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J: n~rod uc~ion 

Thi1 baok hu bH n writt•n both H • gorwr&l purpoM VIC 2t 
&nd &5t2 miaop ocn,..,,. tutari&l &nd u • speclfic t001plH1ent to &nd 
guido f1r th• uu of a wt of softw&re tools. TM tool1, alang with 
thll baok COftlpriM Develap-2t, • produci of Fronch Sill<. Whilt this 
baok 11 certainly useful by itself, it1 vl.lue ftl&y be 11agnifitd 
c.on1iderably whtn Ulitd in conjslction with the other tools. The five 
software tools aro Tho Asse01bltr1 Tht Editor, Tht Loadtr, Tht Monitor 
&nd Tht Decader. R&ch of the tools is dncribed in d1tail in the 
ttcond section of this text. Ca1wtt1 t ape la the usual distribution 
media for th1 tool1. However, • disk verslon la ùao avdlable u is 
an extended fut..-. vt~on. Includtd In tn. batk of thia book i• &n 
ex changt offtr for those who wish to '-"!lr•d• th1ir tooll<it. 

Thia boole i1 dtsigntd to Nti•fy tht nt1d1 of progru1mers of 
wv1r&l l1vela of 1xperienc1, lncludtng thl very intx~ritnced . It is 
wrltttn In thrlt sections. 

Tht flrst section givts a det&iltd loall at tilt architec\\rt of 
tht 65t2 ftlfciqxocnsor. It1 addrnsing tM>dt1, roglster set &nd 
instructlon set aro exuiintd. Tht n&hft &nd SÙ'Uc1\rl! of data is 
&lso oxplorod. The introduction to HMlllbly language 11 prounted in 
thls w ctlon. 

The Mtond section is directed at providing lnforftlation on tht 
UN of tht software tools which aro &n integr&l part of thls pacl!àge. 
lt will brtng you stt p by •ti p through tht mtch&nlcs of creating, 
modifylng, running and debugging your programs. 

Th• third uction ls vtry VIC-specific. lt providH the 
lnformatlon which is necess&ry to utiliH the VIC'• built-in programs. 
It providH m1mory maps of I.Il of tht VIC'a BASIC operating systtm 
along wlth tht information as to how to use some of the built-1n 
programa. It will teli you how to build eu1t001 characttrs &nd how to 
mw auto- start e&rtridges ~ to program f1r g&ftlt paddlH1 ,ioys\icb, 
blt•lftl&QI graphlcs and to Mlfe sO<nd eHects. Thl &$lPfndbts contain 
&ddltional information on the 6512 and tht VIC AlonQ with SOlllf useful 
tabln &nd N11ple prograftls, 

Norw of the progruos in th1 Dev11op-2t IClt &r1 protecttd, 
so you May "''* capi11 f1r yru- own UH. lnforaation ia provided in 
Ch&ptlH' 6 on •&ICing ba~ coplu of tilt softw&l'I tools. You &r1 

encru-&ged to do thls as soon as possiblt so aa to id1ntify any 
probl11H with tht •Hgnetic media within thl thirty day wUTanty 
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iwriod. \olith th1 ••c•ptian of The l.oàdor, yau do not ha,,. aur 
p1rmiu1on to rt•ove the copyright noticr fl'01!1 tht copiu or tht 
origino!. lt !1 specifically prohibited to mw copies for Ns.lt or 
for distribution to fri111ck, relativn , u50Ci&tn or anyone 11-.. IJw 
hopo yau will rn1>1ct tht leg&l and 1thicd restrictiOM which .apply 
to tht th1ft of ~ftware, both et.rs • nd rvtry~ t iH '1. Whllt this 
product providn toolll which makt such 1.1'19cNpUlous utivitiH nsi1r 
to 1ccompli1h, it il< not the intrnt of Frtnch Silk that you uso tllHt 
tool1 for thi• uw. loie oppose and wish to very strongly dlscour1g1 
tht pirating of aoftwart. \olt would d~ likt to potnt out that tti.rt 
·~• severe ptnaltiH as.sociated with copyright violation including 
hnn up to ue,eee and 1mprisonmtnt of up to one yur not to montion 
clvii liabillty. In the int1rts;t of promotlng th1 continutd 
d1v1lopment of high-qudity and low-cost »oftware tht cOMumer must 
play hl1 &.nd her roles in htlping eliminate thls saurco of ,..,,,..,.,. 
lou t o th1 ~ftw1r1 cavelopor . And, 1S i fin&! l!'Qum1nt, you, tht 
ownrr of thi• l<it a.rt now a mrmbtr of th1 community of M>ftwa... 
dr velop1r1. 1t ls in ali aur interests to htlp di,.caura.~ thr 
continu.d growth of this problem. Thri you. 

