both SoU PPC!!l h ic disk directofjes. And 
sor.ne of 'the h rdw rc ft! lu aIne, such 3LS lhe deuched 
keybo Ii n (h mo e. 

the pp lIGS itself work like the M :lcUHo:sh. 
I cppllca on5 th t use the p 1 L t Ions. on the Apple ] [OS win be .r a strong . 'scmbl- nCt; 0 

Macintosh ap p icalEOIi5. main rc son is I ;e use of the ,s.:une 
deskto user mter'fac: on bOlh ,- chi flrCS. The b I Lit-in 

!5ltrap "n:81I' Int n'l/JC 
appear (] opHomi In 

pull· own menus. 1:1 - d rna ertcl 
beln woHl!ed on oppaor, In , pple llG 1oo1box Ifkc l1 -e Macinto, h Tool Lt easy for 
[J 80S: Of tn C; Ci ed 
w1ndOVl9, u:seJ 
commend a e rn I;Iferlcl bY 

applk lions [0 tl de k'lop inl:erfact:_ r .. ble 1·3 sUmm rires 
Lit . m jo r pin' uf:s . il rily r a1I well as some or rhe dlfTGrotllC ;s I 

,t we .n 1 ma dunes. TIm noes rc dc.scri" , " ' flJ r1 .,. ... 
i L1 Cha 1 ret' 5. UT ' e. Apple ,llCS Clolbox:. 

using th m to mOVQ CI 
rpolntlBi1" OJ ' nd on 0 scr en 

lble 1 .. 3 
1he Ape lies compared 1 h e Moe Intosh 

IF" otUf J 

DesktOp c,r 
interlace 

Desktop suppOIit 
for a karl 0115 

Desk op displ:ay 

DIsp]:a esoiu [Jon 

Command lection 

Kcybul.!rJ 

B i It-in s -ri I portS 

Q faUng system 

Qncrnal hard dL.;;k 

Pun-down data in. 
overb.ppLng, Win uw 

Ilri n [{;Iolbox 

Super Hlrnes color gra p i 

p p]e.t"lcuse f ". kcybo:ud optional 

Dc l!l .hcd. Wilh a nd Cl r. r 
kc ", . 

Two [[s. ush"!S lhe Z'lng ·C 
and R , -422 driver 

5.2'5-Ln , h nd 3.5- i It h 
the Apple IWM chip 

P to DO S (hjern files) 

[ ta rei DLri[:k 2.0Se ,iIll SCSI interface 
card 

Cha pte 1: In rDductlon to the App 911GB 

l-doWfL data io 
overlapping 

Btl at-in toolbox 

Bj t-ftHI pped b lack-and,," . .rhire 
gr,aphics 

51 ' x 342 
A pp lc f\ 1ousc, key 0 rd opt Ion ] 

whh keypad 3ill.d cursor 
ke rs on Mild nlosh Plus 

Two pons. using lhe lH og 
,CC chip 

3.5-inch drives cnly 

Hiera.rchic- i me sy t 

Hard DI5k 20 ij-tu Disk 205C on 
M _ t nlo ,h P lu ) 



For progr evefop rs 
111 pprc liG has seve I . IJ res thal are i m r ( ror 
d re, mr51 of all r there I 1 ·pple IlG · Toor 
coUccu on of l -tn progra.nl au ti n 1 can be ] ie y 

p plications.. The n l r..is the pro ra Ii! vela pment 
e viron me n [.he .Ie n GS [Jlmgrn mme( orksh op (APW), 

Li in du de.s the la ngu and Ll' C Lr cnvLronme r.11 . 
lh e I Ltt-Lil lGolba , L 1 ngu gc co • worksho p 

pro ra1'llS, n · Itl" techn LC m nu I!i lh L descfJ.De !TIl 

cvcJopcrs hl e \II rylh n !:hey need to vc]oP:aJ ppU . (jon I for 
. he p pi llGS. 

The Appl IIGS Tool . ox 
tJk ' \J Madnlosh, I . pp uo ha. L Iii ,..in toolbox . 'C 
routl n c n be call d by i 'ons. TM [0 · 11')ox routines 
include mOllLoiie lions lJ..iih rnenlJ .an. 'Wlndo'911S to , IJPpon th 
de, k p user intel:'[ 

i 11 or lhe -ools . rosidenl n RO i .s me or em loaded 
rt'om disk and re:s[d 110 r .. . The cal Ling me hanism i! ' C 

regar cs o[ where in mory a tooi resl . ," too] can in 
ROM [n,3 rty version or the 'f3. [e.m and in RAM n a hue I!' 

an app i tAJltJon d {n !:he early versi on will run on. 
ill c I { vcrSLon Ll11 0lJ moo LficatIoil. 

The , ppl lIGS i lu;(b man • ru t'1 io s like 'tJ1e 0 
. 
In 

Mao '[ s 'foolbo:, b - th·y Ie n al l Ih me. ere a 
eli erenc between lh m c ines and tJ d[rf. rences 

affc L th ture and n ration of the 001 . 

For mmary 0 t pp[e ] I GS Tnol tJ · and mare 3 bo 
diITe ' n CC5 between lh l · [s in Lhe A p Ie 11 G and the M ci osh. 
please re C b pler , liT / . Ie HGS Tool bo ,D For comple 

ion 11m loolbox.:'i the A 'PIc /l'G'5 Toolbox eforanc.e, 
Votume 1 I d 2. 

Fo progrom a'll lopers 7 



Fe or9 crmcrtfClrl Q QIJ 
egrcmmlrtg 0 th · Apple ss. 
9Q5e see Cnap sr 9. 

P e IIGS Develop Q 
En .... 1 -0 n .- ond ne 
Indl du me 1J s Apple IIGS 

,ctgramm 0(5 Wart5 Op 
A.J;:J.ol' IfGS Wb.rksitop 

C Rstt!JItmcB and pr::RS'/1GS 
Workshop A.s.sombtef Q relet't,cQ. 

. rogram er's Wo 
To pm-ovid a co· 'oiking e nru n t, l ere rhe 
.. pplc 11 cos Pr()gra efJs Worksho p (A f\t0. e dey loplne n l 
'C '1''1 vi ronmeru oon£i.srs of [wO I"J cis or program.s= !:he com ile rand 
9.. which ,... [.heir 0 n .rererence m nu lSI· nd the 
workshop pro 1 hich are' an des ribed in Lhe Appf. ] lIG 
ProB m aT 'ihop ,Ofi,-en e 
The pp1e 11 G ro m 'Ii' "\\lorkshop is scl 0 pro ta.ftl' that 
Apple pruvid" to rna we H eas fer 10 dCVi -10 p1 Lea UODS for fuc 
Appl . ncs. e ro .rams; in the pro mme 'orkshop :3 re 

o shdl 
o c ltclt 

lloker 
[J de:hLl gger 

o l..uilllios 

for m or inf otm tlon W. pl' ella pler 9 r 
U A pple I I. S Develop "nl' nv and lh . m ua] 

pple JIGS Pros ram War; hop , eJe nee. 

Appl IGS progr 
Th.e lan u ges a\l"31l:ibl on Apple, nQ include 65816 s.scm l' 
1 ilngu gr: n C. TIt11':l to the stand rd objc [- 1 fn.mat on me 
A p lc n GS the same I [fikc.r nd lo de r n . e program 

. gn e fl c.rea le d in ehhcr of Lht:. v i ('0 ramming langu ages. 
necaLlSS the langu ages r V· il ble.se aratcly there IS S ' te 
manual [or c ch 0 

The h·Le\<"Cll ngu gc in .1 P\V is - Pro farn:J '\'wITiuCJ1 n C n 
easLty LIldud s' io wrlLlen in a.s..semb1y 1 n :g :nd Ln Pascal 
AJl C 0 ith ta.nda.rd C ] bryan an A pie nos Interf cc 
lLb r1, hic:::h oontalru the. too! 11. 

t;.: PW semhler i:s iii. full-rc t'U red macro as..semble r r.h { 
. u PP<] rlS the fu U 6SCB 6 r I truman se (\\lfu[c 65C8 ] 
ins tru cti OrIS indu lho e for lhe 6 02 an rn 65C t t e as.semblcr 
is no[ n I pp "3 riS-le evelop menl leo 1 Or _] , l II's lha use those 
mj croproc or:'; becau.se AP docs n 0 npon Ap p e J 1 biru ry 

:.VQle: The ' pplc llGS 
co mpalibj lily -wjl 01 

:n rd ppLe:soft BASt C f"I RO. for 
r Apple U's. 

8 Cho tell" 1: In od LJC ti Oil to h ' Appl II Ss 
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9crlj:J1\o o'r the 
ICs In e GS CQn:i t r e 
Apr:H6 IfGS Hard-Nero Reference_ 

abt 2·1 
Lor a-scc e [Cs In he pel GS 

Mega n 
lotm.ake r 

J clco G hlcs Co lroUer 
(VGC) 

lnlegJ31C 

ound Gener11 Logic 
(Sound GlU) 

D1 H: 1 Osci1l Chip (DOC) 

, board General Logic 
(Key C;,LU) 

Ke ard 1\iic(o protcsso r 
507 GA) 

This ch, p[ r - n.d lhe rolJowin,gll,l[,) d pters deserr . lh rea lUre of 
lh e 'lh I::mp bJ 0 n !he new fc lu . TIIl.s chap e:r 
((1 \, , e hardwa r It I Chapter c:uv me I/O features, 
- 'hlch combin . cl , rn J or hard rc n fj rm ware. and Cil pteI' 
cover.; lhc res or the firm'War fc tu -

App fiGS tech ology 
The Apple HG me O'it advanced J p Ie II TO dare_ It uses .\' r· l 
1 rge·s-cal in't 'M ted circuits rc tom designed for it. The.se 
lCs rc r cc mou ntEd an fo - ' I Y r pri'nled circuIt bo ., 
moul'1 L' [n the bOLLom of th . :ci , B r us Ln 1 rgc-sc le 
l . d _s]goe.r.s of lbc p 1c Ilcs 'ere able lo inere. I]' machLne's 
capabillLic.s wlLh minimum Incr asc jli m [11J [ ctutin cost. 

T bfc IjsLs Ihc I" rrg YCs.:IiI me Apple 1 CS, in LuciiJl8 the custom 
lCs. Sam of t:s • are menUoned l l"r In. th- ch pter 

unction 

Provides Lh ' ie. A P Je n addrcssi ng rtd iITLin 

P rov.dc.s addj lion , ddr S1 :and contral sign 1 ra the expansj on 
:5] ots 

p fovidcs in, and timLn r, r r t. e me roy; handlC5 
s. n hmnJz:liJon of r __ d . te U 

ruV1 ide 0 addressin ntl " gn I cne ration for Su per r 1 i 
ispt y 

Conlroll r ror 5.25-inrn a.nd 3.S ... in h dLSk dIves 

p rovides . betwee.n the syslCm b Ii the DL ita! OsciU ,. 
Chlp roOC. 

Di ita] sam plrTlS sou n. ene 1(rruI by E sonlq) 

Provldes inlerf: CC bel ween the system bus nd e keyboard 
m icrop rocCSSOt 

Supporrs lh :'l Top Bus (Inlerf • [0 
keyboard i the mous t and s,LmHar dr:\r\ccs) 

12. Chapter Han::i\I/O(B Fed ures. 



. Ie p ' I .. 0 f a F . 
The uos is a fi 6 ope rati n [n 

asL roce or 1 n "'JfI c;c chip 
i1 on !:he en 6-

res. 

Icroprocasso 

16- '1 cru 'tu-
- it and Y 

t ble dire 
Relo [b 

]of9J(a 
ct.ions 

'502 n 65C02 B-bjl mi roproces.s.o 

Sixteen- r roc 
I 6,C8] 6 n 01:' lly operates in i of l'W"o 

. nd 6'5C 1., n t" mode. i 10.1 • 2· 1 
"mulaLi on d in nati ' 

mu] tor and in ex regis te '. t'C 
J 

n 
and in 

to 

, [I'Ve mode ]s I work - I La re:ls I "'"11ft 
n a ddi J ccumula[or t-hc B re iste r, pi . does nor 

[" ·comrnen _ .. J1 1.ive mod u[ some [ole 1 outJnes us.e 
jtf d dl3velo iT i ley roo 

Ie ro fee 1:3 



0:5Q2 Em 

B A 

00 x 

00 

I 0 1 0' S 

l I 
1 PC 

I DO 

16 o 
RS'Q'; er Is gth In 

flgUif 2 .. 
osee 16 reglste s 

lrn I 2.-1, the ooxes rcpre "' nt registers, and [he of the 
bo cs co respond 10 th num r of b[Ls; regj ers. a 
L dialed by the: sc Ie!) t lh otl:om of lhc n Te. tellers me 
ooxes ali. tlle n 0 the nurn - . (0 1, 0 n in. boxes 
indk (c fi ed values for Lhosc par " or the associated r . Fet 
eX' rrll= 1 , the slack poLn£.Cr I n mod bcll r · 24 -b[r 
rc is er Lh up "r e.ig It bjts pc rm n n J y st!t [0 O. 

Q5C816 No y,Q mod 

Ace IT1 10 

. (J C be r ogls r 

S'l'0i point s 

progro p 

om coun ' f' 

Pro r m bon' p:egl trtl BR 

Di &!:t reg or D 

g tar Ie In bt $ 

Two opera ing spee -
e App e 1 normal1y rum its 65CB 6 rruuopro CCSS 0 IT' r I clock 

Ie of 2.8 11. I z.. For progn i I r Lhe errecti"" • s -d is about 
2..5 l\ Hz. becausc ha rd . rJ re ocates a r(..'W ock [or 
ref[;shing II • RJ 1 nd canno'l exe I M i- . truruom durin 1 
refresh cI . . p 0 rns in a 0 Ifeaed by RM rolL S , 
50 h y n at lhe full 2. ]-1-

4. Her were Fecr'turoo 

1 
o 
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ret 

ing 0 the 5 · 161 e Appie UGS 
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A '. elm · in a d aux liary m mory 
.. A tp. 11: 1. secuon descn lh "y mem Dry i .n 11 

mode ISm mdu. in the Apple U nd I [ IT }fOU Y' 
famj LIar WiU1 (h machin, ml l 'W3iIll ki P head 
the etiOD. 

The 6502 Il:1J oprocessor uscd in me 0 fg[nai A . 11 can address 
up to 61K bytes or memory. • . ple c::: and m 12SK rersloru or 
fue A Ire have f28 or memory. whi th y address m l 0 6tiK 

. To dlstin . h e two b 11k",. o· naJ 641\ of me mcry .t.s. 
referred to m n" t! adciLLton 1 64 
menw . In Lhe. A pp e JJ G5 t n ks .s00 and $01 IJke milil n 
auxfl i ry mory w n ni n programs . r:! ten for the . pplc e 
. nd Apple U c. 

] n we original Appl 1 n.d Lh pp'lc n 1 , dilTerenL p ( r 
64 K. memory s re ruJocatEd ror d i .er,en purposes. • rl -in 
ROM oem p iC5 m j esl add res . rO.f.ii S 0000 lo FFFP. 
Address L nCOOO nd (.FFF ar to bullr-.in I/O 

nd lo lh pedpheral 51 t.s rOt T 10 devices nd ROM on heral 
r . Appllca 'ons use memory in SK of space below CooO, 

e· t:ept for L.h • VI e dis r lay bu I - fiLch are g ,es The re 
re tw'o 'ten dis 1 y P d lwo R raphlcs pa .. Table 2-3 

shows r 10 Uam. 

T b a 2 .. 31 
ston crd Ap e 11 d play po, as 

Tcx Pa e ] 
Te , Fa e 2 
:I-ti ·Res P g 
I i-Res P Be :2 

16 C apter 2: Hcrd\lJor Fe ures 

0400-50 FP 
0800 OBFf 
2000- .. "F 

r 
A 
A 
11,0; 



W J1 pple inU'odw d 
f on -ei . . L II kLlooylE of 

r whh]6K 

the A lc 

memo 

called 

. c.:;" as laD ge- rd memory I 'Ii"1"J when Ll Is on t1 • m in 
bo rd. 

Lh m in 

3 L5 me 1 mory map fo 
the '0 6q K m rnorr ban 

CQOO, 

S FFF 

s 0 

S 0 

$ (] 

sacoo 

UCJg card 'fO 

11 mQmory op 

itB 0 J1 an 
1/0 pace, 

'Uxi [iary me 0 ) 

User 

emQry fee as 1 7 



o .rnory M nQge r p Qf 
th too ox. I 5 JOb to c.loc:c1'!!:1 

emery so t cPpli r:o' IQrJ5 
I/J d J . c'Cc&$5.0rles C ru 
wi OY cb QCJC 0' 

K m a IO.b¥'G eltcgp n 
1 meon 10211 bl ts. 
Slmllarlv. I me otN I 1024 
kJlobth.. 'and 1;1 m a lI'byte Is, 102t1 
k lobyte 

Memory ex -' onsl0 
The mUli mu m m 'm i the Apple 11GS Z56K .Apple IT 
progra I'It5 u . K of m pped. IIl3.Ln and wrili ry memo 
till m fl rmware u . pam of '/1 other 128 . Pro _m j tLen 
feu .. the pple nCS--lh t i , rogram.s [bal !1 " 6SC816 
mi aoprocessor n mo :e. Lhcrcby g . n ng lhe ability to 
address ffiQ["C d 28K of memory 11 e up 'ID abou.t 170K of 
Lh 256 res ' i:s reserved r. r . irs nd for usc by . tem 
lI .. n1W r,f:. 

11l.e Appt . IIGS Iso h oS a, . card slot dedi ted to memory 
ex pansion. n l R.J\rI.1: 011 a memory e pan ion CI. rd is .. ,"' fI b I e 
r or Appl UGS 3,PplJcation progn rns can the 
- a.tt3gell'. Expans Lon m m ry i oonu uous,; its .. pace 
co )."te ncis without br . h aU the RAJ,.. (;I ·h card. Unlike 'LOO 
A pple fie. c ]lAM on Ihe pp] I GS" 10 limlted [0 uSC 

dj 'kj pro m code can run n y pa of RMt 

• Note.· fh m roory expa nsj on stat on rhc pte TIGS is not U 
t::i'LJ cr t1 e pansion slots or h :au mary SIOl 011 ,A pple fie .. 

ernory exparJ5ion r s designed to run in c.i r of Lhose 
LlI not in lhe App!e HG m m[ ry pansJon s 10L 

m me ry e p mio n cud design . d Lo run In an .A pple II 
cxp _ i i"L !oilet III run 1m one ur' general-purpose. " x jJ ns.Lon 

10 · me Apple lieS, owe er.) 

[!fern ory expansIon cards fa r II '/ le IIGS can be s ' r J e.rent 
rJK (k Llo '0 I t hi. a 

memory p_ Ion ca Ie of addi Lion .. 1 
. 1. hen one-me. abit I become a vall b1c in Q U.l ntity 
memory expansion c rd n have up to flOur mt:. 0 R.AJ.1. 

(The App]c IIGS w'll ccep expansion RAJ,t up to ei hr megabyl.c5.) 
The 3ddjllOn ] 1L ' . I r.i ape; lnJ 0 contigu ou.s K banks starting wim 
bank 0 _ hown earlier in .. i rc 2-2. 

Tn addnion [ .lit P .nsj 011 RAM. m rn r) expan£o:n ca.rds · n 
h vc to megabyte of ROM . 11l addiLional RO 1 OCOJ pi 

m mury f rflM bank PO dov.rn", ,n ba nk PO .. PoniC) 0 the t.op 
o I3Jn.ks of expansion RO a allocated far sysl m firmware 

e.xpa l:lS[on. rn In. ng ex pans Lon RO 'I' s.... ported liS 

disk- perm: n· 1 SIDra e for appHca rJo , h irn the system 
handles H c k n iles. For ddLuonl n rurmaLioIJ abou l memory • 
.s.oce 

'8 Chap sr 2: ordwc re Fect J es 



ay , .. t r s 
o rt I !:he Apple nc. rns the standard. A n deo rnod 

OO[ h B.. phr . nQ exl, nd II tc.xl dJ pJ Y is enhanced with a 
choice of colo roll' , t ":, r\ kSfO'Un In dition , C 

p ]e llGS has :KG B video and ne u Hi-R 

RGB and compDsi o 
111 . ppl UGS has both KG and (NTSC) Ideo 
OU pu , . il c r 1}"pC of video monilor ca 11 be used il11 the 
. pple nCB. -J( OU h an RG monitor is required for 8O-..colum_rt. 

lexL n eotor. 

PllDU1; A m n h r III 111 _ r will wor on he A pple [Ie . 11 
lhe u.sc.r h1.5 t.o do is cDnned il .. 0 Cc ITI _ rt .. "rj, '0 au lpu t 

n usc [ht: conlrOl panel to sel dispJ Ely t.y pe to 
monochrome . 

The RG 1] vj .. 4,) . rom t . . p ]c II G i - ,. .. I og R • iLh n 
appmpria R B T10nl r J th H t-R 0 c: an . play 
sh Ip phics with any of 4096 colo . For th ak r mp L i i l Y 

ro ms th aL . Irate raphic:s. for com POStle morutar.>. the 
I IL-R s; and 0 1· d ispl' ys on the A pp!e LlCS 10DK like 
com e n RG IJ monllOL 

JitsJorl I rrole: one tin • Ape rn" I n G plor 
n kG monitor. lhe ppleColor " 1 00 monLLor. rn 

th' \ lj Res an d Double- Hl Res 
color dispta ere res r.icre to u,n7.0 r1[ 1 of only 
1 0 I a restriction lh:a t doe not .. pp1y to th A p 1 Tlr.S. ·0 . 
lh l f1 Ap lDr 100. OrutOf requJ re e I:'a -e d. 'It I 

.. so it 'W1U nDt work on the A pp e IIGi _ 

o spicy eo ures , 9 



Te 
. ndard vi d 0 m on the Apple n GS In dude lI..hree 

en.h r'« rolated !.ext, colored backgtound I and colored 
00 rder For displayiI1g 40 or run lCJII:,[ on In R G B 

thlZ user c _n scl "CT ny ur sixte n S fldal'd colors [or text 
nd ny orher 0 t11 i t en coif] for b aground. (The ConIrn] 
n .] wonl[ L1! r set l.h te l and backgrou nd m]o.r.i Lhe 

arne.) Any of the sixteen colors can be used for the Lh:n Ls 
dIe visible pan of me display OLl rsjde me area usc.G for Wx[ nd 
graphics . 

,+ Vote olored text works on,>, with an RG B monitor. l.(! 

com posJte vkl.eo 00 [PUl auLom alic:::a..lly 5Wj L OS to rI1onoc r rn . 
for [ext p[a y!i I making Ihc texl. backgmu nd I n bo 
rolors appear as bl ck: i whLt.c. Or :sha ". of y. Thls f ute 
rcdw:t';5 culo r f ri n i 11 • d j mpro .... c 'th I .i)] lil of text 
dis - la ye on composite color monitors.. 

By the way: The unu.sed border arnu nd the videD dis.play is 
wide enough that inrormaUon (Hil the edge of . di pI y WCH '1 

• when un itleo monitor WJth thei t' picture si2e 
controls set [00 bi 

Apple "I 
AWIe 11.' Thi.s :scclion dC5cnb " phics f. ··1 n.] nt: r Ul n On. 

[ oLhcr n1l0 c1s or Lhe Apple ]1. I you are " l.ready familiar 
wi1h the ll. you might want to skip lo the .semon 

u per H i·Hc.s G rapb LCS . II 

The App]e nc::) jnc.ludes lhe same graphics found on the 
.. He nd 1lBK .. pplc la-Rest - ti- Dou'blc Lo-Rcs. nd 
Double Hi-Hcs. . blc 2--4 !oj ow l c lions ror rhc.se 

ys. 

20 C ap er 2: crdwore F (l res. 



lobi . · .. 4 
Appl II rcph s dlsplays 

• 
I..o-Res 

Hi-R · 

D oub le Lo-ReS-

Double 11 L-Re '. 

8) 48 

192 

. 0 5Upportc by 1 

16 
6 

(0 c) 

lJke a I orner Apple ]I' , the Appte nos display Lo-Res and 1 li-He 
culor rapbjcs. BAStC I n ROM I indud s simple routines 
fDr, Il ,n color · win 0 .nd C8. ., Appl 1 GS 1st] 
has the double graphks modes l Hke other . ppfe illS . it doesni"t 
:h ve phlcs fi rmw" re r Or [110se rnodes. 

rf.JI • • or t; n r - ra ph i c.a. rn j nd 
DOll 1 pp n simp]· [ri k ton lC 
color Dn a. composite fllorutor_ The -ndk ... ·ldu:J.1 dots in the 
gra phics arc spaced fuM n hi 1.0 Slimula[e the dIm its that the 
monitur uses to cxlr3lCl color don from a 

n 'I. On Jo- I SI [he.: 11 r . clo . lC di p] y re made up of 
smaller dots thilt to eLher on the crcen.) D lITer [ 
c.ombj n 3110ns of dots make dilTe:renL 

Super I -Re rcphlc I 

Ln addilioll e 5tancid rd 'V j deo modes ou nd OD lhe r'J le Ill:: n 
Apple l' i [he Apple I GS also hn lWO nev.r . upe1' Hi Re5 phlcs 

o . 111 .. new disp'L3y mod take · dv nl1" of the anaJa RG B 
video au [PU t p odu ' J L h-qu _ _l Y I hi h-r [IJ liu' o]or 
g;ra prucs. Tab I.e lists the is pedficatIons of the two nev.r raphrcs 

i pi Y me. 

Display f C Ie 21 



I short or 
Q/ - n -, A _ I corr 
th ' a 0$ dot you c.(] 
on Ihe e n 

o 

Tabl 2 .. 
S r HI,. Res grcpht modes 

320 
6 0 

20 
640 

200 
200 

bL£.S 
2 bits 

Colors 
o.n IIGf. 

26 
2561 

I r'I [hr;: :n 'W u per H -Jt g ph i r;s modes. 00] ored dots h:il¥e the 
oS e horIzontal r.e o]utioJ:'1 a - od-whi d ,IT 3['& 
different .from the standard HI-Res and D ble _ U-Re ta hr 
modes. dots re icier - a.n bla,ck- nd-
""rhile dots.) Each dor on !:he u per Hi-Res. screen corres o.nds 0 
pi' ell nd p ts If rbe screen does no[ dis p[a y 
ind,[vI dua l i' s, 
(! , h p' " I j Cr 2 .. b L[ (640 mode) or ii 4·bJt (32D mode) value 

. ith it. _ i-r m, re 2-4. pixd ' lues SCICCl 
colors from programmable oo[Qr tables called JUlleul!.S- A lc-
constslS of s i.xlocn and Gach [>5 a ] 2·bit value 
smeeL yin. on. 0 0% p sibl· In 320 mo e color 
sclc 'ion! qUite .mp : . consists of four b ilS. 50 j[ can 
5clca: an.y one of the st.. Lec.n. color il .. le t 

Chc ptsr 2: Hard vOr'e Featuf&-s 



n 6 mode. color lection is more complic.ned The 6qO ixel , 
_ch or · orr lli 0 py 160 di cenl bytes of memory nd 

fa r pi el t .f -by- "de on 11 n. 
The sbneen colors in the paJene &\1'1 de . in to r lu .r fi r 

010 c. Tn lr.S [ pixel in ea d1 horizontal line can e·lect n 
Or of rour olor6 rom we Lhir group of fou! in rhe pa!e:ue_ The: 
econd p -. cl 8 Ct.'S fou P of fur color in the 

palette. The thj lcJ elf r firslro p 0 fou r colo I 

and the fo nh p I .selects: rt'om the cond gro hown in 
- _ 111e proo:ess repea .[or e ch ucce v I 0 for 

1x 1 tli! 0 ". On ] lin . 1.J5. C'II1 thou In. be 
o e 0 oruy fou r col , '(I; J L] in lin . . k on. ny of 
Lhe siJueen oo1Df'S J n l . . • ' _. '. U .. . it !q u 
.sofl"Ware for 6 a mode Cl.rl rake ad"ranta e of th - o· or- 1, . cU 0 
s . . em· to displ y lotS-color gr.a phLCS on the .same oeen . · Lth 0-

PI . e·1 Vc pcrBtt 
I 

0 Color 1 

1 Color 2 

:2 Color :l 

.J Color 

Color 5 

1 Co Or 6 
PI el .4 

;2 Color i 

COl . B. 

0 Color Q 

I Ccter 10 
91 I 

2 OOlor 

3 C or 12 

0 CQICf 3 

1 COlor 
Px 2 

2 C ' or 15 

3 ColQr 101 

Figur 2-5, 
Color sa ac Of"'! In 640 mod 

Dlsplcy ' a 



To further the number or colors vailable on the displa. • 
rhere C311 be: as many as siJU.een diITe:.rcnt pa.lettes [n use at the sa 
ti fTl.C . E ch or the 200 hon T.orJl 1 lines of pi e1s. C"J.n use :Jmy one or 
the ps ett ,gi n . n ny 256 urn;. rC (colorS 1 on c, I] [}1C 
p:tleue infarm:luOIl memo'ry djaoe.n[ to l e 

pklU rc .and its ilr:l[c ali normally sa lied together. 

JVote: In 320 mode. is ,:I aphics nll opr..ion ilia l enable a 
pro ram to 111 any pcrt.ion or a horizontal line 'ilh a new colo. 
simp1y by $Cuj ng marn r" 1 L'lCS on. lhe bou nd a.de:s (;I f the nu 

reaL indiv.dual wind(W.., U8u Uy don't conlrnl L 
enr.i.re width of the .screen. lhls leclutiqu e is not usefUl Ln a 
Mn. ow nvironmcn On (hI.; f h n I [r you arc wdling a 

' h[ p. ck . h t L • • ct, yuu. mig [ r l (0 
conside.r . .L. .. ;;i ng iL 

Sound capabir 
The. App]e If os has. more po er ful sou nd-generating than 
any prevj QU.s ., pple compu aJ though pro f-ams Liul generate 
50 n wirh the single bil sound OUlpu t of earlier models of the 
Ap 1 11 · m t Il k on t ;\ppk [lG 0 

Sin so n 
The standard Appte II sound Oltl:pUl Cflt'l.(j b l.S ]f , bit I n 
progrnITl5 produce sou Ilds by Jiwilchmg Lha bit on nd 011'. r n. th 

ppl n Iso dju51 Lhe volume of the sou nds generated 
th1.s. W3. y by th ("..on P I Or by mJ.king . ]] to me- :sound 
leO]:i . 

o Ital sv th 
in addition to the old ingfe-hlt OUind 0 pu.t, t ppl IT GS h r 

new digital sound l'slem that indudc.s a specW-p rose 1·ruhe: i er 
Ie called lhe . J ,0 . [or Chlp. or DOC for s h on, The DOC. 
whic is made by E.nsonmq and used in Ihetr line or music 
syn[hCSlZCI'SI gcn r les suuntl from di -laJ samp]es 
8 orcd II RAt f. USl n 1') t: DOC, the Apple l GS can produ cc mu lU· 

11. mu,1I i-\I't)] [Jl L! ic. ...1 (l or com r c,:; sou nd v.,rj [hOll L lying up 
ilS fllajn 
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ur 2-6 
1]1 UGS sound S' em 

Sou d 
G U 

Appk:J liGS flardwafS 
r. nc Tor d{itcll:s abou he 
nd syst9m and e DOC. 

r g, I 2-6' ,10 -, dJ (1; 0 tbt; sound Sya em of the Apple IJGS. 
The ouod sot c OOC; n udio rnpl ifie r nd 
itu:ern:a1 speaker. coMectOt (or: LL :;t;,[ UJ a1 !!ipcaker, 
6 of indepe Rl!J , fo ['til .5DU nd t1 pJ Of th 

cu510m Ie, lh Sound ,r; 0 LC Unit). The 'au fl. 
GLU ip rune ·om estern Ln[Crt:' cc to Lhe adell.on. 
it the pl nGS bilir to ooolIol c volume of sound 
[rom the old-s 1e in te- i. 0 t 

o -
DOC 

-dt" 
c pl ltler 

Sound 
co c:tcr 

"Jnc DOC conlain.1iii 32 ndividu al ill • h of whi } 
ene-rates a !dgnal by SI:e('l ing lh h _ [bl or dlgi't Imp' cs of iJ 

"Ol1 nd. In the pp[.e HGS. one osdUator JS used a..1Oj a dedica [ed doc 
Or t DC nd on t IS TC5Cl"\rcd for fu lu rc le:n 1]8 30 Even 

U10 h h rl m 0 n I uCc ounu ndc: pendenL] Y. takes 
'0 osdll 0 IJ on inuo ' in Lrumcru I voice. 0 in 

normal use DOC C;3 to 1 S \l 

The DOC 1, 0 h in .:lo-_, li ... 
properly ld,n -igi ] Is co ec i Ii\ . ut lO lh 
IDe r e can rem d dlgitaJ or ' 0 _ for ] iter 
p[aymck hy lhe 00 's osciUatofS, au can condition he ign I by 
u jn ro pass Iilrer v,1Ih cuooIT no higher than 1 ' 12 or b, 
' .. 1 -r n ,. m, tc- nd- nu tI drrnll [ 15 synchronlzed lO DOC r 

clock.) 

Soun copob II las 25 



Tbe Apple nos naG. II [It-j n. rc I-rr.mc dOt;;k; with ba[lery back-up 
dunng pow r inlerru ptlons. The llSer sets the r 'nd d Ie by 
m IiIS 0 [I . Control Panel. P roDD . uses the doc to dare _ 
time io nre , 

Nole to del!elDpers.: The App1e lJ GS dock d0e5 not sc til . llmC 
comm nds s [he various llhird-p:il.rty dock peri , 11 U . 
A ppHca - can. 11 PtnDOS "Ild gG[ u,c time th same wa 9..:51 

on an Apple' Uej or they ca.o deQ.e i ne lich ¥Stem they a.re 
ru nn it:"lg On and usc Ihe calls. appT-opriale to l e clock on th I 

26 Chcpter :2: Her d\lJora ' orures 
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28 Chapter 3; ItO fee res 

, is describes e 1/0 .'11 r:l1 nave 00 Lh h 
in Ch p or e rnphas· i.s on, rh :v 

reatlues. You 11 rill u descriptions of the /0 ure t e 
m ilfiU ll/Jpl lias H(J rdWilTE! Refi renee ." n pple lias 

R iferonca 

I/O X Lon slots 
Except for the ·ppl ]lei II odels of the ppfc' Il , ·1/0 
exP:lll510 5lotS orlg nal pple II nd the Appl IT P1u had 
elg I jj m'i:)efed 0 through . gJJ :e Card norm ly 

. i d ro on Lhose machl [!is. 0 t 'r 0 els. mduding c 

.Ie rIGS, the rd IT! . mo wit iII and mere rc only 
s.e\en slots. numbered h 7. 

S Ofs on th GS 
p io 101.8 are designed to e [Ci [t car-ds that 

CO:n1 in hard re and flrmw fC to :0 ["J[rQ] nd cOrrumJ nk'atc: Vtrl [11 
peri pheraJ de"d CBS. '11"1 I 0 Im.ply I/O ports· Ii. c r in 
slOL 5 C' " l do n.d con[J"ol si ruI Lind 
d low- r r 1 of the address bus . . S-+i me , nal,; are 

va LI ]e on aU me slots, e.xccp L fur " e ool.or h rrjer v,rruch is 
onl on s lor 7. In addj Lion to l I om m on i nals I each s]or h .. il 
own :lie I Ct ig I I h ich are separate1 decoded for •. OL The 
SlOLS Of'r! he Apple [1e; :ue , Lmos[ idcnuc It [he tots in an 
A pp e lie. an d can ccc pt most p 1 n rLp heral ds. wo of 
the :slOl sjgnal Inhlbil n · yll I ork dilTcre.nrly on [be 
A pplc 1I GS, U cr i . ne r s[ I M2 elccl; pi . SC . rc;r 0 the 

pple /lGS IIQ,rdware Rifer ce for mor Inform tjOll,) 

r l j ots are con.ccrned, ny ri per I card 
n. C pell'aLe in any sJ ol Howc,,'"Cr. .r In a [ e conventional lo 
e cerLaln cards "n c in:t.l " : or e I lei printer jm rf i 

s]O[ 1, 4 lUeTIn di l 'in lot 3 r :and rusk contra k:r . in -10 5t 5 
nd 6. Even thou ] lcr mooel of A pp! n have St: I/O 

.interfaces bu dl in, corn libtIJ QU ir-es them to have t1:1 e 
kind of pro m cce s, Lha ras orj . n:111 y des· n . for" 
slo[ '. 



Perlp era/-c crtmpaUblli1y: a 1y lhe" low-order 6 b r of 
the 24-bIt .s avall 1 . "pa.nsiClIl sio 

nphe.ral i.r eru.bljng , i nal by decodLn 
d.ress bus. no r in pp e nGS U 1 ;y also 

use on f 5lgnaJs V ri FY l the ad 0 Lh', bus 
is in the r tc 6 X bank for /0 ( [ iS j bank EO). 

Appl 
lnis rT1 molY 5pace.s. allocat -0 

k l EO nd the 

refer to 

. on an 0 r 
out slot memory, 
e. 

01 , 

L tne wythe 
p3IL'\Eon . on all 0 . r c pple [L If rt:: 

Irc.ady famJUar h App e II. ntis [ i w.cll skip h a 
[0 ncxt ction 

111 n icro processor In pp]e U does 1 I 0 through. e 0 
loal.UO . To make lhe C C5sible to the proces Of, parts of the 
memory a 11 ted L ICIRS. tn addi1ion t memo ry 
lac tiom used (0 aU:l1 1/0. the m m ry Space.1iiI fo 
pro r mmable m ry t) and for re -onJy memory (RD. 

rds as desc' d 

1/0 :qx:l r\9 0 slots :2 . 



PRO M a, 0 pro ramm (Ii 

mom0lo/. a , po of' 
M dovlc:o' d slg ne (] b 

progrcmm d eft'or 10 cCltlon. 
nllk or cry ' 0 ' (] \lIe D5, 

whle 1Ur9 procromm Bel durl III 
100 coHon, 

SID ' 1/0 , ac . 
ns'on slot the c ill LV usc or 16 _ om ry ' 0 .tl 

(or p [and 0 lpu The 1 fi 1ocat[nns .or a yen have, 
addresses SC08x sO. where x .stand.s for hexadecimal values rom 0 
10 fi and s stands for me :slot number. "'Igurc 3- - ows 
, lIu .r:l,Uon of 1/0 ddrt:s:s.es _ M ror e>l; rr the 1)0 

. Of ;3 _ fie COHO- CORE Whene\'eI' one Df lho...;;e 
p. C1 h .a . s th ·IOl h Id Ie actl tes 

the sele s.i nal in that The drcuLlS on the card can use 
!he dcvk' selcOl. si nat and Lhe low-order four bJ[5 of t:: dUress to 
acli [C dcvic ' . on the rd, 

SCOFF 

sea 
SCOEO 

seO'DO 

SCClCO 

sease 
SCOA 

SC09 

scoeo , 

Igu - ' -1 

01 ., 10 

Slo I!! I/O 

01 fi 1/0 

SIc 41 I/O 

SJor ;3 110 

Sot, 2 110 

Slo I .'0 
(Sy! em) 

Sio 1/0 d evlr::e loco Or1:S 

' 0 M :spcu;:e 
, C l C); p;a nskm slo h s the exd sive 1.1 se 0 onE 256-byte page of 

m mory , 0 1 phe 1 cards use lh1s space for ROt'l o.r 
p 0 r . tortfl . driver routine l1lal t::onu-ols Lh" opera l[on of 
the periphcraJ de ke. 

The 256 ROM 10 lions r or a . L\oren .slot have addrc:.s:ses wh "rc 
s stands for Lhe slCll IlU moor. F' urc 3-2 ·hOW'S l _ J 1l )Clulon. or RO.IVl 
adclrcs5cs r or lht:. blot : ro, e . ,I t1pl'e. 'the ROM addre;ses ,for SlOl 3 

.C OO-Sc. Ff'. Whene-ver one of those addresses appe .s on e 
s. U I me " IOl h rdware acti [es lhc - a selcc( i:n '1 i In 

L TInt e.nab[ , is ROM de 'Vim on. r r1 lhe low-
order e[ , 'L b[r.s of the adw-e.s.s bus determine h . dl of l C 2:56 
locations is ocln IltklfC.:J.S{:d 



SCF 

see 0 

SC70 

se6 eO 

sceo 
SC "0 

SC300 

SC200 

SC 100 

CO I{] 

Figu e -2 

EXpOn51o.n ROM 

Ie 1 ROM 

o ROM loca 0 

E.x,pO nsio RO, r spaee 
Ln deli lion Eo the sm J I :l rc S 0 r rn mory ] located lo ea ch 10 l, 
[hcrc i . ' 2K memory S p3 ce fro C60 10 C' I' Lh ( n be used 
bad La ny lut. ore th n one perl pc · l c 
e ·pa ru [on RQ 0 i I U [ nly one of Ihem can 
rime. 

Each card s· nsj on RO,(l.,1: on Ll 1'1 t 31 ve d rru LL (hal 
uses Lhe:! I/O sclc:o n , [/0 5[ro I sig nals 011 Ihe slOl W. en 1· l c 
R J.] C' card fllU t aL (0 dLs::l bee ROfl.l 0 t1 

Cr can use Lhc sa L1C a for 11 dr c pansion 

I/O expansion s s J 



SIO RAM :space 
io lac! Li.oIlS allOCll.ed for d rvic on p riptIe .. 1 

r 1 fi w locatlon..s main memory rc . rve ro i:' " jJ t'iable5i 
eo by Ihe pen phcra}..,card [au dnes. These loc ,t.i OIlS are the 

5creeo hole . Each aiOl ge{5 0 yt ' in e ch of the s.mall 
blocks of text-page . IT ory 1 sho n ill figure ,3 ;3. To dctc..rminc 
the addJ-ci.scs of lh RAM oom; 3l8.SLgned [0 'i1 pardrular 
5]0[. dd th· slot niJ r to Ih stHt[n .ilJddr sses of blocks. ·or 

am pl. RA t 10 , Uons for IOl 1 arc 0 791 0579. 
05F9. 0 F9. .0779. andD [=9. 

Screen holes: The ext dis p[a r buITer (text ] ge 1) occu pi 
memoryr [rom 00 to 07 a.. 1 but' rc 1 f.)C:3JtiO.t1S in !hal 
range rh I iii nch c r' ispl: )'ed n.or tnodified by the firmwjlrc' 

, pl · Y I."nuLine (fot' example. COUT). nose 10' ·cn 
called the SCl'CCn ho]es. and Eire used [Of tAmp) .,.. torage 
etlhcr by 1/0 .rOUll n cs ru ing J LL , .['j phe . l-card no '1 or by 
fi rmw rc ' inC1.l ad es.scd as Lf they l n card 
(App!Jcation pro ra.ms 11C\'cr usc th is r" of rJlCn: oryJ 

S 0/80 S50/CO 

S 780 1&1( ow "I' Text rO'lrtl 15 

SC7 0 Textt row 6 

SDaBO Te. ow 5 
S 06 . D row 

S761 F3 

roW 20 

Hoi I 

Hel :5 

Hole 

SC5 ac T Qxt raw J T g:d' row 1 1 roW 1 Q Holes 

$0500 Text (ow:2 Text row 1 C T;rl row So HOI e 

S04a.tl row 'ill 17 Hole 

S1FjFF 

.......... .................... 
SO Q Tal( r:iW 8 T xt row 16 Ho M 

Figure .3-3 
:Scree hole loco tio 



Tl" e IJGs Ht;Jfdwaro 
1;'e!a,renCD' en d' g ec 

renr:; man ols for the 
Ap 110 0 d the Ap e tiL: 

:5crlb n dotall riW C 
P rlphorcl cad rou 1 e g Lies 
ooou dg. Qrmln ng lhi 
number 

Th:e Apt:J.'a Owner':i Guido 
1\,les CI c: ample e d "crlp 0 ()" 

11"Ie LJS!I:P Or the Con ToO Penal 

th S ot numb . 
The ROM routines 011 pc rLp ral rd arlen need to knuw which 
s.lot the card is m_ One wa do !:his IS [0 execute _ JSR Gll mp to 
ubrouunc) ill5lruCUOn Lo locatio!] whh an RTS (re[UfJl rrom 
ubroulinc) i slruclion in H, then g£L the relurn ;a;ddress from the 

.9 tack and derive U1 1.r [. num r (rom th I U5Lng the r orrnuJ gLrve:O 
abo e in the earl Ler section ·S]ot ROM Sp ace. 