Many pt>oplt t nquirt as to tht origin of th1 namt F'rench Silk. 
Thort art stvtral roots. Thr vrry first mochint known to h1vt bH n 
invonttd on plonet Earth with tlle abilìty to contain a ato...d and 
modiflab lt program to contro] its op9ration wu inv1nttd in 1881 by 
tht Frtnch silk wHvor, Jouph-M•ri• Charln J1cqu1rd. lt wu !Oiown 
u tho J1cqu1rd loom and its programs wor1 1ncodtd u • wriH of 
puiched holn on p•per cards , thr domin1nt mHns of program 1tor1g1 
for tht next 179 yurs. Tht inventi"" tmbltd tho crution of 
buutlft.ù and intricate p1tt1rn" in tht flnnt fabric !Oiown to man and 
wu the precursor af tilt modern computer. Tht flnal, forcing factcr 
in the sol1ction of the name wu th1 c.omblnation of tht fauncllr'1 
surn1m1 and his dt1cond1ncy from " lint of silk woave~. <Th• 
caincldtntal o istenc• of 1 delicious and ridi cDl>ftctiM by tll• .... .,. 
name h&d ru lly very Uttle to do with itl. 

Tht author wauld likt to oxpress th&rl<s t a Jim Mtll"fitld &nd 
Tom COlrt for th1 ir h•lpful l>UQgHtions ilnd critidHs of tht urly 
ve~iDnll of thia t oxt. 

lnUde 1lw VIC "· ·-· 
Th• .sse2 - A 0&1:& Proceaaor 

A• thi• kit is fac:l.IMd on th• dtv•lopaent of t<oftwu. thrOUJh 
tM Ort&tlv• UN of IHchinl l&ngU&ge , lt wlll b1 MCIH&l'y to fìrst 
lnle~t&nd tilt •ac:hirw btfoNt lu ming it• b.nguoge. 

You'rt prob~ly awa... th•t thtN is somtlling lnsld• th• caw 
of tht VlC-2t ..nich is ICnawn as tht 65t2 111ia cpocosor. This i• thtt 
he&l"t of th• VIC. It is &lso tht h•....t of tht Awl•• th• Atl.ri, tll• 
PIT, lllM, AlM, SYM, OSI &nd 1 f•w ather mlcrocomputt~. It is 1 
product of MOS Ttchnology, & wholly ownctd slilllidlary of Co"'modON! 
Buslne11 Machlne1. 

Th• 65t2 11 an in1egr1ted drcuit. That la, it 11 a ainglt 
c:hlp of llilicM ..nich hH bullt into lt, sort of lllct 1tch•d onto it, 
th• tltctronìc circuitry which conrwcts th01A&nd1 of microscopically 
•mail 1lectronìc CDftlpcllMtntll. Th111cC1411panents1r1 d•posit.d on tll• 
sllicon by som• ma.r,,.I of 111ocltrn t1chnalogy whlch la b•yond tht scope 
of thia toxt. W. won't go into how th1 llectr<>nica.,.. oroated or how 
thly f\rctìon tlectronìully. W. art inttN1t1d h1r1 in how to uw 
thi• IUc:hilw &nd how it fits into th• 1nvironmmt of tll• VIC-29 
P9f'SO'\&l cOl!lpUWr. 

Tilt pi•c. of 1ilicon c&lltd th1 65t2 i1 pacK&ged in a pite• of 
plastic or c.,. .. ic mat.ri&l abaut arw inch by two lnchn. lt hu 4t 
llttlt bug-likt 1991 c&llltd pins ..nich cornect tilt lnt1rn&l circuitry 
to th• autsld• world. ThH• pins plug into 1 drcult baud which has 
oth•r 1i11llar appuring chips of alllcon, u ch with lta own Ht of 
pintl &nd itll own Internal characteristlca, di fftrent fl'om tht 
c:haracùrl1tics of tht 6512. E&eh of th1 chips hn lta own 11p9cHic 
f\rction &nd topther th•y art combintd, through th1ir canrwcting pins 
&nd th• circuii •tch•d"" th• print1d clrcult bo&rd Imo ..nich thty 
&rt plugged, to ~ 1 mlcroco"'llUler. 

Thls will b1co1M 1110... and moro citar &1 wt dncrib• what uch 
of tht companent chips .,.. for &nd how thty watt< and how they 
c011111unlc1t• with one anather. Tilt dt1eription of th• f~Dl>d 
characteristic1 of th1 &5t2 will compl•t•ly dtflne th1 pracusor ff'om 
tM pragr11111Mf'' s st111dpolnt. Th• 1ltctric&l or 1lectrcnic 
char1cteri1tic1 ..-. of no intltrflt to ua as.,. ha ve no ,..d to 
.....,t&nd tht 11achirw •t th• t ltvel. 