Ser a I/O ports 
The' pp lc ll['.S h s two bu in serial ports that can substitute for 
SiloLS 1 and 2 ny' us fng th Cornrul Panel desk accessory, lhe user. 
Cln se]ect eLu,er the built-Lfl rt Or In c _rd rorilln::-r slo'L A buill-
in PClr[ can operate while ' ere Ls a perfphe c rd into the 
cones ondi n lotI bUl lh pan and 'the oud cannol both run t lhe 
s.ame tlitl _. 

111 h.ard..:a.t+ re fur the ·n 1 ports consists or a l"NO-channel SerIal 
Cornrm..LnjcaUorui Convener (7.Jlog 8530) nd R5-122 driver IC5 
connected so as to be campatlb1e · ith R.S-2}2 d vices. The 
ri r . for lht' pons emuhnes rhe fu ncti.OI1S of 'the . u'per S ri I 
Card .nd th lie riill-pan flrmwillc. The nnnwa:re provLdes 
inpu t and au [ - buITeri ns " w 11 5 b ckgmund pIi rning. a.s; 
described he] ow . 

.. ports a re normal ly confi Llred such th t port is pri nlcr pan 
and po 2 ·j Cumm u nLCJ Lions pan, but elrhe:r po IT can be 
configu d eLther a. y using the Con rolf ncl desk cc ssory. 

liv ·IYI the us.e..r can connec' elt lel' nne or th . to 
App1eTaJ k: set: the StctiOJ1 N App elalk Interface Ii later in dlifi 
.chapter.) 

App Ie I sa po S 

Apj;Je II· This. secU on de..liJcr":'IC!'S 1 e Y Ihe en 1 puns work in 
r:Hht: r muJcI:s. of the A n. ]f you are [ m.B::u \1.,fLth . he 
[ pt:l" Lion c Apple Su per Sc:ri iLl Card or lhe serial ports on 
l.h ppJ n. yOLJ ml t S 'tVC1I "ip head lo thE seCl..ion New 
Seriai POri Fe. L res." 

Sa lal 1/0 ports 3;3 



oeD. D5_ • O-nd DTR'siOrL(! or 
data camOf a 10 sal 
ff.JQf;/'y. d 00.0 f'e/mln01/eady. 
respectlvoly, whlc.h Qr nornG-s 
c 19nc 0 the! 101 pots 
XON and' iJ1 two c:o trol 
c:horocter . I/O oirlver routln as" 

thoae.51 nol Of those 
chorCicters fo ondll'l okh,,,, , 
1 hat 19. control Ing 1"1"'1 
o dc:r-c b n t e com,:J e' 
(l Q pre r pno 01 dovlOIJ , 

34 Chapte r 3! 110 features 

This :semon dc.5c:ribes ih 'hi .c unctiofi.fIj; of the rial ,va 
Tn os II neli on '_ t , .s me on !be Apple IIG S as on oilier 

ppl Jr' w rth b nt-in pol'Ui, even thou gh, their hardware 
is djfferellL far complele descrjplions or t 

pons, rerer lo the manu Apple J RejenmClJ. 
Bolh se:rLill poru are gene ] purpos.c lJa po mp Lillle ith, 
R -232 5Landard dcvtcc.s. Sed l p n 1 i set up as an cnjtpu t 
pon for prl r'1 t 'r or no .ri port 2. as a, communications 
po ror modem.: T 3-1 shows the The user can 
change the characteristics of ei Lhe [" port by usi ng th Co P n.e1 
de.sk cccssory.i n ppl i ti on n cl n POrt rna by 
me of comm n. umm· rLz,ed in Table :] and described 
ruJly i the pple lies Ft . ware Rcfewmce. 

3 1 
In' 01 for serial ports 

chara c t rls'le 
Line length 
Del '[ Hn feed r r ca rt retu rn? 
_ dd J I n:e reed retum.? 

Echo output ro elig ph.y scr-een] 
Bufferin,g on? 
D la [1 nsmisslon 
'"urn t of d t:a bit! 

Numbe r of stop birs 
Type of parity chc:cklng 
DCD · type handshakio II erulbted? 
D h n h ki ng 3 I ? 
XON/XO ,P ha nds h akin enablec:P 
('..om , a nd cha rae te , 

Pori 1 
U, I rn,Hed 
.0 
Yes 
.· 0 

· 0 
9600 baud 
S. 
1 
Non 
Yes 
' c5 
No 
Conll'ol -l 

Pert :2 

::\"0 
No 
No 

n 
1200 b3Ud 
.e 
1 
None 
Yes 

N _. 0 

Conlrol .. A 

"he Col1lrol the comm.and clw ¥ou dl ange the 
com n _ n ch:ar _ t! bys.efld Inl the curren: ' command 
by CD!lIJoi dumder, which ,the=: comm [Jj ch F 
mote JnfOrm e: th followln secHon. 

Serial port c: ommands 
Th re are t.wo . y 0 conlroUlnB a serial paIL One. way, commonly 
used. b Apple£(] fl programs. or from Lh.c Morular', Is lO acr..]v I.e 
pan or is IDl by of the lnpuL iI n PrinlC r co naSi "hown. 
jn blc 3-2, nO rnc::n end COl11fn U L-h. racte fn e output 
stre ,. shown [n Table 3-3, 



mpcr 

J .3 ' C d 5. e. 
ends or ho po . 

her r 2. 

OIf'L of' ronlIolli 
La nd.ardj.ze,.j fi 

Tab 
I 

r1nB 

nD 

1 

o u 
. eo s of ' 

)c, S Eli 

i r. 
lput on p 

r comma 

o 110 common s. 

lni . width ' nnn 

ud ["il [0 one of 15 

'c carr a e re 

diS! urbul 

Control 
ontr J-

reo 

s lecled 

un 9ljdLh 

• 6 

t 

1 screen 

K Di. I rn U( Un Ii darte 

rJ I 1/0 poJt 

or 



For com plato dO$Crlp ton5 0 
In.tar1cee.s 0 h.SI ,serJal I/O 

mwor9., rG ilr Q tho AppJB lJGS 
ArmWCJrQl Rere1erJ<cG. 
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Tabl - 3- 3 (cont nued) 
Summery of 1/0 comrrw:ulds 

Commana 

L 

nP 

Q 

R 

T 

z 
Tab 3· ' 

o scl1pllon 

G n r t.C ulOrn tic t"I • fe - ft r u mage rerum 

sk oul (del' t<:) j n cominS Ii 11t:-r. e. ch 

(p rhy as scI tted by n. .Parity can be even. odd. 
rn rk. sp:aC". or none. 

QuLl (turn om terminal mode 

pOI"t 

Send a brea k ch er 

nLer t Tmln · I mod 

urn on XO . OFF 110 protocol 

Zap 0 nore) fu nher comma mis until ConLIol·Re8et 

A' ress loco 0 ror BASIC protoc 01 

Adrua,s 

CsOO 
. C&05 

Tab'l 3 .. i 

0. crlpllon 

. lio routine { [ U outpu. 
Rc d __ ell· cter 
WrHe a rnaracJ:er 

A<J dress loco . ns. for PClscQI 1.1 

SC&OD 
SCsOE 
$CsOF 
$C510 
$Cs12 

a etc ini lion ro tin (pIntl) 
Offset to read fou[Jne (PRead) 
OITsel to wrile J'lol..Hjne (PWrile) 
Offsel 10 Slalus fOU Ll.t1e (PStlrus) 
Ofrset to con trol rou{j fl" for ext n d·d in ' C" 

o Nme,· To oblilln addfC5S of me dcatrcJ rau tm ". rca the 
Drrset byte from e addte s gL Yen in Lhe table , nd add it lD the 
slot $CsoO. To use the extended j nterface. set up a 
command list nd Ihcn use :III JSR to jump Lo Lhe :lddress of Lhe 
on(rol routio ... , s des ("Hx: I in It Apple liGS Innwar.e 

Rej{JT{]'n 



ermTingl e . g _ QJI1 

The \ :pI QGS nnnw 
works like the In Lhe 

. mutation pa 
cOmIJlarJd slIi 
eli p] y, 

The user p lSi I..he ' 1e JIGS, l rmi _ 1 mod - throu 
lIucrf: ce by typin 

LN gC 

where .s is the rt. n ! , _ C c cumm ch 
fOJ:" the printer port or 0 1:' 

1.ht 

ASIC 

c:n:::r . usuall 

port:), ' c ]eRe! ·. !:he termirJ ill cornrnand, as s ho n in Tab 
"'0 

-3, 
o quj fm o! (I user r p 5 Lh comm nd character 

followed b . . the Ie Q. th · Q it , I n 

\Vhen running l:et'ffii ' 1 iT. I lOr _ 't i 
finnl\!' I bu IT e rL fearn res (described 

u:se me 
los1 , 

The 

L1 

D back row p 

y sr:rn1li n , 

es 

n c 
fean.ues. inclu.· 

end new fcarures m 
'r nill C rd and e 

D buiJ·m AppleTaJ tf: 

This se ion d turCS briel1y; for more 
inrormarJ:on, refer to the _ _J pp If. F:tm "rn 

iO b _ 

JiS 

an 
10 

su ppo in pu r .nd output buffe in . Each 
n ou [p l b m. f . he deE ult buffer si.ze 

th umory Mana r b l 
o6K) pss e 

Sa J' 1/0 ports .37 



pp "Tal 15 Appf 8 's 
r'! F.I'PNo Pi: or lJJ so Wil 9 (l net 
mog9Writer ,.. II prl .... ,sr CI d 
Apo Q II cna Mccln O!I'\ 
com pute s. lJke I he c:cr rQ5 , 
he A!;:J e S-4i t: s e 

In tet rOi: e b In 

A Q'Y "un ot: a: s wherl 
P :elta come! fene nCln 

the computer ,can (l.:cept I _ 

38 Chop er 1/0 reo as, 

There are foor wafs to nun on bufTering; 
D f rem p nc'l 

o rll'om the· keyboa fter ilie AppIesoft PH ' command 
D ff'Om an 'ii pp licati OJ] by a comma.nd in 'the- outpLll stre m 
D from . .t1 :3 pplicati on hy Dmm nd to 
Output buffering pu [.5 ch JPO (fi.-sH firS-{ -out) queue 
n ' Ie output buff n"n m on to "h Olfp il ' i 

when v II . r J np" t buITerin ' den into a queue in. 
the lnpu l b O'er and responds to calls to Lbe ,firmware's Read routine 
"With char:a.cr.c·r5 r rom the: queue 

A.hhough the appl Lca r..i on is nol involved tn lh Intcrru pl pr0CC55 
lh ['11m rc U5CS to support buU lhe a ppH [jon r keep 
t1':a of bu fret cU Hy " , m kin extended-in'te . ace that tern t'n 
the number or characters [n rile in put queue or me amount of space 
left j n the output qucu ,(11Josc 11 re I cl OUlQS " 

reI' lO rh . Apple I/GS F:rm re Refenm.ce ror d 

Olckgro un d printing 
'''e can .send .a block of rn cteffi ouT scri 1 port w'bH 
-n pp1i(;ation is, running. Thlli ba' kgroun.d printing. imil r to 
o lpu b" ro· "n . pt I t Ih rltmre c p ', [ r8J nu . r or 
ch , _ ClefS alJ ' _ t once os e d or Ihem one L lin"!! Wh n 
Lhe fd"t.llliware the la...;;r character in fue output .ITe..r. it caJts. 
:ill recharge routine . .sUo ppLied by the that refills Lhe 
bull t, with norm 1 buffering. t rion r'I ci ' f . 

default 2K bLlITer [,II' reques its awn ITer 0 p to &4K from the 
Mem ory " :a nager. 

App:[eTalk lnt ac' 

The "r ell oonnea. ' e A '_ T . '. ctwor'k to 'ther on . of he 
se . a1 port n d .c:U 9 te i ' by means or the: Control P n.el 
des'k a;o::essol"!r". A!t any given lIme. omy two of mree I/O 
functLon5- 1\ p pleT lk I serial pori II selial pan a n be active. 
rnl Conlrol Pan 'I ens fC5 Lh on serf I pm1 j' m" d i oL 

hen Appl T;ilk 1ecred.) 
So lh r um Apprc IlG cian Appfc:T 1 ' I Ill' cIVic 
ro r deslgr cd 10 [(:Spond to the sed I-port haHJwil ru: "1 
'1'1oog' lO prcdudC' ta 0\ [ -." Ii 1 n a dition. · h rdlV3 (hncr 

,gene leS system interrupt our Li es a second [0 n b1c rn 
pleTal k fI _ iy\ , re to C iir ou.t ne twotk ope If OM. 



itv 

me same :LoiiI 

pre ms 1'-n 
pons on lhe Ap 

imiJ r [0 

dally com u i tin 
com rn nd go dire 

o i." 

are compallbl 

flr.mware can 

8 .] 

the 

ri -I r re more Ii ei 
lib wuh Lhe 

d 

e Im are 

. r b}f mo - j n 0 

111 I 
The di k p 
and can hal u 

vcs can include 

b 

o L'.lQ UruD k drlv I n 
driv . 

.rm-ware lake.} he I 
n-hole loc-alions fc th 

on on 

j][ n pon 
ir COMe! t Ii flne wi ' Di · U 

rd nstaUe in 

Built-I drs por 3 



00 I .$110 or - oDI lm load, 
CI form ggettlov6 c r e' 
cl cutty of I tiC! locCll c 
loado programs. Into {lor V 
camp s at ·1 hQV 
b It .. 1 flrmware In RO M. 

A bloc It 1/0 devfc. r 
Wl'lte I t'crma en f'I 0 g IJ nl:z d 
groups colleo block5. CQlry 
:5 12' byta.s. A dJ 'Y 0 block 

Coopt r 3: 110 feotur,es 

AfJpl n; e flies t [ofm of d r.s . Mor g ana ble [or I..he 
pJ.e D corusi.s[,ed of Disk If OOr'JlroUer cards :and Dis U • .J..d\o'c5" 

usin 5.2; Inch floppy . -1<.5 ilh] 3K storage apaci[y. ch 
conlIoUcr d 0 ld handle one or two drivC5i ror rno man 
lwois dl'nve. you needed adffiLion I controlle1 cards.. The 
nnvf-Il'ltjonal location for lhe fI rst t rd as slot 6· lhe 
f!cond card wenl In S]Ol 5, F r in t-I . l] din (boo In from 

Ihe sta rtup fOUUnc in th . nr W"a tarted ·th 51o[ 7 and 
tried successively 10 r-numb re lots unLll .it found CUlt 'Wi 
disk conLIoll ·r c rd in it f sr O! 3i e for Lbe Apple II Vii 

des l,Rncd La us's] ' 6. 1. a.s its startup rui'lfe, On mr 
recen[ App1c thlol have a dbk interf .• l' e lo and 
dr\ c.: nOr cl u re is less m canj ngfu I. bu [ It i ti It the 

I II tion beLa use 50 m ny pro r m . n d mat W':ily ar 
. I in use. 

The ' k-port firmwilfc rLV' ddre.ssed;yj Inlc rna! ;s10lli 5 
and 6, You rnn lso ' U a disk int.e.rfa ce c r in slot 6 rt d h' ve 
lwo I drives (alLhougn you c use ;aU the 
rlri\l'e.s l [ the .same 1i me, p ou rl ont A pp!e IJGS from r 
tn elthc r m-h Conu:ol P ne.l e.s k ry. Y n. 

"[ 'rrrt w Lhe.1I' """ ill 1 (;1[ I' m.e deviCJe in 
slOl 5. in slot 6. or sc n r' r a specified stel. 

111 disk-port firmware Iso (:00[1'0 I RA 5. 3 block .. stor:igc device: 
e.rnulated i.n flo\! '1 and t: lLV ·d· s . I.ot 5. d!['lIe 2. When I (AJ.. 5 I 
o1Jctive, Lhc nrm n; the . econd 3.5-inc::h d isk drive 
slOl ri 1, • IPplc lIes Ff rfnw J HIJ'fi C r ' 
bou L RAJ 1 d [sk, 

s Protocol COny fer 
Srna.rtPQrL is a SCt of ng a routines 'used 10 suppar 
h DC.IIO e TIle ma tPon firmw:uc includ l Pro OCQl 
Convcr er ,l'e sed ill the App]c lc ,5 RO,M 
SntarlPo upporu. , .1'- -Pnch riv·. l r . Apple 3., drives, up 
to 1 Z7 nlD tsk 3 S ciriv n' lJ1e d· k ,tolu me 11 5. 
dis .. port I To n h ndJe 



foU · 
m k ca 15 to the n a 
n.5; 

o obtainin . tt In a:rm ti on boo l a devtce 
Cl deVLLe 

l m<!dium in a devIce 

o r:eadi vice 
[:J lo a device 

cu nlro1 inIorma Uon vi • 

rrorm the 

C Its [0 Sm nPorl use Lhe s me me Pasc-aJ 1.1. 
u .J1'l r'L7. d in mle ·· 5. eJ{cept t.h v I S Ie in me sio 

locaaLo.n , Fa' 01'11 lete We rmalion:3 ou l Sm I[' to the 
manu aJ Apple IfGS F nnurare R 'tfi ceo 

Th a cannecto., d for one 0 
of rol1 C's or game p ddl, ., r wo joysticks, a 

r-a p iC.iiii t I , r similar VO de ice din (or wjtb 
Ap p[e n 

N e.' Si mila I:' UO d i designed for the AI' 1 rIGS an 
connected to the 8 To Btl s. dEs.cn . in next 

lion. 
I e the .. p le 11( , pplc UC;S has two 

9 pin minj e.- D }' '" con ector on the back pa 
DIP :tioe [on lM main cir-rujl boo i L e r:-iil.SC. fhe 9 pin 
con e or 1 s our analo Inputs ( eo r h nd conlrnUers or jn 
p:'"ill-s or. jo·slick). fCC bull n in UU5. po · 1', . n wound The 
16.pifll socket h s I n1 Igll Js .5 the 9· pin con o. 1 ii 
S be. nd rOUl sin 01..1 pu ts, 

A I U 
l11c pple Dc..'i Top n u· I crt is a simple . 0 '0 
. I ff crcnt bu t led iii netio , I primary ru nction is [0 r'J 
ill1 ... lig t·u pport rOf the Ire board ild tft Dc '1<ro Bus ffiOI..l.Se. n 

pro ' i onvcnjcnt way 10 con nett ·d m n 1 inpu l devices, 
u ch s. hand ron trol hi . b1clS, nu mertC ke 'pa: '1 L\ 
th r c"r'boarm. 

Ap De To. Bus: 



A. OIN conn ctor 1- 0 pe 01 
c en'"'! ctClf Wi mUlflp: e p ns 
InsJde a round outo ,shl d. The 
Inlt1al9 DIN !i cr d f Dr:;autSc:'he 
Irldustfls Cl E opecn 

10 dards orgcnlz en 

fna ,Dvorc It ryp ewrlte 
keyboa d. also. cal ad ' e New. 
AmerfCan StQndorct Key-ooad. 
n a Its Ie ay a ranged en a ' 
It l mora a::Le to wa than 
1ne more C ommM Ow (for 
tne fir I line or ey!) iIl.e bocrc:l 
c rc.ngemel"Lt 

The De.s.kTop Bus is :l seri , inlcrf (n slaIldard serial va port:) 
1leU is COJ1uol1cd by i ' own uilL-j n microprocessor me ppl 

kTop (ADB) mic:rocon troUe r. Des Top nu Vl uS 
in .. , - n.. ive (oar-collduaor 'nd n r-pl n min [am t'e DIN 
connectors.. AddlLiona 1 devi onnect parallel with deVLGCS 
-already ins( n -rji orne d.evJces. such as rhe del ' hed keyboaro, 
In lu "_ ck ror cnnnecling The renl types of 

VL _ ve ruff e.rent jdenrinera:j if m rc - wo · 0 Lhe 
]T\ type. !the ADS rrucrocontro Uer Lhem. different 

de ntlJie rs. 

D. tcched keyboa 'd 
The Ap p GS key'bo ,nj j the new standard dtt met! 
keyboard, 11 c n LW keyboard layout indLldc:s scvcrnJ 
enhance most nollhly a num.enc kcypa . It so conform..'\. to 
ElJ rope Ii. standards Jl the s ha pc and posi [1 on or the' Return and 
Shin keys. 

Th· 1-' Ie Oe.s,K'J op Bus mictocontroll DB. mlc:roCOJ11ro1ie r) 
sup ports the t.ief..ac:nc:d kcyoo provlding ba..';iic scanning and 
encoding along, wil ' pcci I reatu re.;;; such as a type ahead bu IT. r" 
"11 •. ADB Il1!CtOCOWOUeI supports ejght diffcrcnl k 
la you'tS. making r to]o 1 the pple IIOS for other 

-I AD D microc-o" troUer Iso 5U ppOI1.S Dvor 
rd I yout. ieh the use! can se led. br me ru; of [he Co.n rol 

ncl desk r:.: . '"'Dry. 

Wi th lhe Ap pre IlGS Upgrade j r1.S1.3llcd in n 1 ppJc ne. me ADB 
mi Cf'oconl1'nller ,5 pparts the bUI]t· jn kcybo,u rJ prol,-tLdJ fig th e :a;anle 

that are avaibble with Lhe del d cd keyboard 

1he Dc:skTop Bus prtwi"s im roved interface for 
Appl s " li.hhough Lhe act aJ mOll hard"",'arc is unHk tn 1 
on either the Apple He . pplcJt.. OUSC rd or L ,p pIe He. the 
ca] ling arc Ihe S met s r QU i 'ed .for pro am 
camp' 

A2, Chapte 3: I/O r 0 ture$ 



or;Jplleo IOn usr g e 
Top 8us. th 'r 0 a Top 

Bi.4 tOQI et S eChO ler 5 to' 
ot In 0 [] 

PP]eJ UUS con Ins mi onu-oller 
0\1 <me nl of c mouse [0 -or-minus . 3 i.ncreIlle 

nd r1.5 m lnform lio [0 the D k"'" IJp B 't ' [ ' 

o the t.h OL.LSe rOll rL tn Lh , rm . re, Uk the A ouse 
c" rd for IDe Ape II (3 n. ' unlike th mo\.1Se in rfi 00 on 

pp e lie). the .DB COIltroll r redlJ..Lc he bur.fl l op.e Uon 
Lhe :rnou p] ce n the nl:l roresso I ' :!:i descrJh' in lh exl 

. 

Des 0 B s f rmw " 
TIl 

. 
J input de\l'J "OJ 

m , 

n 
operat 1 mous [ mU5jj • 

'rrupleti, 

Fo infor Op€i3 Jon 0 ' p I DcskT 
B I r LO lh m nuaJ pp llGS F nnw ife e. T find 
OI,J t J ow to c t:ct a CVLCC [0 Lh bus, ren r to the fJl-f:Jle DGS 
IlaT 1 ''l ceo 

Appl skTcp B 43 





r . 
. . f .·5 
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he Degc Manager len 
controlS des!!: Clcr;:e so e , ! 
dex: ibed In CI"'IClp1 e ." T 
Appr r GS Too o)C r The 
. Wft t GS GWO'e 
d x.rlb 1 he op c;tlon or t 
C QI Porll::!1 b'f e use he 
Ap IS' fiGS AJmWCi're Reference 

the opere 0 0 
Con 01 Pan v on CI fleotlon 

The Apple I GS to l or ] '22iK byres or RO Of Ii I:'m'Na 
perm nen) ident programs. 111<:: n rmwa [' the 

fe tufeS= 
r:I dri programs for bu ' I [-! 1/0 ort5 
o resicicn{ k . 1i pries 

o 
o Monflor I/O to tine 

idcnl too1bo 
Ll App]eso rl BASlC i n [c .r 

This Chapter esO"[res only lht: rC!:ioid"n tesk c 0 jes. Lhe 
. onitor, and Lhe A1orutor I/O r Th ui]L-1n 10 pons are 
described 111 !..he prc-vaous c . pte , 111· Is e.s.c.ri d jn 
Chapter 5 a tl ill 0 e 'lpple lIes TDOlbox Rt.:feretlca. Vo]umcs 1 
nd ") , pplcsOrl 11'1 IC has irs 0 rn n:.anu:als: Applesofl 1" 
ppJeso./l R ife1it:.n.ce A1an.I,lai, and BA 'Ie J 'lJ,RT mn Will 

.ProDOS. 

t sk c essories 
D k ece5.50ries arc progr , ] an. that the user n 
m nvokc perform rome immcdj h; I S w nen orne larger pragr:lffi 
i ng. When I e: dc.s; s ory is. Ln· shed r the lnl:.e rru pled 
pro ram can conli:nue:, lvst . sk ccessories a.re foadcd from c,J"sk 

n r i RAJ.,. but mere are lwo lh rc perm n Ll '!I residen t 
j n ROJ\,1 the Centrol f ncl n th hem te D i.spla Y ode:. 

Co ro1 P = ne 
The Con Lrol L"fnane 1"C5j dc.sk I the 
!.eLSe r . n, [nli/o ke h ile anothcr prog i {,I.I M [n ,The 
Panel enables the. user to s . tf y the 01 eraung for till,;; 
following f Ll nCli 0 

o 1/0, ri c Dr modem. hnc u d rate. nd so on 

o dLs L y: a or colors r()r lC I b kgro nd r and 
ord r 

o pjlch "-"CI1umc or sou.nd to usc for bell 
ope in. p Ad.' I MlIz 0 ,2. .MHz 

o sl 10 i un.: i n rflal ports or pedpbcrn 1 . ,. 

Chop ElF : Flrmwore F atur 



LI 

o r 0 rOt ke 
b in ,- 'k; Lime. an t.c 

corn 
ispJa 

p ges . 

at Cis 
, a mall n - f C roo tine can be 
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Th Monilor Js ii buih-In uLilil rnu enablCB · pro rammer to 
examine cooe. n <it t in memory and 1..0 xe te mona of lh 
rode. 111' .fi,foC"lrlor ro ram occupics :memory in RON bank 
sta nLrt< 1 cation . 'FF69 (1 '1). TtL . t pan of ROM is map' d into 
ba ks 0 and 0] by U I I . e-c:ard wh n, pp]e.snft 
BASIC or olhcr :s [ _ d}\ ppJe U progr _ re runnin . One w y 
10 in,"ok 0 l onilor is to have p pJesoft running and [ pe 
ct:!.. -151 

W'hen lheO ito UI runnin • [be p ["ompt character is n 
M 'When you are Lntsh ,the ·1 oru to rj you [urn 0 
A P by press; n or ContI:' 1-C. 

TIl doo.s not suppa t e desktop u [" . rue rfa ce. To give a 
command [0 on; (O! on typ3 :a lin 0 1 Lhe ke ard and pr S.'S 

Ret rn. Com nds canlain three khlds or infofffiiulOrI= dcJ 
Or I V I . nd comrnan ch e r . ddresse.s re in 
e cirn ]UCiJ; n in hexaded m. I Or in the m of 
.sc n ch:a racte [5. 

anito comma ds 
Apple ll; "I1Li ec.tion describes r C,,-Uu res ! ha re common to 
th . M prog.r.a.rns on all rna cJ of the Apple J 1. If you a,re 
I ad r:uniliar the MOilitor. you might as w -n ,kip ahead 
o the section . W 0 rum Features 

IJke the ]on'lor p in II other rno c1 f the ple 11. lhc 
. UGS anita! allows proy mm "'r to ope.rale on prog mS [n 
ory at n.he lOll,res L le'llcl TI [tOf inducies [ns 0 to 

(] dtspl y the co nit;.: nlS or memory]o 'Lion 

o display ng r me.mory 10caLion5 
o tore v lues starting .. L I I a 
o r pi y the contenLS of t 
C1 1'1 iig the contenlB of r gi t'S 

o move b[o of rnCIl"r101Y 

D rom . rc C ri Fy) l '0 b1000 of me: rnory 
D dircc[ au to port or slot tI1 

:accep mpul on sJOL r 

e ern te progr m co at loe tio 
o dJ . om I e stall'Lin at rio 
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o X[CI d 'Ll me 
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, pp]c ]J mini .. 

New com ends 

ddfe8. in 

Ie 

. iuns of th 
hich are '5cribed 

Th Apple lIes It. oniro h t .. m n. nn- Yo comm d " Amon tf'lcm 
rc cnmm nds [J 

Cl .rve n 
o 256 b r[eS. In 

o ( 'PI with e 

m' ke a ca 11 10 Ule Tool toca Lor 

o tnJt:: n , 'l1c re isr r 

o cnlcr f\ . Lil c.h r;:t c[ 'roS rrorrl 'yb rd LI to memory 
. 11 co r th ' rcal-LiJ 1 • clock 

o 011'" c rt he.:.: a am;] I t Ucclmal r vice Ve.L a 
Mool rJ pI.:: f fm "'... btl - d iLion. . u [r ellen I rn J (j plica ion, nd 

(J I ',ns;j on 
o t fCCl n lLve n 'mulation m des 

mmproved d p ClV 
1: 13 ny L rut' ,[ njn t comm iltls dis [ Y L C cOl1f u tJ of 

rna.j n the , The form l of th . dis pia :s een 
J 11 pro\ I;) they now Lndud - Lh he 3 C irnal 3 n , Sell 9.1 . '" 

Ex tend d emQrv addressin ' 
! J he A rr c JJ - M ['] iLor S l J ports. all 
nlJ aorJ' ll • .'cssor, I luciin, 1 l 
TIt com,n" d 5, n 

d · r' 5 (delimited 

ft:atu of e ne SC8H) 
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52 Chap gr 

Th va lli.nkB a (wo-byl 10Cillions 0036 and 0038 in 
b 00; · Fi re 4- . The 1 [rtk oca:tion 003() l5 ili 

rned CSW'. for cluJTt2C' " (0 tUpU V s '. "e . It hoI 
address of the subf:\ou line lhal 'h nell 1 .-ch · r 0 1t 
When you issue a PR n ' m m n roc ,pp es.ort or an 
n Cont.ra - Jr. on[lOt, the fi mwue changes the ddrC5:5 
n " II nk 10 ' "e r. -ad.drel in the ROM space allocate " 10 slot 

rt nu n.. 11 seq eot caJls '0 ilie outpu r link 
nsrerred the Ii t"mware a!iSOO21cd 'Wi [] t ' 10l or pon, \"{1hen 

yo issue a PR 0 or 0 eon ro -. "' _ flil' , te' rile slOl 
ROL ' add..-L"SS at CSW w i ' . or lhe in[fillal Qutp. r routine. 

The link at 15 - inpul " :n med K • for 
keyixKlrd (f . U 1 swti .". tke "' t _ ' 1 Enk. b. flot"matiy hokls lhe 

nl ' ndard rouline--in rhis cas. i Ihe rau li fie for 
pu l 'When you issue' an IN' , n Ornm _ l' 

or an n Con t. 01-' from lh OELLcor "he firm, 'are 
changes til il . , in . in 0 line l"ir. l address in the KG space 
r H red 10 ' lo[ Of POU flU m'ber n. . uhseque.nr ,ca119 to the jn l Ii nk 
are thus uansferred to me firmware S50ci tt::d w j" " or () " r 
. :hen yOlJ issue. n 0 Cent:rO 1.... . t lbe nrmv.rare Ie p Cffi 

Ihc [lL 1 . lth the addr-ess or th inle rna] in [ 
o Li.ne, 

Irmwcf9 Fen res. 
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For mOl" . Inrormat1on abou tha 
, mwa re' va routine . r efe to 

[) 0 . uol Apple nss Fltmwo/ 

The flrm9liJ..re tines indude _ nc such as 
o aU or sped.t1c of the screen 

. 5CTccn nd p Hing lhe ell rsor in the uppcr-]c:fr 
corner 

draw.in co]olled poinLIiii and Hnes in Lo-Res 41 

- gening Ihe color of a s 10carJon an lhe Lo-Res screen 
. dour 8: au - if:: ". lue in th·, ccu rrru t .. mn hex ,dcdm-i 1 

The firmware indudcs i n[£rru pl s.u ppon r or rhe run range of 
rNp p i]c on th Appi UGS. in lh Apple Ilc and me 

enhal'l coo A lIe, the n rmwa 01"1 th , 1\ pl ' nGs L ke8 
intIE rru pl.-driven programs possjble. Inte ru('lts rork ,e] t ' Llh 

roODS (any version) and Pascal (revision ].2 or higher); DOS 3.3 
docsn It suppOrt j pts. 

The goo1 or Lhe l:nler:ru pr hand1er is 10 S1J pport mterru,pts in any 
m 'rnory conn 11 l on. It a'llcs lh machine's Sla[E :31 the lime or 

e [nterru t _ nd , " [ erne inc Into slilndard me mory 
configuration before control to au r progra m l ,n !t:f:tlJ p 
hand[er. 

Whenever an inrerru pt OCCIJ r"S _ nd rru pts re en' the 
hardware uses iI n address called an lnt:e.rnJ pt vector I' stored III ROM. 
[a t:ra [ r 0 rn 1 to 11 1 l P , n of lhc hu.c nupl also in 
RO ' . The h ndl · r up rrup15 in ny 
memory configura.L1on. n the slate at tJ1 e' tJ e or 
lhc J ntcrru • nd plUS '\.he inro a slanda rd ,n emory 
conn,SU t on bef(l P.I (0.£11ro1 to y'Our interrupt 
handler. 

Imporl a t he lnte rup , vecfors CrQ 5 or d In sys em RO r _ (be SFF. 
locations SF FEE ... S FFFF) r Cl d s.o is a sho I" 518rvk:::e 
routine (ban S,FF. loee ons S C071 .. SC07f) . For Interrupts to 
WOlk with progroms ng t. boJ1ks S 00 ond SO,. 1/0 
shadow1ng and kJngUOId -card meppl ' must . on. lob -1 Is 
c mary 0' rtpes 01 inter , .1'8, the. fh"mwcre racogn 8. 
!For mor'a Il'lfOIDlO' 1011 ebo ' I errupts. p eese see rna Ua 
Ap§:)fa ilGS FlI'mwareJ. rsfBr.JC8, 

5-4 Coo pt r 4: Rrmw re Features 
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One of the Impa rtan di.rre . n bctw n. t.be pple personal 
computer and eaIUer models of the A · p] I r i . ali Like the 
M Lhe Apple llGS .h:a5 a b tooUbox wim routines ilia 
c:a:.n l ' d by ppHca'Liom. The Apple IIOS seliVe8 . wo 

n rn3 kes ev topi ng, new pplkations e:t.Sler and Lt 
SlIIPpOru [be desktop user lnlerra :, 

Apple IIGS Too,lbox? 
t: App](l IJGS Toolbo is a colJ ion of tJ ef u I routines that am be 
I .d by pptic lion programs. The wolbox rou U e rc 

perms. . nt . r of the they are a.vaihble to lion 
wiL.he . I I'he .("'CcJ lO Un k I ibr:uies lo applications., 

The IDOlbo tOl.H1 ncs h many nses.. There are routines ' :ill 
:s ppo,[t the new h.rel. ate _ 'tures or t:: ppJe nGs. ii.5 Super 
H -R . phk:i nd Djglral m ,to r Chip (DOC), Orner 
rouLine SlL..lp rt tf ' , klOP user inlCrfiice. whim uses mouse 
operations in menus and Il1dow, 

111 1'oolbox: routines are arran .d i logi 1 groups called too! J.eJsJ 

or 51 mply tools. L' ch individual roullne 'th 
caned by an a' tic " on 'i 1001 Ctdll. Por example. mhe mu t1 fleS I 1 [ 
:'iuppon the. u per HL-R g phJ c:s display are in. a t I set n 11 "d 
Qui ' [)m 11. and PatnlPoty l'i III mn th L lool sel 

Not aH of the too] . rc in son e of Lhem are' ]na ' 
r rom dis 'nd in RAl\i. The III n , rncch nlsm is Ihe sa me 
regardJ s or w t1 "rc In memory :::Ii. tool A too I n e'VCn tn 
RAM in one ver " jo II or c toolbox :and in ROi\1 in anol le r ,.. rsion. 

applicatiDn wll ru n the s In dthcr case. 

Developers afe not.. u-Ictctl (tJ the tool sel.S pro\dded by 
lhey tan create tool set.$ of Lh ill" OW 11 C . 001 locarol pro ides 

ay 10 swiu: back and foIth be 'een ppl ' 'lTGS too :sets and mhe 
applkatiO l1's Own loul:s, or inr orm at..inn bout. creal; ng too] selt 
please re d 81e m nu I 'r,Pk IIGS roolhoo; VollJ f1 J , 

58 The App e lJc;s Too box 



Appl . 
1t 

o om 

or 0 [OU Ln Ihe i ' pplc llG ox aim i r lo 
routines U ClJllosh Tool a . n f aclt lhe App Ie IIeS 

igc: rs s [afted . th 111 mas imponan .M- CI lash rou Lines and 
Lried 0 r them as do, e:l pO!J.5ible. 00 nsiderLD he 
difICll nces het machrne.s, u r e ark a I 

Ii", Lrt applicaUorl. doe to su pport e use i rHerf c:c can be 
acoomp i '" d usj ng the A pp] r G ooJ'box. 

51 rmes 
Peop mlljar wHh e M antos t'oolbo [U Jna lhat man.y of 
me . e5 m lhe.. p!e TIc; S T{)!O[box are si .1 r 10 [h -i 

h 0 r[S. T le 5-1 i a llsl of lhase Ie [1GS Dol 
IS nd the ··i rni I [001 selS in Lhe M i11 ash_ 

Tab l 5 .. 1 
. . cl tosh co 6 po rts for Apple stool s It 

QuickDra QujckDraw 

Package 

..... Mana i ,s.k 1\1" ruI! 'r 

Even.t iVJ. n 
(high-level 

cr 
,lls) 

Event M .. gcr 
Oow-level C Us) 

Tool 0 E cnl . arnge . 

o 1m ng System 
Even n 

fly 13 nager 

lOOOW M a 

Conlrol i1 or Conlrol" t'"I. r 

Scrap -r 
Man gel' 

Te lE 

Dialog .L o1'a:n- g -r 
. crap M nO. r 

rhlLln . 1\'1 g r 

Apple IIGS oolbol< compored WI' h Macintosh 
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One 
which 

ieroproc _ s" ' 

propria 

OJUl on· I 0 
cinrosh. 

The micro S Q used In two madUn nLirc y 
diffi Lrl The 65C 1 in the A c: has dHferen[ 
insuuctl . .a n.d addressln m ad.cs from r 6.SO d in 

adntosh. The 65C816 16- il dal2 reg· I wrul (be 6 0 
32·bit re .. re . 

mary Q ni · io 
emory dif(crenll y on me l 0 chines.. J\, eo' n 

the M clnt ] is conlin 0 ut memory i . UGSI th . gh 
contiguous. Ls[ conLinuDus= ,I 'vided inlO 64K IJ Ks , wHh 

rts of some ba 'e led to pcd! S (5I.1rn ·, dfsp! y 
buffe d I/O devLces), 

On e pL I G5. mem rr banks 00 and 0 re b.t;oke. u '!It 
rea Il.L . cd run nl programs ritt 'n r Or earlier 

veEOIU of me p 1 IJ ; the. display p • 1:he va s p eel nd the 
Ian u - r spao. J I are cliffe in the y lh 
6 CS16 mj OptOCC5Sor han. l , dlrfcrent ba n.k ,Th .Memory 

n geE on pple IIG . h . 0 ocommodat [ , . ..0 resLridlo . 

Teol sets 
The A. DC Toolbo . . n have e . 'fy ing in it Ihu 
MadIU.o5h 'Toolbox has. e loO set not rou on the Appl nG is 
tl 'li put yo :r pro . m's cons an 

para rn n but ey 'on't quJ te as 
easy 0 meed [) . ware of 'rh 'IT! ren-ce 
when. III 'wjlh the 1t flU you mi t .. _ 11 0 

man e tC 5 LCOns. a nu IJ es. 

AppJ9 Ifss Too bo:( Dompared wi Moclnto· 61 



OJ more format1on obouT 
progrcm min Q on ' ppl!GS 
compo ed wi 1-1 ' e Maer'l lOS , 
rer 0 the Programmm'J 
rn 0 JI&5. 

On the oLh r hI rr , h p ]le ITGS has .some tools. lh ( the 
M <:intosh d For Lht:! Mage r 0 fl 

pre TIcs :IS a special call ras :HCT, rna es if eaJi;ler LQ use 
the wjndol\' envlIonmen (sec: :rion "''Vindow Manager, laLer 
in this chapter). 

neilier r.e ere Lh . pl· rIGS diITe from rhe lacinlo h . 
mal of sou no tool'. the Madll ash hs I11c" '-Forn 51[ nd 

ycr, c A pp e IIGS has e Soun d M ncr, low- e fiG] tool fOI 
co trot I ng lhe. di iLal sou nd chi p (1 . 'nsoniq DOC). 

A pplj cations an the Apple JJ CS ] r V UO ng .re5emblances 10 
app] Lea lions on .M· intOfih, The can have a simil:u lOp 
user intc.:If CCI wi nd \1¥'indo which Lh 'r m nr., I 
lly usi OJ!!: m m.'i on both mach. C5 \ n-

d",' 0 eir Lru d.lIIres C3n 00 sj mU r idl a ilain event loop 
and conditional br nch' to l p . f of the progra m th (de I with 
c ch ktn of eve fl 

To kc P from ns dependent on memo ry con fl r . 
p pJjcatin on fue App c Be u mentation and 

relocatable code, U nll r ra on lhe I\.1adnlosh I Apple IIcs 
pro rams il • nul nn iTf any pdsition p!3ndCnI, b t n. be, 
relo catcd b '(1-1 S m Loader_ 

Programs wril n il hi level Ian ages like C r P on the ro 
mac ·nes can be very s imll . Pr m_ or se me nt5 wdu.cn in 

mb1Y ngu. 8 iii "ta e ad""llnr..a e of lhc si mil ri _ 
t cen the Apple UGS . n e. M d n h, bu musl be r \vriucn 

b the machln diJlcrcn[ If1i'I ierc I'(U".e:l1801. l1te 
11 vc diITc.r. nt rch Ltec:t.ures. and add [CSSln 

,modesi so Lhicy Jjl:qu ir· d e reJ''l1 a.s&emb ers. 

IVole: Apple 1,5 assembler for L pple fiGS lsi like iL.he 
Ed.], m il5Sr:mhlr:r for . A pp 1 n The App E lies ahli mb1c 
no[ only has L 65C81' onal lrutrucu 1 Iso. 
differ n\ m ro " Fo more information bOUI Lh n bier. 
sec Ch pr r 9. 
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Dc'lll:.10 . fa; nee to se the Tool loallor only if Lh y are dding 
ci r own tool se ts to the " "c Apple' IIGS ToolbQx' 

Volume I. tens how (0 do t.h t.. 

Memory Manoa ' r 
The Memory l\,1anag r conlru!:s 0 . memory by application 
programs. Keeping memory 1.3 n d.er conlrcl of Lht! Mt:mory 
!'.ianager makes il possib loa 'V co-resident applic such s 
d sk accessortc' "n,·" System loa der calls the Memory .L r no'" ger to 
rnquC5l memory sp e for loadjng ;3 program. The prog " has, the 

of ntak ng own calls to 'the Mcmo."r.fl., f1 get to eque.Sit 
lIoc te) release (dellocate) me.moryi Of 

nnd OL1 how much memory l rurre l 'Y , .J:;ilire.. 

Qulck'DrQW iii 
st rd d r'rl y (or me des.klop environment on the 

Apple lIGS .is the new color Su peT HJ - cs 2 phl . To su po the 
gr.a pi ics dis 1 Y. A P le, ]Ie s n rm\vare includes a set of graphks 
roullnes named QUickDra w IL 

The gra phlcs IDuUnes in ukkDraw II arc base on :sub or tl e 
tadnlosh QuickDraw rou [j r1CS. Th (11' i ndu. c; _ I for m n, In the 

g phics en,llIironm ru _ ror ing Slim.ple objects called 
prirn[Uve cb' .. :11. The prImiLive oojecrs QUickDnw U handles arc 
o Hnos 
CI ['eclat"!. I 5 

o pol y.QOt'l 
t1 ova _ 
(] rou nded rectan tras 

o 
pixel lmilge:i 

Ie t cha racters and strings 

II js not only bu ' to 
all applications Ithat use the. desklop [nlCrf ace lx: uSC it includes 
lh ea Is applic lions 'uSe rut put ins; te,r to i pl Y 
"Winduws on . " . "k( p. 
] n addition [0 rh drdwing r01.nines! - 'Om n atsa has routines 
for performing ' 1 cu I (ions on illITe-rent graphics for 
c x: -0 term[ne whether a speaRe d. pOinl is r 

parE:jcu lar re eta ngle . 
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Th se twls-t.'1:enu . - Indow -a.na, '-[1 ConIrOl 1 f . 
lineEdil. Dia.1og M' g.e:rl and Dcsk L r-su - the 

dard mn. r: 

M nu CI c·er 
.m. U Il"i n nd defines Lh' menu bar by 

M fI. . a a .' . \Vh.en the user .ves a oommand 
sm ' the mouse or by a. comm tId kay [} 

ppHca:tion calls the ;rt., enu M ilnager 10 fin ' Ou( 'W i contI'" d 

1 fo _ . 'on '. an a ': Ucalioft pre ram :ill ppei1.f8 in 
' rindo _ The appHcaUon makes. calis 'to Lh 
create 'Windmvsl acti a£.e I m mO. • ' J1 

r 
.ild 

d Ih ·m . 11 .' .. _dow t .11 r kee lrack of overlapping 
Indo and posts leven so the application can rudrn w win 

thal are n.e. 1y uncove rid Al P -i tio IJ 
'lien 1Jh l l"lltppc Wll n t .d. - ,e '. 0 e the 
P1 l n. ftI 0 find . "hemet· the p -
- 0 in . e fI. ba or a desk Of; if was in ili 

. indO'li\r. hkh. part of the "'':3.5 .in. 