Tilt 6.5t2 i• a claU. procHsor. lt i1 a 11achint which s-rfa'IH 
sllllfll.t optl"&tions of data a&nip.Jlatìan ~r tht contro! of a sta...d 
progra111. Both th• daU. &nd tht progra• ..-. "tared In.,..,.,,.., cltviats 
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wtuch "' 1ntogratod circuits eloctrically conMcted to tl\e 6582. 
Pr09r•m" •rt i& spectil clas'!> of data and we w1ll t xpJ1.in progrlmS 
.lfter wt discuss data ma nior·e generai s•nse. 

D•h 1s 1nfor mahon. Il can b• tht b.tlu>ct of ycxr chedting 
•ccount or the gride yOU< phys ics teachtr gavo you or tho position of 
PAC-H AN on YOUf' .,ideo screen. 11'forma1ion, •s 11 JS s1ortd 1ns1de ihe 
computtr 's memory dovicos 1s coded by a speci•l nt ol simplo rules. 
H•mory drvices i,..P composed of thousands of cells, or stori1.ge 
loc•tions, whore th• o•ta is Kept. llach coli is compoHd of eight 
sw11c.he5 whtch can be turned e11htr on or off. Wh1n tht letter " A 1' is 
pressed on the '<eyboar d of your VIC1 some el1ctronic cir cuitry will 
autom•ticllly create a pattern of eight switch sttli"ll• which is 
unlquely 1denhhed as the pattern for the letter "A". This is the 
code lor " A• . e:very charactor has its own cod• •nd tt is different 
from di th• other charactor•s codes. There •re only 256 d11ferent 
unlqu• codes wh1ch car. be constructed lrom eight switch .. ttings. 
Thrre •r• thtrefore on\y 256 poss1ble diHtrent char&ettrs wh1ch coln 
br ,..prtunttd and stored in th• memO<'y clnps ol tht VIC. That's 
sulhc11nt to hlndle A-Z, 8-9, ali the specul chor•cters and the 
grophlcs ch•ractor<;. 

TheSf switchrs •'O u<;.ully callrd "blts". Bit is ohO<'t for 
btn&ry d1g1t. A digit may have 18 possible valuti, 8-9. A bit may 
hove two possible values, t-1. A bit which " turntd on may br 
thought ol U havmg the value of I and if it 1s oH , it is l e. So 
charoctors •re represer.ttd as • string of •1ght bits w1th bit values 
ol r ithtr e or I. The actual bit stoing for thr letter "A" is 
e1eeeeet. The coding schemo used is an intern•Uon•l st•ndud callrd 
ASCll , whlch stands lor American Standard Code lor lnformation 
ln1tr<h•"9•. 

Thr 6582's d•h lin~ w1th 1he memory deviCH 11 collrd the d•t• 
bus. This 1s nothing more than o1 set of eight lines, or r lrctrical 
conntctions, betwffn the memory chips and tht 6592. Whon the 6592, 
under contro! ol a program, wishos to eithor tran1ltr data to or from 
a memory dtvtcr, i t sends •n elecirical sig"'l on th• R/U <Re.d/ U!'itr l 
Ime, ttlh"ll tho dtvtct wMch dìrection tho data 1s to go. Since the 
meinory dtv1ct c1.n s.tore thousands o-f ch•r1.ctt~ of d•t~ . i1 i s 
necessory lor thr 6592 to te ll 1t which s tor•g• loc•hon it wishrs to 
gel d&t• lrom or send 1t to. lt does this through lliothtr set ol 
electr1c&l connt<hons callrd the address bus. E:very storoge celi 
w1thin the mtmory device his a uniQUe 11.ddr.ss 1ssoc.i1ted with it •nd 
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wht n tht s tgnal com•• to do a data traMftr, tht m• lllOt')' dovicr is 
designed to uw th• inform•tion sent on tllo &ddrH1 b~ to lCnow which 
coll i• beinQ wlrcted. E•dl data cell hold1 elght bits of 
inform&tlon. Tlli• buie l.l'lit of dat a, cdled & byte, i • tramferred 
ali • t once along tM 1ight ~·dl•I 1lectrlcd comtctions ICnown 
col11ctiv1ly n the d&ta bus. 

Tht addrns bus is very s imilar to tho dat• bus eu opt it hu 
si.xtHn paroll1l 1l1ctricd canntctors. Lil<lt tht d•t& bus, th1 address 
bus imorm&tion is coded in binary. Tll&t 11, each al the sixteen 
linn m•y have only one ol two possible stat.s, a e or a I, prosented 
to lht dtVÌCH lS e or +S valts. Tht busn ...... connected diroctly to 
tilt pini which go insi.dt tht plastic pacl<.lgt •nd comtct to tht 
internal microcircuitry on the silicon chips. Tht sixteen bil •ddross 
bus allows for 65536 difftrent &dclrlsuble momory locations where dat& 
may be stor.d. 