One 0 . the calLs. m. the Ell13ger is 1 . aster. wruc ' .. .a 
'-c'-rcnt ,11, h. n . e 

Ii" · ty to .· '. . n _ _ environment, 
dl in the re passing conLroI 

back ID the application_ By usin c-atls.. a pro ramm r 
can I an :appLicauon up and ruMLng q i ' y n. S J I k 
.. 'ItaJ 0 QJ- ur ' r . d k.:o use inter. ace, 

Control anag 
.A cDnr.rol j n ab- cL an lim scrt:cn l aI lh ll" r .. wi I L 
mou 10 or 1 nge. a se..in . Con Q s include 
ab" Ilton • check boxes. and scroll barS_ 1 e 
application Cllf:;ates nd responds lo controls by means of c Us '.0 
Lhe C f!., :ina er. 

coo r 5: T App e IIGS oolbol( 
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Theile :;Lff: lVlO k-nds 0' es on ' e A pte nos: class c 
desk ;3LCce&SOrieS lh can run either. 11l 1\tLe.A'p naSi desk :0 " 
environment or wi rh. nQn .. I OS app'Ucalions Oike 
Apple o rk,sJ I iind new de:sk accessDries iliiJ't run only in rhe 
'pp" nc.s desktop environment The Desk M checks [0 see 

whEch en. mnmenl i in J"ld m k· 8 " k ory n 
run in ilia environment before calling iL 

Two dassic desk CL:eSS orLes are buill in= e P n.e lh t !.' 

liJ "d, [0 d . 'IlgC Lhc machine OOMglJ.CIlIior1 and set the Lime and 
datel:an ' t " e '0. p! Y ' 0 , t- d for 
applica.uons that l!lSe both ,Lo-lle-s ' ra rues pa f! ' 

The to{) box has tw"o different ays or handHng l'IU 11'\.e,-'f.c oper _ Lion : 
Ihe ', A 'r;E numerics.l , whicb provide comprehensive 

rllhmeli 1:1 rnd me in'tcger M th Too1 which are used by Ihe 
o -'h :r tool eLS toO J;X!rform In gcr ... frJuncu'c. 

loot n ' --pOi'O numeri'c (SAN " 
TIle SULndar-d Apple Nu merics En:virorunent (SANE) is .il 

ex: implementation of 
IEEE standard Ooaling-pol nt rh'nm tic. 'TIl 'ppJe IIGS N" " 1 
-5 ,was de.rived [rom the 6)0 f:tngJ ge 
'iild hl", l m' . 'U n ·ons the L' cinlosh S P ckagc.5. 

f , atures of the numermc mol set 
1 lc (32-oiOJ and extended (80 

o 64 -bi l)rpe rOt exa nxed-poi l compu [ ·0 SIS ch in 
accoun Jflg 

o basic noating-poinl operations ( -;ji + 

(om .pol rLsons 

CQnVeEsJ Of.l..Si tw " n bJ n ry nd . I or n ad 
inrcger 

D .scannin a.nd [otmattin Q r A en n mene ' 
D logarithms I' expone and lrigonom'eLric fu nctiDns. 

U coml 1.111 J I n annuity rune 'O1ll5 Of fiLl 
camp 't.:atio-

D random nu mile r nerator 

D fun ( ' 0.05 for mana ing ilie n031li11g- oint environment 

LI other n io req I r lOr recommended by the IEEE standard 

68 Cho P Br he Appl IrGS 1001 ox 
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70 Chop r 5: 

DeskTop - u Too S t 
The A p,ple kTop Bl.tS (A DB) Tool [to;'ides 
comrnunEcatlons and control in erE ,ee ber:ween yOW" appl. 
and the-.ADD micrrn:OnIro[J .r lhal ope-raleS Lh ' D op Bus. 

I ' ' , bu co n , I e A H Too1 ' t 
dia nO!ilic routines nd rhe Contfot 

The ADB Tool Se includes specific commands for ,' e board 
and the mouse. For. other devices. .a,P pticalliQIlS need driver 
rouUfies Lh:n set up the d, vices and handle Iheir operatlon>- Ibe 

"[UP tOll Lines · ntlfy ' -c nr V] on [tJ(; n m y 
ev : fI . n n '1 . rn 

rts WI l 
u. e on r 
of de ires on e b s.. 

Sc: eduler 
, ucl1 of the in the App TICS. 3S not Th , 
Suer m k i[ p05SJ blc w c] y ecution of [r' S • Ill- [ 
require non- ' he '\I ," L' .r , i Ire d -
use. , on-reenlr3 IT fe..'IDll,ce.iiiI tndlcate rna the a in U$-e , Y 
modLfri nag called (he- Busy ord The cheduler ma.n ins 

u or pro III 110 lrn[ 'CSClU rr ," . By 
eeping Lrack of the Busy the Scl.tedllier detctm.l.t1.e! l1.e11. ,0. 

, C' ["I • xl pro in Inc qu tiC, 

ex 001 

lik the 1 com pu [Cr' in lh . A ppl U r milly. e App]e IIG h,5 
a video d' I Y rn e ror texl 0 1 To " -: , t- ' is 1 .. 
as earrer , ple II pro, ram'ii do. prog l1'\S have 0 

muhnjon mode in bank _ 1"'he Text Tool Sel, alan 
enh nted video OUlput ro tines jrt !:he flrmware. makes it possible 
O'r' 4 pljc tJons 1 p I ]Ie;: to ' . I y '[J Qui 

5 , . ·Itchj n environmentS and 'm.d ng D 1'1k ' 00, 

UGS Toobo:( 
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SOh 

12, 

2K 
/,;0",-

FI ur 6 .. 
Hypo hatlcoll Ap fa II 
usf th Meg - n 

Pen 

Mg II 

CPU 

The basjc m h' n " Ai pte nG arch' ture· '0 make ;j)J mo 
powerful . pp l-one that can run p 0 for " rlier 
model til , "pple n :and 0 u port more sophlsticaK:d 
pro ra p The Apple G chi n it'lg 
go I Y (i rd ar,e and fumwiirc-indudi n.g a new 

icroprocessor. p ,nded impr 'II Jdeo displays, 
and n " (I n ' enerato.r- l t.UI the abHiry 'to 0 . 31'1. 

pl n. 
The mlGfopro' or in lhe App nOs the 6, , ] 6. n ViI 11 -
Oil i ' n based on the 6 02 m rocessor lJ sed in 0 " r 

, pfe U s. 1:bc 6 CBl G h . Q major fJ3 1\.1 res; 
o ][ , op te Ithe.r as a 16-bit procc 0 or as an 6502, 

lit c n ddress [0 up 10 megabytes of m 'mory. 

" b Ii of 6 C8 6 t I.e 650 insrructio akes it 
o sible for lh . ppl Has to ru n progralIl5 L :ned to run on 

6 of the App'e I , Th 5<::B 6's large ad 
:!:i p ak · il for ' Ie ]]GS have :rn mo 

an 6502-basedl p n' r 

The desig race '5 
TW ' . on describes m ign or e Apple IlG as pro. 0 

pa fLS.Lon. sraru ng pie II. ' nde r.stiln in 1 i tle aboll L 
the lhe 'ppl nGS evolved V!'ill help \oJ tand the 
.rclalionshi . teen its :neVIl' lu ,n il5 old re atu res. 

To un , , tan how the App l GS , onal compu tcr inoo 'C.ra 
e rea I;llres of the p p'f . It. fj, l consider lhe sl nd f Le fL 

Ie 6-] is a simp1 ifiet ck diagrilm showing an i pp]e D 
mighL Ix: dcsi. ro od Apple' g 11 te rated circuit 1nc 
Me n , wstom la.rge.-s ] ,drcWllhat incorpo s 
" st 0 the timing n , onU'ol roo fts of the S[an A p le:rt It 

addresses 128 of M 0 anized 64K rna' n ' I ry banks. 
The e ' n !so pro ., es the sundard pp 1 • n 1,,' r 0 dlsp y 
modes. born t 40-co mn n 8O-co1u ) ' n raphlG'S (to--
Resj Hj.. . , Double Hl ... Res). 'lo i I':Id Lea ted in Figure 6-1 
are 'kc • n Oft the Apple lh po ' 1 ike e on . an me 
' ppl n,. 

74. Chopta r 6; ArchI ec re of th Apple IIGS 



Sia .s 

126 
I(A 

Ad I g 
mv SiUppose - t we reptace 11 CJ'U with WI fasner 
i prooe or n add r :L-;itel' R t and RO :it new v[deo 

disp y neraLOIi, i Jl 6- · irnpUfied dd gt, m of the resul . 
Shadln. m dcnll n , Lh rt5 lhiU pro\!'1 ,. ilic new ret . ene..r !y 
5pe3 J11f! ' c part! CI n tlshade-d 'id ," ,Provjd,e Ihe n.' rd 
Apple II C {IJ res. 1"'he CPU · now th 5C816 on [he sh 
ope les 502 c mula lion m c v.,rhe n ex 

ugrams. 

• Ie 
iPo ro t 

OM 

1 ' I( 
-- II r CiS? 

'AM 

I VSC 5C '16 

fSiLlfa 6 .. 2 
New hardware added to t Appl II 

, e ne CP rn faster th. fl C norma Apple processar-
2 Liz, CO n""LP ilh the n fI ] 1 '1 -z. To iii gc the 

spara'Le pe ru l me new sy e _ h a custon in g led drm H:J 
F' s Proce r t . rfi CI2! (FPi). Ih 1 ru pporLs the [ t r memolf 

for Un 'IN CP and I CPlJ acce I 1 10: I 1\.1eg i 
Desi d on [folljng the R ' Ind ROL th IT also mntrQl 

xpanSlo n \ I up to ej I meg'- bytes of addLllon J r 1St RA.Pl..t, 

T d sign process 75 



76 

1 0 i.ndudes. me rid , G hi 
Conuo'Uer rted drcu ptovi . a vI 0 

display, . u r raphics disp y. The 'n: ra hics 
. :pl y p d dea.r hi on colo . . on an KG 
0] or monj tor. 

:2 mlsleadlng in one respect: it impl" es that 
am.,';i for ]e 0 run in fu . It f . of 

f::onuooUe>Ci by Lh , II, 'hich i not ILhe such pro r , 
actually run :In '128, f f; l R.A.M: on t.h sh dcd . e of the 
mag .t se !jon pl:airu th s r m mary on 

p 1 UG:5. 

mary 0 the A II . 
o the no as . pp n fas ter 

far ShOd of whole L ry. fLg,ure 6.. shrnv,s', 
Lhe fasr I . i . ddin 1ii tef memory. 13 it! , .. 

tllat. on of th 0 Dr Lhe ne processor is 11101 j [ at ,[t runs 
f: . I if, u[ tn t 1t can address more memory, roakin . Q.,;sible a 
igrtificanr in 0 nl or .rinemofV on lh . ppi . "GS. 

The fo] owing 5 CIJons l n l • fa.sler memory is 
i me n leet 

, e ory 
p 'He: . .' a b of e eruling instru lions 1m, 't three 

f; ' t a.1iI a st:uldard Apple ll. t "'d an be used in 
diITere n.t ways! to OOla in r 51(.:.r C t.i n or standard Ap 10e ' 
prognum J and 10 n ble fiN crograms 10 rake full the 
65:C816 roc . 0 . 

n p 0 rs lS 

12BK or 
n t lhe 

c to memo",' .in 
- u. . banks to keep the 10 -numut:l:-e0' ba nk!!'l rOI 

}I,: for runndn appl'cJl 'on prog n-u. 

C cp 9F 6: Ale facture 0 Iss 



CPUn 
). the FPX 

h 0 

]/0 ', _ 

rea 
into Lhiltt 

into h me- addles '11 bank 
nks ":00 rnnJzed to 

t -low spe 

1 Hz rOE an 
Conuo] P:_ - I.) - ote 

a WI 
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P d. ' ft' lin 
• 'CC5 and I/O 
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ruj diffe n y 110 ha ow n 

, ell 

'nlin :!. slowed 
eeL'S only crio 

-11 tis rom 
I the faste L"' spee I 

awn.. 
( 

a.re 

T 

. ie 
of 

11 -ora r InS p le llG • Lh 
lU rns hadowin on ' n r .it .Lo3dsi an old l 

o pS 

· co r Me U corre.spon J to rn' [1 

El, Tho oont In l] i 0 displ pa es 
me m m ory 113 Lio I1S 'Uo d to the va expansio 51 _ I i1 

a clition rm are also uses r n b 11k 0 and . 1. 

u 

- tHt 
II ated s .. st,e m memory 'n 

e ]{Oi js in ban n 

p 

emery ondard pep ogr 
The fe3ilU re of the pplc for to run 
st.anda rd A pplc I pro' r is the lr.np'ementalio n 0 - s d. 
12 K P P 1 cmo. flU p n Lhe 6SC 16 I . C P 

a 

s I i Dne b conn K 10 
look like the R1 .] lrl e: 
in Isure 6- I 
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SOl .w SFFFF _---:r--"""_-""" ....... $1 SFO SFD SFE SFF 
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rxpons.:)n roM 8 II-In <OM 

c 1 Us r l-._ ........ I Disp ' I ----" 
Jgure 6 .. 3 

M mory map o r stc dard Api rJ pr oms 

" 0 make lWO me.n ry banks 

g 

nU.e fl Or B biL A P rrs don lit - ru 0 me 
min u ill b. ks_ To m ke:l ." onal memory. u Ji J l\11.h 

U t.:h progr m5. Pt'pD u ' tbe ad i tion I me ory as a ss-
s to '10\ u n me IRA.M -:. 

M Dry e pro ram 
- . [he 1I 
r ro 

can DC py me. 

pabllj 'Cl!j of the 
ri 'fen ror the 

rc:as. 
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S7F EO SEl SFO SFO SA: S 

- ..... :-. - - ."". 

-, ... """-:. 

. nslon p()M 

L....-__ .....JI 1'0 

F1gur 6 .. · 
a p f'Ol new Apple pro rem ... 

, fie c5-4. ho 5 Ib of memory a . fl ble La IppHcations. 
fluen 5 ' [1 lty ror the Ap pTe GS. No icc Ihal banks SOO d 

SO] sui _ ve shadoli'Pring in 110 ace and Pag(: ], Those areas 
US be hadowed r or per operation 0 int nJ pl and 

peri phe.ral ca . 180 not.1ce thai the t:.X . _ Lon (banks ., 0') 
h . if present) i.s vail l· . ·con·uglLl.ous memory p 

trlnJMer:- To cnsur mpaubtlh y '{h J k and 
oLhc r c:o-' ' r - n tOU 'ines,_ p ple H Gs. ._ pl1 , tJ om that need 

ddLlj,on .1 rnUJit request it frum lhc .I\1emory anagcr. 
. Sy e.nl wade r calL5 the 1cmory J!.-i anager to obtain 

sp: cc needed ror L djn pro.gram segments.) 

eo Chapter 6: Archl tee u e o· the App1 IIGS 
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82 c 

n,.",''''''-:I''I'rI'll mi ron is om Lnatlon of all of the. s 
chine lhal afli r,j[ lion of the prog JJ., n 
fual m :kc up rt ram envJeonm It ' fix = far 

e amp C lh f _c hat emo:ry is . dd.f1 • b . • or the fact r I 
11 1/0 ' roo m:a pped, Till · t e r describes those p or 
he p ro ram environmcl1 chan d from 10 

a ppllca Lien to n l 

'viron t optio S 
Pro rams run n i 
be or Lwu L ie prog 

_ 1 Jr. and progr ms lh I n 
\l(fh.1 he envlronrncn . or lh se 
used most orlen, l . Y Ie (lot 

f wi ch ro[" 

Jly 

g m en ifol1mc n 
any of Lhem ind 0 n 

n chan 

Alole.' There re l wO S ems. .for Ihe 
correspo dj n (0 ' he 1'1, 0 . , pes of pro, r m ; 
prog min , ProDO 16 for ]6 .. i1 pr 
j n 1 i f crj Lions of Lh Q ''''''_O.T-.,.. 

me _J1Jvironrne nl pro 

pp1 . nGs, 
P [or 

. en pter 

ehan e are 

t1 e' llJ"liaoprocesso r m " • , " ' tel' • [zes, :lnd v 
regis 

o the 1 
the 

·Clf S "lad Sil s of tl"lc ' page 

o card an I 
ml2:IDO sp • in , I J nl hoice of displa· 5. 11 

.Peets of Lhe prog 'm 
"1' '1/ fO n me nt 

en nruHon that arc cliffe "n L 'i n th d eri.n 
cn",iro 
11 I jcrop ce.s..sor mod 

i s,or. Tho e mdu 
• f· 1 r;'! i2CSM t.he ban"k rcgJ;s t "r 

and Lhc I lions fI i:,.-.cs of l e s ad< 11 di p. 

7 Pro rom El'lvlronmen.s 

bi 



oproc lor' cd-
The 650n6 microp ' C; 11 o,prarate II't d 'Ifef'n mode. : 
rJlIlh;e w1 Lh all 0 , , fcaWIe5I 1 an 6502 emw. tum rnutle, 

fo.r ru nni - to tams ,r"c:telll ror a-bit Apple II' . 

The 5C8 J - has three FI3 m, and ttl l P rams use to 
conlJral i 0 ' Ung modes. You P 6 C 16 into 6SQ2 

mu 'on mode r 'tIlng lhe e na - to , en you do , c 
6SC816 . ulomaucally " - the accumul n x: 
hilS wjde- I . -0 makes nne sta ' 0 y 256 ,byte.s 10 ]Jk Slack iin 

6502. lIii emul 'Lon mode the di c ' lld the stack 
au D tic Ily' t localioru ' 0 n 1< $00. 

Se [j g to 0 P l 6SCBl6 in '0 n U mo .. in nalti e 
mode. - fO m can make Ib c and .p 'I rger than 2 
bvles and . n _ IJ t lIn.em anyw I m mary barucOO, 

Re r _ e 
In th 6SC816 proce £' n3tJvc: mode r th of the 
accum ul tOr nd i§.lde - re t re c-onLl"oliea by ' m and x f1 8 . . 
l1'1 the Apple Des. boLh the m od gs :noEmaUy sel to fO, 

me reg.i.st 1,6 b 'm ' ·de. Ap _ lions running ill illiJU • 
n change ei osc n.3gs to. .IiiJ' aocumllllalClii' 

Lhe in ex i tern onDy B i I but !here is no nn ny no reason. 
for an applicti ' 10 ' 0 so, even thou sysr.e m lines work 
lh w y . 

.opera 
SO! to 

icilhs, LO · 

values 
written pec·fi . Iy for Lhe IIGS can l!J se ' n 

m ory b etun . program ba nk l [cr nd da ' 
b nk registe r _ 'I n l'UiI1run S-b. t P II 
programs. Lhe tern Hrmware. se 1] I..he program .11k : (he 
d nk to bank O. 

EnvJromen options 83 



F pros--- . i n for tanda pt If the k" nd djrec 
pae must be in Lh ir p1Ioper 6502 locatlons. and the stack be 
256 byl.C5 long. For pro, ,rams writr n specifically for the Apple 

i , of " , ,,", an " lh " 1 do ' of s[ C , nd djmcl p ge 
lthjn " :n k SOO are I the ill Uon or the 1 i" r 

n n" ng , ' 65C 16 in n In 
20 ". here betw'een ". d BFfF in a 
emulation model fue processor aulornalica.li ' me up'pE-r half' of 
me 5 c polrHC[ lo SO 1. \\lhen you Ihen swircil back 10 native mode. 
the Jf a h IS C inter m "ns [[0 nd your 
Qffgm a. stack po tote Is] 

Wl' you i to "mul Li Or:! you h ve to S VB YOUL"' native-
mode ' tack pOi§l!l t ' " 0 , .tn . th n Lh " ck pofnter [0 
lemu bllon-,mooe stack and pllSh Lhe rudve-mode poIn.te il' onto 
the [lmu hulQn mode stack After doing Lh:H r you S itch 'the 

eessor (0 ' _ Lon mo . " 0 Swil h lr ck fro m ,emu I 'en 
mode to naUve m.ode. you rew.erse 'the fir. ,t switch to 11 
n live l1Ien pull me nali.ve .. made po' nler off rhe emulation-
rn t _c ", 11 , I luc ID " st c inter . 

., NOle: use m m in n In ry in n LMve: rna ' 
dOll sa preve nItS the rtEm, - f'e [0 1 tOm ' orld ng p.ro ' dy. 
, selling up the change rom oati'l,."e to emulation made. 

you l \II' (l usc '' emul lion-mode:;[ ck in main memoryl 
ith:H is. bank I 00. 

Impo r an I You mus ' olvloys hav6 rYupts dl50 b sd whll you ore 
man latl ' e :star: po ter'. 

sp . as, 
The mJcr.opr or in " ppl rrcs " no , Ie '[ alilier of 
dock s:IJeeds= the s ndard A, pie IT peed I 1. I nd e r: , r 
,s,pccd of 2.8 MHz. For pm, rams rurullng in RAt'1. a few clock cycles 
. re used for ref reshin rcdu dng ilia spec: to an rl ffccLiv 
;due, or bou 2.5 ... Sy t fi nn ' ru in RO I runs at 

the .full 2,5 Jl.1:1 z. 

84 Ct1apt'S r 7: Program Envlro " ments 



Con fOr f gl fiB r af oeoed 
, 1/0 c,c:a C$C:o:x) I 
SEC!; they ora QCCO' e 0 

anli: sao lr 10 adO\!lllng III on., 
For e I . orm c1'1on abou fh -
control Q r ( r to Jrna 
AvpJ GS Hot n-.e ;erM • 

different f C nging me ope tiJiI 5d 
(f.il'St th n use Ih . Con t P ,] to set the 

. n controller carom. It. finn are switches 
z .speed wherle-ver J slm i5 ctlve. so Lh l conlrOUe.r 
ark corm roy Thi.rd, ms an change dle cl "d 'by 

n . in. th td[ of the Conifl [ster. a COD 

'1st r "n oca 'ion C036. 

L n s ace 
. corr 11 d 

aru1<w r, i..sl.e.ri a ron: . , 
IOLC 

• nd mappi.!fiI 
in(o a 

seoon in mhe Ox Ce I as shown. frL Agu 1. 
Ttilill co I"ILfl tJ 0 c r the 1 K of ··M called me I 

I ' ncr the fl 
tho.se 10 l ions. 

A I I prod cl .... i lWt memory 

SODa 

QClO 

A In SC;o:x . iJ C 

SOOOG 
seQ 0 ...... ___ ----11 

[g ' . .. 1 
mory map of Ian 

Ilmpr cotloli'l . 10 interrupts 

S FFF 
$F . 0. 

SE 
$DO 

SCDa 

dRA 

mop ad lOS n 0 cord 

a or e inlerrup ro in RO 1 n the 110 p ce at 
for th " no t cod [0 operate [/01 nu remain en;lbl in 
Cxxx pan or 00 nd rile Wgn 6K r · stav rna 

J ngu a e " " _ lOIJ of " e dow' re . ter m 
2 roo 1 r pr IiUII du OJ.. 'rut 0< i n u RAM in me 

scxx p , , 1C inlerru t rOUl! \von lark. lOlC 
must left on vcn by pr-o rams t'l run .In nca.rive l11CN.1e l 

d nit oLhe ' ,. e c ].:tngua . -card m ' pi 

EnvJro men Q tlons 8 



Sf'cndo ret _ p p,le II ': is . 
An ppH ca ' On ru ing on ppl ' llG . C n n Or " 
r.r V. n _ bt on l:mK . -11 "le U's. o.r the ne Super I li-Re5 
display. 0 CQurse I a typical appllcation will u.se only one Of two 
display ,modes so it Wln tfue rest. 

writte n fur bit Apple Irs run in banks 00 and SOl. 
bu l lhe hardware for displa:ys uses in b ks EO nd 

I. ·0[, t.h· pp i. r flrmw lS " "Owing 0 for 
LhOaS display J • so tha[ ' hen e applicattnn writes into .a 
displa y page in bank $00 ill . ]. Ihe hardware aJ.s,o wriLes [0 the 
same iocation in b n $£0 or E 1. 

The pro fa m-selectlon rou tine in Ihe J; p pIe HG au lomaLicall y sets. 
the di:spl y:s.h dmving pproprj filCly [or lh o · ro'-li ng ;yo tern I] I l it 

10 . ng; 011 for DO UCSD P "' c I. r r P DOS 81 d 0. 
for P DOS 1 -. _ - L th _ ti ne sets _ - pl y, hado'll -ng 
(:I • hii -0 .. in for I 6 ;I fl · am dispJ ,"I pa, _ A [1 a plicatLf)fl 
can tum, off s hadowin 0 indi iduaJ display pages by selting 

bjts in the hadow' regislf l as shown in 1ab -1 

taba 'I .. 
he Shadow egls "r ( location SC(J35) 

_If F,um:'flol"l (1 = 

7 d un defin <L muS{ wri[C zero) 
[Ole / 0 ' nd I ng , J __ Lion 
(reserved- read must write zero) 
·u . ill ry J .. P ] and 2 

3 IJper ru- grap LC pc' 
2 :Hi-Res graphics Pa Ie . 

i-R L ' P ia P gc 1 
o Te l P and. X 
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r Ji-

n ilfd 

,IJ -, 'r 1- I $ di P , 

rile LO 

w 

pl[on is 
II-R 

h .FFF jn 
. n 'nun 

In 01 

II routines in 
5 shou Id ha v • p]a: 

rile rnre U . to line 
no shad 

n option 

e 
take 

,coOn , 
raphLcs 

lible r tho 

o 

Iif. 
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, ippk 11: M ory m. pi' j n s nd, is _ T y modes i.s of 
a by:zan:tine com lexrty adj cent to ,. of d or 
dlaracters on me screen ar-e not .slmoed in adJareru areas of 
nil .. Of1/! I 'ng Lt s· ry for display roulinas '[0 . lcul:ue 
me sta,tung foe C rO • J 0 , Hi-Bes f phtc5 has the 
added , ndicap c/, 7-btl. cs; that Is, only. seven its or 
byte Me This makes il It del ,'or dis rc ies. c 
c.aJru lare the address of byte that corresponds ID po iLion on 
t ' . sere' Hi-Res fu I'1hcr bu racned 9,ritb me 

ec . twce 1\ rrncrnory b ' -. w .ddresslng 
adjace nt locations on e ·Ct. en. By usin U ne r ,p 
Su per l-Ii-Res dis play routines avoid Lhese probfemsr 

Tchl . 7··2 
ew ... VJdeo Ir 1$ er Goc:oitllon S C029) 

'1 
5 
S 
]-4 
o 

·u' r graphics dLspl y 
Enab es llileax m .p in ' ror u _ ! H -_ . ph. 
InhibIts ooJor in. slandar-d Apple IT dIspla s 
(r eve) 
Erubtes ba.n t , (use 'by sysremJ 

Mi j'n ' en iro m . fs 
Des.,pile the dill 'we n the different progr.m1 

nvironments. on the pple IIG 5. many 0 raUng fe _lu 
imtl r, It isrhcrefore possab1e [a enhance existing A,p le n 

progr.m:so t · y ' f'I ' c . vanI gc Qf App e UGS features such 
as desk aCCB.'i.'iones alld ro, ram 'tools, 

'pedllcally, the 1.00 0 Hoes Ii . ccssible no ' only from 
,pplication pro .' ams . fI I" 0 rICa Iy for ,h A -ple IIGS, bu · 

also from programs runntng in emu f:U..l.on 010. . I . th ref 0 
,possible [0 mod fy exisLin 650 programs! adding lool 
the to - JnS n lJ.SC ' n w Fe -lura and ith desktop user 
m tel' ace' (The ts thc.rns lvc ru n In tF i mO 

pp]kaliorui ru rutin,g in emulation mode rnus is I ell n t1 
mode: 10 make lool ;and .switc.h back tD emuJ _ tiOfl mode 
n r .) 

B8 Chapter 7: ro m Ernl 0 merits 



It is e eIl Jble t-O m 
6 ;Q2·based A,pple n r 0 

nhar it is ,1!Unnift 

" 

hy rid program that nlns on either 
IG j by 'ha virng the pr-{)' m 

on. :a _ pl nc:s fo it makes any 

i fl kin. of GompatibUity is a · a.il cccssorie.s. 
tUrn II rOm stand.ard pp e II pmgil"3.mS rith 

, JoDO S or rro 1 "as p rOgni m ru nning whh ProDO 
ilJC l'WO kinds of d . a i ; " esk :ac:ce.ssO.r" es I 

[, ' " -n run ]n any Apple rlCS en imnm t n style desk 
acre SOL'i I . tC ru oruy u nd r P roODS 6. Each (t 

cccsso ry has a fla th.3 _ . 51 VII 'li versions of P fODOS i 
111 "t.h, In ilie ofl"W3fe hierarch the . 'i r ls below 

ProDQS, f in okes , desk aOJeSS ' . k gar 
detEru · Wcl1 'r mon fro 0 it is fUlflnlng under :a.n.d I [0 

see 1h..3[ !!he requested a . 01) n. ru n l'Ioim ihal versIolll. 

vi'ro ment' ,um, ory 
The .simp es _. [L tio _ [W I n program environments on th 
A IG " tthe one used rar :rns written rot 
8-bil pplc U'.s and the one sed for ro IllS en sp cif.call 
for A re ' t: 3 is il list of me condi ions n ki up 

e. e . 0 rog m nvuonments. \"(I'hlI.e it . ... I" ro 
applica tions to U _ olh 'r combina.lions. tb e p. 
cnvironm lilts are the 0 0 . n rrn'9;j rc no sup art. 

m e vJro 

C U mod 

ern mUlla'lar S 

)nde..'1( 

DJ rcc[-p:lge addres 

S ck add.rcJ 

EL-ul lion e=l) 

hiLS (e ])' 

8 bits (e. ' )1 

]1Ir [z or 2,8 

. (1(1() in bank 

]0 in h nk 

UV r(c=O) 

16 bm[S (m 0) 

16 biLs ex 0) 

2..8 J!;nI 

P . in bank 00 

Any page from SOt I 

Ulk 00 

Any S12J! up In . B7FF 

En Ironm t summery 6Q 



Tabl 1-3 (00 tl nued) 
App . IJGS progrcm environments 

Lan Jj a e-card 5plC 
in 'banks' $00 and $0 1 

hadowlng of J/O spaces 
in banks, $00 and $0 1 

Shado . on, of text 
Pg 

Shadow"ng ,of Hi- cs 
graphics ges 

ul ' ispl y 

. ppi Ilg of SU,pcr Hi -Res 
,memo . _ d t ie ses 

, iJ le to 
applica ion, 

Us or elCp:msion fu\M: 
by P pli cauon 

o per ti ng sy tern 

y 

Ye 

- ext 

. orm:d for A pie D ' nd _ ' 
dlspl fa 

Banks $00 and 0] (plus e .. 
- and p.art:s of banks. ,EO and. 

I, i modUied to run on the 
_ _ I I IlGs) 

_ Dj oP (ar vIa ' emory 
if modifi to n on t.b 

, pple IIOS) 

ProDOS a. DOS 3. 0 r. UCSD 
p ·c 

Yes 

Yes 

'. c:s 

Su pe 'I Ii-Res 

S1.l 

B ,nks . 00 nd 
R.AA-i, a d p 
ann . 

r Hi .. ,Rc:s, y 

" .................... flS.IIon 
: S" 

As R1\M Di.ll3k or La Me 0 
a n age ,r 

·toDOS 16 

equal 1.:0 1. 

c p er 7; P,ro rem t:nvlronmeni's 



roga 
an h- pile:; 



I MoOrnlor 1 
CPU I I M 

[sur, -1 

inLe Lheir inc the App e .u compt,H r :ha e had b uilt in 
rl!fIDWar - to iU pport. :lFplicarion pro r ms. and me Appl 0 Ci5 

'l'Sona compute! conlinu d tends that tradlido In the 
orne app]icalJons pro mrnet's have bypa "" d - ' f n :rnware l 

taking direct. conlrol or t le hardware. Th i chapter describe.:s 
same oJ l -. ' " Yo this done and Some or ·· rob ems am 

've s of p,rograml operal"o 
You hi or the dIITe lev' - 0 pro ram operation on n 

n 1Si a hierarchy. with ha rd are layer iH til 110m, 
Ilnnware aoo oper ling-sy tem la ' e.rs. in me ttLiddt and the 
appHcillion I (0" 'PI ure illu.slr.llCS this (The 

rchy In Figure 8 1 is hi r r ' y or command 
leve[s..-...generaliy :5 pc her ... level compo on loweJ"-

OLl • • ) 

APPlleo Ion 

!'roDO:; 1 Oper g 
svst om 

D h/Qr! rmwar 

I I I I Clap cy I I 0 I i:l dwa -

vels o ' program operation 

92 

'rOm ' e 'gInnin, I' lhe bccf! n O,pen machine, NO{ 
only - as it been to cxtcn 11 , hardware hy means of 

ripheral C:I rds In expam ion b l prow.ams h a' "e be n a le 
to tak'!e control of th h rdw ,... i ndependenlty of me btJi 1 ..<j n 
fJrmware, 

Chapte 8: Pro . oms a . a Apple llGos 



As " .. 8-1 

funcU 
H r 

PIO 
P[ogramm 

:ue iliat i 
oncemed r CI , e 

]6 LeI]' 
pJ -y buffeTS. an 

n or Lhe 
. hich a.re 

orr i.mportant on 
n 

_ _ of 

Ibl 

iL possible [0 P' m 
it , dvi ble. 

lim ware" r.h 
I/O ,outin s fer 

u;[ to lh 
_ 0 - I 
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Be use there ru..ve been m ny C .n from model to m II 
h neraUy been 3 'r (0 m fill rompaubiHry WJlth 
pplicatiOll pro r th t .ITl3 ke use of lhe firm - interrace. as 

compared wi pr fa Ih.-a L contra] iJ.h rd themselves. 
TItc:rc is Ow sPollg in favor of 'U j II'lg me Eirmwarcj even 
w the rog rome! diss tisfied im t8 perro rmane I JU t t 

lnoompad ili 'Ie , 

_ r argL1mef] lapp i L [ 0 erallons. m Ihc pa Om 
appliCl'dons tu\!'c·t ir 0 n disk HIe form ts nd. j d ded 
Lhelir own Vi.·r io or DOS. ..pple's .new PI' DO for e Apple llGS 
.Is f f'IiO the cost oIin y .1:' ' n way Lsi now qumlC 
compare<i with ilie ' dv' 1 ges or sta jl] compalibl·, 

e concept of octbo f.s new [.Q md l ' The 
ues [5 '[ n 'Ie 0 to have one, [f y U _ 3 n. 

xpcri n I n de eloper. even j! oU '.lie en lo 
m" n[, in m ximum compaubi1ily by on[ the 
i 1":11 rf: ceg dut App]c has provi d. y'O'" fIU.y :find the toolbox '[0 be 
a new y or prngrammi n , FJ:'O t.h t polnt of view oM n;t.osh 
develo;per m y tr . n e.a er lime or it. 'hi]e; U1c to 1 0 . nor 
lhe s rn· e ne on the . !adIlI05h l[ i Ilfl r in and 
m ny , r i ctiOrui re the s.LJjJl 

n rrvanL es of usmg the ' pp]c riGS T olbox are many. 0& Ot'l] 
do lhe lools do 1 of ilia It app]jcation 9.1'0 . td 0 nYL5e 

h \1"(; IlO O. I.u!:he machine hself is set up to me lools. 

Pi ' Ie IIGS 'r - tin ' __ yste s 
Th re e three "nds or 0 
Apple UGS= 

, 'S - ft'l. hat La rIJ run on the 

o earlier systems s a OOS 3,3 ProDO ' I.Oj and CS 
on. me App e LIes liS on olh whkh run 

lhc Ap ]e D 
P aDOS 8. him ru [IS on all rurr nl 'ppl tlJ nd SJj pports 
rrulJny of the n.my rcaLu tl . J le UG S 

o l w ProDOS ' 0 the .Apple nGS j Pm-oOOS 16, ijch G'lX1rts 
, of the ne feature.s bur runs anJy on . p e fiGS 

Chap 'er B: togrorns ond pie UGS 



The ne Pro OOS d nlage of the 16-bit 
'·0 . s. an · 1 rie continuous me 0 ry p . ,On the 

pp'fc lIGS, makIng itt blc lOrun on MK -and 28K m chines. To 
- k L- asy to disun tUls h n the two kinds of 
ProOOS runs on ' bit ,. le U· ' . ] m::3 PrnDDS 8 and u ' . 

roDOS for the Go called ProOOS16. 

proDOS 16 ,r u aionaUy simllar 1O rn IJ L 
1 dce5l not work tn y so pro ran s ' .t run un r an bi 
ProDOS will not run un ProDOS ]6, 'Without 5 j . I 
modiIl . OIlS. The latest 10 () S-bil ProDOS1 P toD05 B. 
suppa [p IllS mnnin o,n th _p p , G. The ' yste 
.L.D:locr · u[cmaiU 1 Y' . m p t apti. :e v n; on of P.ro o · I 
de on the type or n p rue finds on lhe 00 disk. 
Tale 8-1 J SlJ mmary or . i m.:: £e:s between P DOS 8 nd 
PraDO , 16. 

lab a .. 1 

ProDOS e nd Pro DOS 0 camp 'Fed 

, [crop race r mo 
me 0 

m m memory 
Memo M 

Disk 
Menl ry po inler s ze 
Syst.e.m c 11 in L uon 
Sys em file rr. 
Sy m file type 

PraDOS ' 

6 "'02 em latio 
6 K 
128 . 
B i L In ,p .in global 
p'.il e 

onnected 
2 
J5R into b 
. YS 

IProDOS 16 

65C816 na tI e cd . 
'56 

S.25, til byres 
,e ory f n er 

Disconn e,c:ted 
t 

.J L lnto ba k -" 
. Y 16 
D 

renl r that - mDOS . r 8-bit pp'fe IT a. ) lions 
ru nnin on th pple UGS I and PtO OS 16 is. f IOf Apple riGS 

pplJ ca'Llo . 

+, lVote.. Even though P rona . S n P roDOS 16 are di(r. nl, 
rn.ey both e m dis .forr.r a . n fLl 5lru cll.lrES. 'E 
ollC can read a fi] wriuen by rthe 0 1"1 - pL that l:lroOO B 

on I[ l up fr-om the t .rtup files (type ,$B3) L or 
ProDOS nd P .foDO ' II . [ r1 up from . e rs ru 
(type FF) or in I'1f flIes (type 506) used fOf roOOS S. 

A p ie op at 



Appl.s JIGS ProOO'S J6 Rot. rQllC' 
1 ;:1 d forma on abo · th 
Sys gm Loader, 

Th pp1 Uas Ton] i ndudes the Sw1.em Load ,a syst.e . 
. rogram that makes fu use of ,tit m mary _ d the 
standanHzed load mo u" on t ppl.e TIGS, The Sysr.em loader, 
working "in conjuncUon -. 1th P'rnOOS 1.6 and the femory . n g f! 

10 .nd reiD prog.ram seg.men15. rog n - . com iJed 
and Hoked as individuaJ sam or whJ cb can loaded 
dynamically il as nc -d' d 

Load .segmenlS ciln cmili. tic 0 dYfi S, .tic ,segments 
remain in m mory' II l prog m eKeCutlon, The System 
-0 0 U 0 program-.s static.-; gm . nts w "n 't fi t 1 
h P m, 

The Sy !ern. La . r doesn·t load dynarruc segmenlS until III y -rc 
Ilc for d ftn, P' gram EXeCUlioll_ The pro am ,n roqu Sl 

specific. segmen.t8 by calhng the S' stem .loader, Or th der 
I dle segmffll Jump table, whlch is a spec" t t set p y the 

linker to deE(] w ilh references cro" · - boundarles_ 

,Appl . 
On of m I mIlO 0 me Appie JIGS is irs abtlj ly [0 

n t.nda p Ie II flrogram..",- Theppte llGS lnCOrpo - tr..;s 11 

the £earures. of the .. JIe and mosl of " fc ru or t.h 
pple llc nclu ing l to u . rt eithe r 5- 5 .. 1nm or 3,5-

In h . i8k ' '.ves COlllnedBd to it'i disk port 

J1Id rd A ppl . 1 r . 'rag m drsks on rhe no 
pro. r: m tho l modificauon_ Su rn programs ",rIU 

0 ' illY f ne\V features of nhe Apple HGS . xa::Jlllts b-Jj La 
run 2_ 5 tlm.es :IS fast Th PIO ra.ms will 00 ru nnl -. ri 6502 
,emulation .mode and 'the memory p Y ilable 10 them wm be· 
oonfigumci JUSt] r ·c . n . 125K of RA- t fl an .Apple Ile. 
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& hanci I 
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bo 
sys[e 

do n to 

10 ra 
then 

is thal 
. tl-J2 
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Or 
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lb . dcv lOptnfZnl cnvirunm ntis L • softw r . I you use for 
. S reg. .. on he' .. pi e TIcs. The 

environment indudes 'two kinds or pro firs... Ilhe l:rngu age 
compilers and assembler.; I and prog.rams thal all 

·vclop ". rdl of Vi 1 ngua [ey , usin 
c'om 1 er or . 'mbler h Hs n ma nlU I. The p that re 
1JSed any or the programming Ian u ges are described in the 
Apple IIGS WD,.k,shD/J Re/eTrn.t;f1. 

·1 ca re or the p 1 TTGS cJ P yo . with _ m . 
develo men Fir. t or the're is , landard format far object files. 
re :udJess of Lheir source. Then there are the linker and the System 
Loader log lher wim -s.:andarrl load mes, mal-. il possib to 

. modu r prog ,ms wi lh re1 hi s- gm -n' nd to 
combine se rnent,s, writ.te . in dil1"erent .source I ngu a.ges. TIle 
languages a vailahIe on Lhe Apple 110 ifldude as,sernbl1rr language 
nd C. ., 0 provL I. ill c.;QnsislCn[ prog mmi rig cnvironm n[ I et,c is 
. e pie rIos Pm · WOl" ho p (AP'W')r Th 01 hop 

mclude:s ilie operating shell for conlroUln lhe Ian uage compllers, 
"'long wil.h me pliO m 'rIl bugger thQ lH.ilily 
pr.og r,;I ms. 

rogram . ·od Icftv 
ThE b:asls of 'the App1e UCi5 d.ell'elopment e.n'll ironme.rrL 15 Ihe 
standard file formats. , The . I:..anmrd rorma · make i possihle to use 
many different pro r3JMrnlng ] n g on [h Appl nGs. A 1 on 
with me S· em loader.'- y ']50 iJ.ke po&i ib' 
segmentatiolll. with relocatable .segments th 1. can be 

lyn mic 11y du ri ng program executioll. 

ere Ling program is a muh15te:p process, Firs.t, Ihe program tis 
wrint: Il • n ' . fonn or on or more source files. Corn pilcrn and 

sembLers pro<: s th Oll r<l · n . s n d pl'ou.ce obj t ri les. 11 
linker then lakes Ole progf-am 0 alon lith 3 i.1y 
ap propriate lib f3 IV" objecl and pr-odu res one or more load 
II c:s . Jt j me ] oad flIcs lhal gel loaded into memory when the 
I rog m c 
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A m rs nd compilers produce objec: Lie. Th lin r 
CD mbin abje sc m nLS from. one or more object III d, 
produces ;3), 10 d fiI S tc $C men15 in object files can be 
combined into a, SLn, le.ser n by Ll linker, Thai makes 
poss.,ihlc [D write me pro Ll m as p t P nd rec.ompile only 
lit· . cd ' whene.ver you make 

In ddltion to lhe pro ram fj les, tJ - can be- Jlbrary files 
11 purpose.sf: ment£ lJ sed y se'i.lic'r. I p rOgI"am!S . 

r. 11m ] and elttrad: the . g nts i1 , - d 
h Lhe prog "am, 

Each 1 Oil fj-e co' of Ofii3 or mor segments. which , s ' lie 
or dynamic_ . t.a -c: g ,' r:"I , mUSt It: m in in memory while the 
pro ["am is runni . bur yftl ITItC m n be 0 ded and 
un 10 I,;d as Ihev re neede.d_ 

Prog m s can also be reloca Ie. [1'1 i • cap ble of 'being 
I de ,nywhc r in memory The ern 1 relocation c· rri . 0 l at 
run time b),. the rn.o c: r. ' ell load oon j b h 

pro code and a -'io ie- onary, whiCh the .stem 
Lo:tder s. " tn, rccalcu late adwesse-s hen it : 'I I hIe 
segmenrs, The: 1 11 orm t 'was designed 10 make' dyn. mje. 
loading as fast, as po sible, 

e ' pic lIes developmen t en J ro rnen d not restrict 
del/e.lO ' ! . to sjn prng mmtn 1 ngu . e. You. _n 'u ' rtf 
prngrammin, ,an, ua ror which them a, compiler ilia prod ' 
ob' 11lc.s in !:he Apple lIa ob ec module fOTmal The 
avaiJ able r,om p pIc Lndude ilss.embt langua " 11 C. 

The APW _,' r ·xerotes under the conl.rol of Lhe lP Shell. 
The assemb1er iJ p r the . ppte 110. standard 0 ea file r orm [ 

d reloc ble se m t'"I '" 

Prog o · . ng langL..Jag 83 01 



e e ble! i . fu It fe-alllred D' 

U e Initruction sets. and add ·sing m 
mLcroprocessor. The' asscmht- -r in.- ]u,!i.iI4..r3 

o :a..n extensive ' of 

Assembler 5 not v r ·0 
sembler 10015 

co pile 

ass mhly" 

j; Vi C Ls sim i 
Llbr 

r netl 
ere 

D The Sl2e or nt 

m). 

fie ' _ ItO -
lnd de , 

d rJil:osh C. such :as 

Th ro ltat r mhe pasCfA"l declaralJon is differ;] n' 

J 

p 0 

.. IS Wor shDp 
''tten in 

EJ Fu nct.ioll result.s return in g] b I v ri 1 , - r. rn 'the' 

ot i1a e. 

11 A rpl o ·ks op C R n.c melu 
Ii iJ i ' 0 C I . gua e .n . of e standard C hbrarv.n e 

Apple CiS 1n'terf: ce 'Lib ry _ r L descn .. s Ihe d i IJ . 
App e L CiS C and a sllndard C: the B rkclcy!I . 2 B . 
imple m IIllalion or lhc ort: bi C cOli1pn . 

, (]2 C 0 9; Apple II ss D9\l9lopmenf Errvlronrnan 



pilers 
n ppl GS COm pil r for any prognunming 

lansuage· all. the compiler has to, do" ,roduce 0 ' a m 
compatible wilh the .Apple TICS object me format, Lan uage'i. .far 
. - ic c:ompLI .. - caul . wrillcn include , . cal, BASIC 

Cobol. ..nd Li p. 

Appl. IIGS I rogram . rl Workshop 
'Th ' pp 1 GS Progr -m:mcr 5 '. orkshop .'. - i.5 a set of p rogrn.ms 
th t .A ppl rnv:ld . to m i r t - "\I, lop pplic lim:\'s for me 
Apple DGs. The pro rams ine P 8ra met orksho. 
D sheU 
a d[tor 

lLnker 
debugger 
unliLle5 

'These programs ate 11 descrIbed in rna · u 1 "pple OGS 
Pro r'ammers Wo hop Refi rnflce". 

,shoe I 
The APW Snell . tovides j e . cr CC ' [ enables fOU to 
execu [,e othe I:' APW pro InS and to ,0 rm va OUS_I"...,.., 

such as capy.ng lUes. You type n comm;ands i:n 
r. tuoncd way. 

Th shell Lso aclS ,ali an extension to P roODS ] dJn 
- S'IJ ppon fu ncr..io n.s [or p ro.gr-ams such as compile I 

:and 1 ink :- n n I n, , un r lhc:s . -U Those funruon:s. 
include 
D parameter passIng between prog ms nd th ' ,h II 

re .,"n nd scning I ngu ge lype of a sou rce file 
LI Y U Ln wil 
D 'p:lSsjng contro 'to otbe system rogra m.s 

mov.[ngt copy] n · ,an files and subdirectories 
o re.na.mi ns riles 



1:1 _ 31lg1 ng p.ref.xes 
LI li5 ng . and 
D cl ngi g ProDQS me type of a file 

Th I ell .. PIOns ro,. ammable command or - . c fiI · !hal L n 
l!18ed to ex-ecu[e any number of" ] comm nd,s .. The Exec fi e.s 

can include ram . e.r in 'd conditiona.1 execution 
.5l .t men . _ IJ Iso 8:U pports redimruoLl or input ' . !D PiJ.l 
n ipeUnin of APW pro . IRS. 

E'· 1101 
APW EdilO! is a teXt ,edilo.r roJ:' uSC l mbler and 

compilers. 'To use the ed.il II yo blVO rrom fue If you 
select iii pre exisLing m ror edJ 'OB. the edilor is automnicaUy:s l to 
me langu . or Lh n . OLhenvi5e. Ihe editor is -( lh ' st 
'1 - _ e se 0 1st .language ,se'lected with h 11 comtnand 
Yo 1'l 0 use lhe editor to o:e.a - " .c. ru. . 

In 
i k r obj d: mes cre:u.ed by emb !. 0.1' 

by lh All : C cempi e.r and enerales load rues. ur mloc hi ' 
co .... _e linker lre5o!ves ex erna] -reoce.s J1d 'reJo tlon 
dlct1onarie51. Becau . . as . ' bl .nd t:{l piler create objecr 
ru . _ t CO form to e .same rormal, the link r can H rL to l 
......... 11!'-.o ... 'L· modu es oea:ted by ny lIon of APW _ ag.est 

No UYI 0 eall [he link'er by a command (0 c: I malle , you 
pedfy ·a. Ijmited number of linker options.. Yo '. p rame e 

rQr sc mentaLion and p dnting, in Lh 0lJ,' rode t'Self_ 
Fot · 'II Iced ro who need more d1 n ] . 
comman rov.ide.s I the link f has. -a comm n' ngu _ . _ lied 
LtnkL--d You can use UokEd comndnds lO (r. _ m .uch runatio.n.s 
as 

men from ct riles 
D openin and closing iUutpu t files 
D acal..ing · [tc or rna .ic I'll 

D searching HbrarLe8 
D oontroll ing pri n n, ,- th . 1 i 

Chopter 9: Ap . Eli IIGS Dervelopm. nt Ern I enf 



APW Debu r enables you, ID fO m O.J on one 
j;ru;UUetion :at , time Of' :n full s;peed · nd SlOp U a bre· poi . cl 
L[me lh pro am stoOPS. th 00 l; ,pJ. ys - dlsa.ssembJy of Ithe' 
CO ' • lh conten ' of a s.:peci1led a of RAf!..i , and e co t of 
rhe ,mlcccp mces.s rr, r Sis ier. I . lack I and direct page'. 

b n CeIl ilS own disFlay and the di 
rhe pro ram nnw ' 

Ut:iU es 
The programmer' wo -5 op nclude.s 5e'vew pro rams that 
pcllform functions that c:anno ' . 'h n t . 'by fuc shell 
CO _ . nrl . ] ese programs a.re call ' tUiti . y indude 
D Crunch. C.om · 

compil:a lions. 
........... , . .....,. ob jecl modules fter 

o MacG en! gene rates _ m 0 file 

D Ma gen.e.r.ates lib . 1 

m lJ- or 

o Dwnp()bj. U.s . lJ JiO'U lines m :an ob - ct mod ]e or J J' rnMu I 

• orne of lh '1..1 'Ii y programs .require no in put from 'LJ r om r 
than Lhe n me. Lh , . ms - ueared Hke orhe hell 
COmm .nd. nd r to . e:xIerna'l com . ntb. 

Appfa JIGS P/OQ amrns""s Workshop 1 05 
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App 

Intra 
These books arc i I C ry anuals for d vela co uter 
enLhusi IS I thc.r . pple rIGS cwnc W 0 need I.echnicaJ 
i OM UO, introductoEJ m r 1 Ih r t'pose is to hal p tll 

reader 1J n n:i nde ' eaWIe5 of me App fIG'S. 
particularly Lh fc lu S tha are from otl A ' 1e 
romp fe'IS. '!Il na read the introou dory n e reader , ll 
refer to dJ!ic reference nu l r d.et about a parr.icu] r 
asoea of the ppt JGs. 

Tn chnlc, I i troduc on 
The 'l'ech . C ". rroducl to ihe Appl . IlGS [h n · t book m the 
sui - of ni 1 annals aOOUl lhc p 1 rICS. r describes aU 

_ 51 r the UGS, in I di ng i rearures and nCT I i 
the pro am ronm ·n1.8, 'we toolbox, and Lh d· tap['f ent 
en Jronm 

.Ap ' UGS Dwtl:errs: d is , n i tl\odUCUOfl f:r-om Lhe 
pain 01 vie of lite USCI". Techn:blJ mlrocbulton d 
Ap Ie [[GS rrom th polnt 0 vi of the program, 1 n {)' h 'f - rds. 
d scrilJes lh i me 0 mrne Ii' h . to Co s' d hile 

t"D\ \I'ch as 0 r lLng fi . ture pra ram 
envuonmeru m which ru r:lS. 

Th pro rcmm rl lnt "oduc' 10 
e you stan. writing ro li.J..Se the App . UG us' r 

aoo (. 'm ", ... t 0 I I nus, and !:he mouse) lh 
7'.2 me's 11 trod leU-Dn I(J the He; ro id the 

COt"l, .ts, nd u ideHnes you nee , IS 1:"1 acorn ptete course in 
programm lng, omJy S 11 g po nl or programrncf5 Ii f 
applications for pp]e 1 [GS, n inuoduces the rO U ' e 
..I ppl L He; T 1 o · an the prog m - nv"runm I y n ulIlder. 
11 1J am te eo .. dri 0 1 demonstrates 

o pro the ope tin 

x A: Roodmap to Apple IIGS Tee eel Mortuo 
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OtiS of 
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f -I Y - -v.e to use the u::olbox t ll, I Y oly.', :ant 
to wri e impte programs lhat don usc : mouse, or m dO"iNS i or 
me n r or orhe r , arts of Lhc 0 er interface l then you c-an 
et alan , wiiliou( me IiOOlbox. Howe if you are developing an 

app I Lion [00 Interface. 01 If you nl (0 USC th 
Sup 'r i-R hies dJspla y. you 'II find the 
indi " leo 

I ' P'o ra __ 'me '''sWo -s op rna ' ual 
The development cnvironmen on the J GS Lhe pp' e ncs 
Prog,- mmcl , ork hop APW L.S a of prog ms th 
" n b .e developer EO ,create and debug plic lEon 'fog ra , on the 
A G " The Apple lIGS m ,.'£ Wo sl,op Rife ce 
includes inform l.on a r or the ' ,orkshop lhal all 
dey will u . , t _ ,hich prog,ra.rnmll1g langu gU they 
U -, e ' ·Il. the edHm. the linker. the nd the 'IJ les-
Th manual Le.lls ho - to write o'lh r pro , s ch "a5 custom 
utilities and Lompi to ru n lJ n r Ute PW Shell 
The AJ?W reference rna cie;scn w _- y .' the workshop 
rn, create ilfI ppli lion n inclu , :5 '" ilple program ID show 
how rhi5 i -0 

'roglrammi I -[cngUQI" e m - n, als 
App e is rnnently 65C816 _ embler and a C compilei/". 
ather compilerS rL uS(!d the ' . orkshop. PJovided ( ey 
fol Ow sl '0 da defi ed in the Apple JIGS mer's 

.hop It ife f!nct! . 

Th Ftepara e reference manual for c: ch prog ri\mm 
1a:t1 u:! e an lhe Apple GS. m, ny, I i ndu des the 
spedfJ ca . om of lhe I n ,d or the Apple I ,es libraries for rbc 
I nguag¢. n - ho to rite a progcam in 1 'flg1J _ 

111C nuals or the languag.es App]e provides rc pple DGS 
Fa _ 71.Iers Workrh ap s5emfJ.'ler Reference n 'Ple FIGS 

rl.!shop C Reference. 

l lO Append , A: to 'the Ap., IIGS Techn 01 
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mr f -r . 
E VI nt. 

The disLi n ·0 b n grnm e nvi ronm n 0 
A 'pte CiS ,ja be' x: tOe se>d fer runnjng p 

bil Ap ] II Ii"l the one used for pro '. riuen specificany 
lIG " Tabl -J i 1i 1 the conditions 

ese lWO m l'ltg. (This tab e . pli 
Tabl .. Por Inform U.on u t1' . m . ram environme.nt 

fer to Chapter .) 

1 



1 
IIGS pro nv ronm nfs 

CP 1 0 

Ac.e fll''! j I r sire 

III e" gi ter .size. 

:.JI;CC:U don s pee: 

addr 

ck L:Ge 

un U . rd 
m banks; . 0] 

. f 1/0 spaces 
00 an 1 

··M to 
pplicaUo:l1 

f pam; Lon RA 
by ion 

Ope tern 

,jiln em ul 'LKln III d (e 1) , 

lion (e 1) 

bJ 1) 

a bllS (e 1) 

25 ¥l 

y 

T xt 

(::Irmal, f 
d "spl ys 

roD 
p c I 

m ,nd n 8 

I ' ! llJ" 

:aJw e e 

( =0) 

(m=O) 

.L Hz 

p B7FF 

BFO _ 

lIIpef t-H- ' I. 

inearJ fo S -lIes disp]a 

nks 00 and . ,0 I. --" IL'-'0111 

P 

u I. to 1.. 

I nd p ru 0 

RA_t Dr 0 '\I'm Memo 
n;a e 
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It ppl ' n df lea of the 
n ' age. An ,[nterpr r fo r 

d exerntin pple.solt BASIC pro rn 
Is billlt mla the lfirmVlal:'c or amp in Lh .. 
App1 c U fi mily. 

T 

11 
uter [) display 

c r. er IkLe. 

n 80-Colu Text Cud 
peri phcr 1 'lugs j nlO the pple [e's 

'U J(] I mary n em Dry :Eli [1 d ernb e.s the COil pu e.r 
e 0 lay text e.tLher Of 80 h 111 , r. ,per Ine 

rule extending me Com plUi - ("" e ory ca pacity 
by 641<. 
' ppl n Pas so '[ , . ten. .. for the 
Apple I f mily th t IS Y Cf! e and execut1 
pro mS 'W tn-en n lhe Pascal mmjn.g 
1 fL ge. App e D Pascal was P[ . Y -
C m 1.cr from the Untv i Y cf C.l1 ornia, an 
Diego, Pascal Ope tin SY5t m JC D Pase:aD. 

1 6 GJos50r "I 

ppl II I A f un I Il:omp ter no the 
pp1c IT j 1 [rh exp.1LnSjon 510'l.S that aJlow 

r t enhance the computer Clip Hi 'u 
peri pheraJ and au ilj arr ros, 
a,1) licatlon pro m l 
pe:r:s.oI1 10 carry on some work. ch 

n I d t b sc rn n. phJcs, or 
me] eco mmu nica tlO n. Com p. 
P.fIO , 

· Acronym for rnerl.can SllJtuJa rd Code 
[0'" '0'" lerr;h.ar.gr1. pronounced 
AS. -ee, A code·n hkh the numbers from 0 to 
J 2. 7 Land fo l t charnc ers. i\SCU '0 i u 
for :represenung Ie t tnsk1 . Om JJ teli and .for 
transmiL 'ng 1 ' ·t n cn [ '£: 0 between a 
,om u r.er and a pc ipheral de'Vloo. 

De rnfjO ... The ratio of an width [0 
hel hl For exampfe j 5 ndard video dIs la has 
aJ1 a.5(JCJ [ ," 0 of ; 3 ' 

1 n tra attn ilia'L converts 
ri ten l.n iUsembly nto n 

equiv en r piiogr:un in tan e T I.e 
op of ads 

lao a e:; A programming 
hich individual m ch' ._\ n 

in.ru-uai rLt.ten symbolic form ' lr 
L • t Lo Er land ili n chi t: I n ge ElEclf. 

, 11 ssembly-I.anguagc in t.ru tio produces one 
achme-Iangudge mslruC(LO . ee also :mach 

go 

f,Jrnchl'onous= 0( synen ronized by 3l mulu I 
umjn 'Bn 1 or dock Compchronous 
A.sy ,. unLcad -, '_ face 

,ot; The special ,exp:i'Jlruiion 1 1 i:ru;[de 
t.h. pp ' De used r or the . P pI IT 8Q-Co]u run 
Te Card or odc d BO-Col mn 17ext Card, n 
also ror the __ . ,. ca The slot . 
l bele d AUX , CONNECTOR OLl the elrcui bo..: rd. 



ha p ! SUrf ce of rhe mp ' r. 
which mdu 
conn clor, and 

."'-''':JJO r.wArdll, me 
foF' ['"phe , I 

·vices. 

a d: A urut of d ion. speed.: the 
m r of discre'Le 8 [ h ngc'S per 

CO d, 0[[ n, but riJot al quw Ui 
P ,. fe'" a, Campar,e b I'iLte 

·A me h 
i rt farm. Machine-I. 

CI be interpreted 
[0 r ms and 

plcru res to J; lin bInary files_ 
bit: · 'on or &In dig . Tt'ie II est 
un] t of info au compu ter can h Cll Th 

I le o · bjl O. or 0) .re 5imp] 0- a 
51 yes or on 0 pus ·Live or 

ne thing or ncntuJ) 

b collection 0 mory lh 
phic re p ese t n. 

ilJlZljge_ 

, which b D 

that reads 0 

11ed 
'k 

b Mothe ·t:y st Ft up .. A CO 
by loadJn a pro m nlO memory f10rn 

external or. . medium such ;l! I, 001 is 
s,hon rOf 00 rap term illgges . or e-

'rn ru [ty or in Lr.J 31 I Lng 0 f learle,£' pr g mn [0 

r y that i - 't h bui]t-jn n m. 
at. 

.. tstrap' See 0 

com pu m.e.r' memory 
y 0 pro ram 

by 
mp1e. 3. print b frer. 

bUB:8 0 - , or circuits mal tra.ru 
.r 13 ed InfornTatio ro_ part. of a com te 

10 mother. [n:ll ork, li - of cab 
Jt C [1 t1cclors linking devtces toge·th · . . 

k d an end. (Ir 

b"nmttoos: Th ' 
boxes wheJie 

es in . 10 
ClOnfInn,. or 
u 

. u nit or nle ute or romp lrur 
Lin ' of a fi e . U 

On ' Ie n ,. 10 byte comislS or _ t 
bims. d il byte can h [:Ween 0 and 
255. 11 . v luc can re'p i roan, r 
n rn 1 . au lion mark I er th tiL 

ealo 

. (v) To req b 
run CIiOLl , or prace te_ (ri) u rom the 

n.amd eybo -. or from a procedure to -..-... ........... !-. 
procedure:. e 
carm e . ch . der (ded 1 ) . 
mar Clrdin . rtl ·n r CJ' displa Y {] 

I C 0: next Charactel' (] - I 

I; A sla miaoprocessc , 
an dditional hi h-or bt[ wit1t l 
I tOI bits in addi -on. iU D' 

rolal:..i on. :s J f operations. 

p lro :10; e put of e 
compu [t r thal th u, I com putlUoruJ; 
i m. langua See 1 0 J 1' .. 

GlaMOr;; 117 



............ __ .. iii'" _ . ny ynlOOl lh 't has a ide f 
understood meanin and lhlltB can convey 
information. Some characle rs-such as f5 i 

n rnber.s and puncru (ion be disp1 _ - _ on 
on. '0 s n n. pnnr on prinlCf, 

• A board containing embed' : d 
rucuj t:], and an all ch d collccllon 0 in g d 
cir H (ni ). 

spc · em ' "n whjc_ p ram ter 
. n on n ' . -fo the da 'e' and time 

are stared 'Th..i.s Chl,P is by a battery when 
Lhe system is 0 . thus preservm,g fue inform don. 

close: To rnrn 'Windnw back into Ihe. jron that 
rep rc:s nl.5i iL 

- OS: Abb.revialion (or complemtmtary met' I 
'CJXkk on loJ seve: I , lhods of m 
n .g . t, · i.rCUjLS out of C as vi ces 

lch _' cleJized by lefr low r 
cons m, -on CMO lecltnlqu tC from 

as 
code: 0) A nu mber or sy,m ot used to 
50me p iece of -nfor;matioD_ (2) The 5tat.emenl:.S or 
i ·uue · ,m I m" k"Up pro m , 

eo. s.tart: Th '0 of [artin 'U p the Appie D 
when Ih pov..rer is flfSllUmOO. on (or as if Ihe ,PoweJ" 

ju on) by 10 d'ng 0 - au ,K 
. _ fem rna [n erno ·. and then. toadln and 

ft.irutin a program... ompa.re boot, warm. start. 

cob. m D! .A arrangement of grapruc.s 
or ell acr posilions on lh displ y, 

00 -- --. d: An w[ruction 'thaI causes. the 
cornpu ;ct 1.0 perForm so.m ' action, command 

ty d rro k.y a d l -acd r rom 
men ' . a nand-ope, _ ted .lee ch 
mouse).. or embedded. in a, progra' 

118 Glossa 

oomp er:: A langu ge 'lTIm.5liUor m -( converu 
pro,gram wriu.e11 In :t high- \' I ro nl In · 
[angu gc . cod ) i to . q ilen-

f .. n m n 0 _ tower-level, lAngU3gf such as 
. ernne language (obJeot code) for later 

execution. 

mPQDeot: A - In partl:ru1uj a 'parr of a 
compu ter sys tern_ 

CJ ·mp. .. _lite -den: ,ideo that includes 
both dtspiay information ilnd the synchrornz'("on 
(and orh -r) sig 15 d - to P Y 

]I- d NlSC . aeo" Con pare GB. 

m u n[e device that performs 
predefine (pro med) ,compu lations at high 
Si,ileed and itb great . machl Ihal 
used 10 1tr,1Il5fer. nd ttansform 
inf orrnal 0 n, 

condhtlo , A fe Illre of an assembler 
mal :dl.o\VS, the programmer 10 fin ' -c: . or 
O'I.imr pieces 0 co' C so I t ( cr 

mbl 'th . 'I diffe· ndy 1".1 nd . dLfferent 
con dfUonSr 
(jon .- () . branch: type {) ,' branch instruction 
w . lh t.h of '3. 
condi:tJon Dr lhe value of an ex,pression. 

confi' _ adon: (1 . The total combination and 
arra ngemen't or bardware c:omponen ' - l U 
video d i5pl 'Y vic I Ii y ' " d' '_ he 11 

v ces-th I , ke up . corn puter em (2) The 
oF'nYare sewn,gs ili aUow vanouiS bardware 

oompDnenrs of a sy-ste.m [0 

communicate Wlrn h tl1 'r. 



gist r.5 that 
ri i I to 

SlV i!,; conrrol regis ers re lfic 
locations tin. I/O, pace ( Cx:xx) j n a EOi 

r1'O " nk S .' tf]/O shado in 

C tr:OI-_ A combin ti "' y. U"ok:e on 
pple H-f 1y computers mal usu. IJ 
ppiesofl Ie 

"m medi iuel y_ 
troller cart!: ' 

, I.LSe 

dlaracte 

me 

on Ilhe 5Clieen 
will make effeCT: 

from 

DAC: 

ormaUWl trans ern: to ,or from. 
omp . OJ!' oth . r . h nlcaJl 
or tOI ge 

i oornmW1l'ca on l- " n ·fi r 
"n iruo!TnaUon. Co rc t 

form in 15 stored, 
maru.p , ted, OJj lrilmfi rred For - ,mpl he n 

D 

is Lrani . d nd received se _ Iy 
y has a da a r rm of one staJrt i, riv to 

bits. an option p ily bi and ne 
bit , 

··on 
. ee &JoU 'lll<13. 

"ermln 

caUon 
32- s y device mat 

trans . If,;:;;"..b, l ... e:; mnformalJOIl_ U jU ' Ill' . " 
d ViCE ts 

Data. Set A signal fro DC· 1.0 
. indiCiim.]ng rut DC h e5tabl.ished a 

.n "on. .......ol.1IUI;Il 

EquJpmen' , ,pI EquIDmleD,L 

Data T ' -..._ 
by the 

enerate;s , 

m I n:al Rea. y 
:I. DelE indlf::9.lln 

. Se 
r 

D 

fined 

ign [lJIom , 
10 U'ansrnit or 

o 

--:I1 .• _pmeD 

DL ee 0 U 

___ o,_u] t A preset res. to question or 
pro pt. U'[l Is auto by the 

pu re.r If the d,. S\J ppiY Ii diITe . -

u.s:er_ 

de.e e; To 

f aull va] U 11} pr-ogrnm '. 
&hlng ff" no value p:plicd by I 

mo\.'"e somethi" - c" a a ch:a1'3.,cte 
fll ., or a rue. from. drs"" 

DeI·ete -, A ke-y on the III , 

1I p]e n , pI lJ Ct and 
yboards t.h.3Jt e im Iy 

cdj ng (ro me left 00 t _ OJ or. imllar. to 
. adn 0 h ckspaoe key_ 

A descrivUon 0 . .s m lhin new in 
terms Qf i 'if; r ce5 uom '0 . . rea r 
already know name co rll'o 

m til matieians th . rG ", k lettEr delta ( , 
to rre a. difference. 
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desk, . cce.ssunt a inj-applica lions H lha 
rvail blc from rho complJ.t t' l nu g rdt 
hich P Ii tic you -· n L Co nU'o I 

is ;an [exam , Ie 0 a desk arnessory. 

d,c ktop The vfsuaJJ inlet ':aoo be ,. een . 
computer aoo 'the user: menu bar and the 8f3iY 
area on me screen_ You can have a number of 
documents on me deskUJp at game rirnfL 

_.-."UlI·', .n en!" I 0 ' . :u f\ 
that make 1.l . inter-actlon.5 an a,pp1 (cation 
Jlesemble operatiOns 011 a desktop Command5 
appear : options. ·n puU-down 

'n I . '·n worked 0 pe in 
screen called windG'W1 The user elects 
,oo.til1lIlands n ,r Olhc:r maleri 1 by usID.g the ' 0 
to n -r ro nd 0 .. 

P ' . ell' 1'l erfa = See 
environmenl:. 

device: iVer:. A. pro ram tha , manages Ihe 
traIL5fer of Inform IJOl1 bc:llVOOn lh ' com I! r an · 
a [ph. 11 d • 

cln C '[5 0 91 U 
to ex . un 1 fom"J, (2) One or 
Lhe rnar3.CI ers used 10 expre-.sB numbers In same 
o r form, such . s 0 and 1 m binary or 0 duo ' gll 
9 nd lhrou h F In hexadecImal, 

( dO P " n .. in, dr ere e 
(noflCO.r.L n. OilS) form. eh as djgHs or' 
integers_ For example I contempoF'ary digital 
[docks show Ihe rime as a digital di:!iplay (sum as 
2;57) i 0 Wiln lh p i ·o . of P i r 0 
h: on cloek [ ce. Camp re an p10 

DJ tal 'tor P (DOC) . iff . 
drcui that oon[ains 32 oscJUators.m each of 
which ern senerat ' a sou nd from stared digtr.a1 

t , 

di ' A signal i5 sen ' and received m 
di5 irnerv 15. A ,:ign l [ba d . no ' wry 
co -[nuo ly 0'1 . r Urn ". Com r aJo,l SiIJIUU.. 

, 2CI Glossary 

dJ' 0 . co _ ,e _ [(0 A devlce 
thaI co IlYe quafldtie ' from ru'g ':al to analog 
or _ 

DIN"; b.revlatlon for. DeulSc'he IndUSlrie 
'onJUil. a European s[:lndards. org,aruzaILCl1. 

·nnector:; . . of cormectof' with 
pLflS rlS(de around 

ct pa A page (2 .6 bytes) of '. moLY in : 
Apple DGS rtrn.L works like rJ . . ;Ie in 6502 

l m t · n , n L b nk '. '.. 1 rather 
t location . [lOO .' C-O-.res1,denl 

prograrrus! or EOl_uines can h re their own direct 
p gC5 1 m , [ 0 

o . de ·tl l 'U . of lhe n m 
. or e flles stored on a disk. T ese 

othe.r riles may themselves be diTec'\.orjgs (c 1 eO 
S bd ._ d[r cwry · , 0 time ca.lJed a 

dis a.! Ie:.r: j ' lao ':u a . transl . tOE that 
ron;verts a machlne-Ia ngua . e program into :an 
[ qUi ale nt program in sscmbly ngu SG1 wh3 ' 
i , Ie s1 r P' mmers I un · :n '. 111 
o . posire ,r an as em ler 

See dhi -:r lden'L 

d . co' 'troller card; , . j'jJ jle 1 ea d that 
provi e Ihe connection between one or disk 
drives and Lhe compu t.er. Oms llJonnection, or 
interface, is bu Lll iIlLO the . pple U C1 ' e 

pp IlGS, r n 11 -f! mny compu . 1'5.) 

tt L_ g . " .. 0 , .g tePl 
pli n pal fu ctln [0 n'.l _1'13" e, IDes and 

oommuniations with, one or mare disk drIves... 
DOS and PrroDO . are two disk ope.r-a[jng systems 
for til pplc 11. 

d l:, , ,progGlLJ]} \h l does remain in 
m mory. he ccmpu[cr clri' ·y , all or p rl of . 
pta . m rOm me di t :n . ·d . Sorn·tJ m 
e Iled Co ' 1.1? .re 0 ' ,-:re [ 
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n pa!r t)--t in data lha: us of n 
. . hi set [0 0 or . If cress. ry to IT ke ' total 
nw mber of 1 ven n m , use earu 
or e.no checkIng, Compare MABK parity. odd 
. P art ty .. 
even .. drlv,en: A kind of program ilia t responds to 
user inputs in real time by repeatedly I.eS "ng ro!:' 
,events posted 'by inlerru pl routines. An 6'VCnt-
driven program d . noming un it . n 
v eli of the moo . u.tter.. 

• ....... •· ... 0 ot= nto hich you can 
iflStaU a peripheral card. ometi.rnes cal1ed a 

idrn. e also ux:llliwy 'JoL 

ExtEmded ' O-Cohlmn ' Card: lee 
. 'PP . D '. i n.d -. O..i l car 

-. type: In a dirco:ory l.isdn.& lhe code (bat 
C' ract.Cn WS ronlCn of .n Ie . nd indj 
ho the m y be used. 
firm . roill' m tOTed perm" nc ·tty In re ,,-
amy memo eRO O. S eh rogra (r. 

the ApplesofL Inl:e.rpreler and the' 
Moruto[ program) are bu il t into Lhe computer at 
Lhc f ctary. They can be cu ted [any lime bu [ 

:n modifi sed (rom m in 
memory .. 

- In )'pogrEi phy', a (;omple£.c of type in one 
s.[ze and st 1e or . meter. 1n camp I r Lsa 
mllection or let'ters flU puncru alion 
nd Ol cr typogrn phical symboLs wj Lh a consistent 

appe nee., 

ror' .. (n) ' . furm In whi h [ion is 
or anIzed 0 (v) To i .e , disk.r nto 
LIaoo and sectors where jruDrrnalion can be 
stored. Blank disks must be rormaHed before you 
ca n s" inr arm lion on lhem for ILhe first Lime; 

'nl 'altze, 
f . Ql W kh repetitive event 
re r , In al til 'ing flen { . C) rh . 
onm.ber of cydes per eco .d Frequen i • I lIy 
expressed in ertz (C).rde .. per &econd), 

10' or m abe.rt:z. 
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fUncli ' A r . r. mnted sequence 0 ope.Il':ilLiOns 
carried 01.11 t on .req est from any parnl 

In , program, A ru nction lakes one O[ mom 
31' and returns single v . UC. t n 
'therefore b . c;mbcddcd in an cxp io r:I • 

l'fP-.JLIi.II<!L VO, 00 ·n A 16 pi n conn insjac 
all me oj>Cn modds of ppl [1 0 in Ily 
dcsig .·tt for OJ r' f1 '. n . _ I d cont:rol to the 
comp r. ' u t . 0 used o:r connectin some 
ot.her pe.rj pheral devices. Compare I d - nb"o 
,con -ctor .. 

[GlaU: Acronym for senerullog c unlJ" r f 
ru510m ted CLI"CU us d i nleli(aces 

t en di[f.er.eil[ art.'; of file campu [e.r. 

pr 11l . tion of d 13. • 

""-""'_"" ... '" (1) Inform lion presc led 111 
of p. u or (2) Th dis y Or] ic 

i mages on :a cornputeis dis pta ¥ screen. 
Comp re text. 

han ' !OD.ti"ols'" Peripheral C!evJce.Ii,;;. wjth .1'0 atln. 
dials and push bu. .'ens. Hand conLrols .:ue used [0 

control game· playing programs. but they can also 
be used jn other appli lions. 

b..'"Ul ' onh'co. con 9wpin connector on 
e ck a el or . e Apple ] Ie. IT C, and 

A pp]c IIG corn P lHc 1"5. used for ·oonncrung h . d 
con'lrol · 0 LOOm Llter. Com ·are game 1/0 
connector. 

han balW1g: The exchange of s arns 
inforrn.ation between a ' CE. and a DYE used to 
(ornrol Lho lrnnsf r of dal b ween tht:m. 

n ro rnat on the or a • nal 
CO!lf'le Clin me DeE and the DTE, or It an. be in 

fmID of a rna.rtu:ler 'transmiued with the rest of 
Lh.e data. See l:so ON and 'O'F i 

1lLe unit of rrequency of vibration or 
D5Cm lIon, d" Locd as . nLl mbc r or cycles per 
second me . ror by i j . H, Ii h He , 

.1 ted Hz, S also 0 erI:Zt 
me aherl2. 
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L. 

. I d lee thai 
or ou.l of a complJ Icr. 

II J n eonlain 
i' u lIou tput subrouLin 

co .l'.1onHor pro'" rio m. 

orev Lion for J: 
e cuslom chip used In bui](-i 
p pie compUi ers. 

e 

.... Th t 0 ike s, imHar to a 'ler 
ke boardr til sed ror entedn inform Uon I [ l 
complJter. 

. rtz· A unj [ of meaSUrement of r 
equ al to bbrcv' t · 

h 
.1 th 

rom r' m '1" til starlda.rd In pu [ lin 
,a J. to lhe keyboard) is store n 

for b 

: ee pro 
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K. of 

. r-acter lhal fit .tn 
e_ 

Io.ad: To . "Oft from a '.p er 
stor ,dt.sld brto m 

fot use-fo mplc t I 
tnro memory for ' , 

m'O ram b!in .fi1t!S rom 
he pute s m mory, 

alue_ 

is :s tored .) 

C .' ardl. 

exeru d 
or condition is m SU 1'1 

reachin 5· ifit:-d 

dnto · 

In e 
compute s 

. On s li 
(0 

"Inc fOWCSl- lu n. 
lhc Ii P 1 1] [. r com t r r coruisun 
r yo ' biD :is hLgh by 4-0 • '" ' . 



cb..Lo e: form in r h 
oompu rer t stored in mcry 
on by the pUI . rts pro or, 

of com processor (s as the 
cssor used i 8-bil Apple n 

co . Rem) has I n Form 0 . hUle !an u 

Mad A ran J ly of A pp e co bu 
arou nd 68000 micrfi r0OO5S0fi. .h .\1' l ng hi h-
resolu rio b[ ck-and- it dlspb ys , using 

Ie AS for romman ' [Of 

. 'Llg pjcru.re , 

. ·embly-Ia.ng · ge 
. mb1cr repl:i. with 

lmost Ii 
[ c.an be cd inside 

I makin he 

A l at t; irruj t bo . mod t 
Cusnlffi 

lib t 
In lei a compu lOr. 

it",,: A hi of ue I 
bina ry fill ml . r for U:' 

·"ice checks (or 
en chara 'r. Com 

eS r 

lrlg 
alue 
d 

cirruj( 
, 

:2 

o 

spedf in N . 
c nru.sed 

A Iilrut of . 
- .rtz 

) , Sec 

IOwa re CO mponen( of a 
Lh l slme - f , t ,m tion for ta r 

o 0 -
d-

on: A Jt of malr.JJ , ry Lhal is 
n dm san hold ai 1 

·r "nfol11Ilatic or .5ne In ' pple n 
f. IJy f compu e m . mary 1 cclio olds 
one byte. 

M mo . er: One , me pm in the 
Apple IIGS Toolbo _]ts ". (0 a.Uocale mory 
o l L. ' pplical[O ,. nd desk ories can. 
i Q ' rei berIrt c other 

d (or a 
In 

t- Cadj) (l) . tored pe n lly 
m mOIf . - are CROM). (2) Held 

contirJ lty in RAJyt e n e n in - . D()S :is 
memory-r I cnt pro' rnA Compare 

ide at. 

: A ] 1st f choices . sen[ed by program. 
m wh fch yOlJ (: n se leet a ' etion. See I 

nvtro 

bar:: 111 cuizon tal I the of b 
cr . on lhat co menu tjl 
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ta8 • ,or i,con in th . rn ]11.1 

e melllU. Pressing on 
lite Litle lo be I ghl' in 

menu 0. ap-pear below I 

m ' . Doe of I:hm 

Ole iUinD 

, J'[hII]I de:vj£'e you mo d n flat 
rr: ce :mex [0 0 r cam IJ, r. The m.ou.se 

conttols a POLn[j ' 0 Ih f - _ .hase 
mov nt} - to Lbose o · e m 
y u u the poWer to select 0' 11'lti " I lO . 0 e 
da a. 00 to dr w j th i _ hlcs .programs. 

mouse D om to or the 
mouse. In 

h -b 

microproc.essor u . j 

On. mdlio l"J 'h 

mode m:: -hon for' MOd 
pen phe.r-al devke m I in 
mmpurers and ffifor li 
t 'lcp one !in " . 

or a second 

'onhol" pro f.UIll A SV5l m program 
nhe firmware of Appl IT compu for 

Un " 

directly' ·ns rJ c: the contents of 
min m and .for operatln ' the compu( .r iU 
the .machin -langua e 

M bre laUon for 
method or s:emkon.ductor m( ir il 
fabrication on silicon IlJ,sing 1<'] ye of si ticol1 
dioxide: in III it "- P de J r Com pare 
C 

e. ob ct PJ'to 
gram: The 1:I':M1S1aled Form of 

pr - m roduood by iI. langu gC 1 - r ch 
:as a compiler or a mbl 0 call1ed obj 
cod I Camp , ram. 

d n 

oh 

K banks Df 
pm,g,ram.s n 
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A p I .. famlly key . on the A data 
keybca ey 

n pple icon nd spinner, lh i n used all 
facinlOSh ...m. and aU im,ply the 
BY" 

crune-laIflIg e 
,p r instruction. 

co.nd"llon thal OC n the 

[1'011 

Jon 
mu 

n:ome 0 
mmand 

p r m 

d charac:te 

r rives to p 

l is an even 
o ory 

. j rimer . n 
e' is usually 

ning. 

. [he 

"Sa e of Jevel r oun[, usuaU -
OOU l or 1 bils I r.I. e h ma1'3.Cte I fo! error 
checlti in data Lriln ee en hy, 

pari tv blL 

S"f -te 
after 
. 3SC: L 

:erlh 
iii vJdeo 

ootween 0 

the bound rf . of 
y (as, a 

(as a 
rl/ 

.. ciJrruil 

e of hard rare-su 
o 
computer 
x"ph ·raL 

'. 

. cycle cons ti of 
a 1. (2) The 0 _ 

. dLC SL na1s (] ses. 
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p : . 'hon fou /Jl elenwn e maUeSl. dot 
you on he 
vi 

lOp of a tack 
OLnt 'to the pre rous 

p esoft B . Ie oomIT.i..and th directs 
or bngu g 'prog Ill.. H: 

QUIP Un ROM on 
. rip tr i." j e len RAM by changi 
the address of the 5taJn d ou'[p I u tin ry . 
Lh 

d lo 0 pro:ra min 
, e ce nstructioru th t ark as 

uni ; intately equhra1enl to LhI2 [£ rm 
fun, . in C or -. i B C. 

com 
Lh aew a.1 compu atlon by 

I tnlctiOrL'ii represe rUEd in 
and slot d in. main m mory. 

l'oIDOS: A . 0 peratlo s, - for Ih 
Apple II [amilY' or compl,ll . . . P roDOS fo 

. Opel'al n,g Sysle f d nclude 
niDOS B "nd roDOS] ·. 
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d.l! for lIt . 
• 11. 'It runs on 6502 and 650)2 

joroprocessors and On 1 6 cal n 5()2 
ernul atlon mode. 

Pr D . The 0 em 
des [ . ned for lhe AppJ· G . P Q D 16 is s.imi 
to PIfOOOS bu r ed 10 run on e 
6 (;B 6 miaop . or n the Apple UGS. 

of J tl'U UOM 

e 

ra a pm ram. 

lH"ogn:w m'mable' :rea .. only ( , : A 
fie of ROM dev·cc U1 ( i· r 

[ rication I un] i . or i r vtc:es I which 
3J pro ram ri n [brlc:alicn. 

p A et 0 symbols n 
0Li. ted rules or cony ntions ror wrftln ' 

programs. L.o 0, n , P al are 
prograrnmin ] n u ge '. 

&0: e p:r 

m. Otl e soee.n thaI tells you of 
o if: eed for response 0.1" :acUOn. PI' pi 

USU. takes rh form o . mba I .tl1eSS age I ' a 
dJ log 1;) . I or men Q choices. 
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]adnro h 1 r "Lin , 
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B t or color' monm Or 
ceives separate (t 
'en. a.nd biu ). Co 

mery 
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ri 
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...... _· ... _ .... 11 r. 

· o.ot:ro 
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, G Y [ C n ,crept 
only Rr:nited i1 m r i pl 
only a cmre.spon dingly. limited number Q ' C ]0 

C rrnp 
thaI acee 

, df: ter '-
compurl8 r can process 

lin or corH.rollin a" 

The rules. and convenlions '0 
mmll rue I.e5i wirh Lh 

, yeu rename. cop 
orr:!'. e ni ' ul rJ1es nd 

, ue: ,il i.em 0 , .Ln 0 _ _ :n be ,stored 
m Ii '\!"3Iiable. ruch oiU;, number or a _ 

(1) A location in ' 
,' lOry' W' • lu 

s.ymbol u 
location . 

'" Sho -

limes ' secon 
c ' , r 

scgmenr wbe n usen 3 CO , 
rrin from 0 

mory [0 lion used to ave ' Oi", or -
. \l location. 

(1) A medlu m for i..rans ml tIn ml. r' 

orm of 1m , , ID be displayed on [he 
I od' Y 11.1 , . (2) InformaHoIl 

nsrnincd in .... ideo form. 
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The proce.s..s of 'transfrerri n control 
!a-II ...... - ... in r£SpOrJSe 10 

ffi . Camp 
tar. 
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press. Ihe RelU rn at the en.d of ,earn line as 0 

Y' 

'IL form of compu elF 
m.o , lnto , in for , lion :0 

neveI. eveI retrieved Por more info.nnation. , f r. 
o The ifi 01 Ho b 1: F r.jl j by' Bruce 

To. _ :t_ ... u,i. 

, rlc of Ihrce n g, bilS 
t 

x 
_ t , a s-bl' 

mfla 

65 16 
ntr I ' h A , 

I T On of the l'\VO incl', re is rs in rhe 
, 6502 ' . ors, 



y regl5tet" On of the t i']J and - "r5 in Lhe 
6 C816 and 502 mtcro processors. 

zero p I . The rlf.S[ pa (2 b tlJ ) ,of memory 
in the Apple n mIly of cDmp-u rers. , 0 J led 
,Pi e z . th - Ig -000 r byte or n)r 
add - 1 n page Es zero. only 'til - low-order. 
byte is ft e- d [0 Specify a 2ero- lh-
makes 2.e 1:'0- lions more rod I LO 

ddIcss in both" IIld space. lha 10 0 in 
yother p e of m mory. T 65CSlo 
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