Finally, thore is •contro! bus which contalM lines which 
ht lp to contro! tht various chips in tilt VIC. Tllt R/W line mentioned 
lbovt 11 onr of tht contrai sigNJi;. With tilt tx coption of the 
intorrupt linos, discuswd later, we don't netd t o lCnow mudl about tilt 
contrai b~. 

Boc•UY tht &512 transf"rs and procnsu data oight bits at a 
time, it is IO'>own Han eight bit iw-allol pr'OCHIOI'. Th• n•xt cllapter 
wlll go into more detail on the fermat ol th• data u it is stored in 
thr mtmory devicH. 

Memory dtvic•• come in two basic v&ri1ti11 u al this writinv. 
ROM is rud-only memory. \Jhen tht power is turned off ROM doesn't 
101.t i t1 cont1nts. ROM is a l<ind of chip which may be "Read" but 
not written to. lts contents are "bumod-in" at the factory. There 
i1 a 1imil1r l<ind of mtmory d1vic1 calltd & PROM which stand• for 
Programmable ROM &nd it may be modifi•d by a 1POcili piece of hardware 
calltd a PROM progr&mmer. lt must bt tru1d by lllining ..,. intense 
uJtravioltt light on its top '5Ul"fac• lor some pr1scribed length of 
tiOI•. 

Botti of thru difftr from th• other main l<ind ol Rltmory Mvict 
whic:h is c&llt d RAM . RAM is badly misn.o.mt d. l t 1hould bt cdltd MOM 
for MOdifyablt KtlllOt')' or RAW for Rud And WMtt . RAM st&nd1. lor 
Random Acctss Memory, which Rle&n• you can utract d&tl from it in ury 
Mq&Jentl you want. The , .... thing is tM.19 of di (Ul'ffntly avul&blo 
typu of momory, including ROM. 

Arryway, the differences bttw.•n RAM &nd ROM 11 that • program 
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c•n writr to RAH and chAngt its contonts •nd whtn thr powrr i• lu'ntd 
off tht conttnts of RAH ..-. lost, whtrHs ROH cAmOt bt moclifitd by 
•ny progr>m .....Str •ny circums.tlnCH • nd wht n tht powtr is t\.NWd off, 
tht contents of ROM art l<ept inhct. In tht VIC, ili of tht oporating 
systtm programs anel tht BASIC int•rpr•t•r •rt in ROH. Th•t ls why you 
can rui BASIC progr.ms as soon as you tum the m•chint on, without 
h•vino to load &nything from hpt or disl<. 

Pap 2- 1 

The 0&1:& 

Bits. Bin.&ry digits. Its actullly • contr•dictlon in terms. 
BiNry mt1ns i1 c•n h1n two possiblt viluts. O!git impliu ton. 

Tht bit is tilt most buie ..rut of imorm1tion. lt is tht 
fO<Jnd1tion of I.li otht r more compltx info••mation form1ts. lt is tht 
only l<lnd of inform•tion which may bt stored in• "digiti!" computtr. 
A bit m•y havt tht v1lut of t ithtr ont or uro. A byt• is • grouping 
of tlght blts. Tht 6592 is c•ll•d an eight-bit micrcp<'octssor. This 
la btcllJSt lt processo 1nd sterts dato tlght biti 1t a time. lt is 
more convioni•nt for the PUlllOH of Lf1dtrshnding the naturt of 
computtr dati to brul< the eight bits into two four bit s-ctions1 
rolltd nybblts. 

Thtrt &r• rx1ctly sixtHn unique four-bit combinations of ones 
anel zoros such that no two >rrl1'19tments ue &li l<e. Thrrt is a common 
shorthand notation for id•ntifying thnt sixtun ~tttrM. Jt ;oes 
lil<e this: 

8421 8421 8421 8421 

8888=8 8188=4 1888•8 11 e&aC 
8801=1 8181=5 l 88 le9 118 l • D 
9818=2 e 11 &=6 1818=A I l I 8=E 
88 l IE3 8111=7 I 8 I l=B 111 l•F 

lt's • convitnitnt i;horth•nd systrm btc&uH it i• usy to 
rtmtmbtr. lt simply numb•r• tht pattern• from e to 15, t•ctpt, in 
l<etping witll the idra of using 1 ano choruter code far 11ch p&ttern, 
th1 numbtrs 1e-1s art called A-F. So, pattern 12 1'• c&llod "C" and 15 
is "V", tic. lt's got &nothor advant.91 tao. The ~horth1nd labol 
systtm hu &n order which m1kes it usy to rtmtmber. lf the loft-most 
bit position may bt consioered to n&vo the v&lut of 8; 1nd thr nrxt 
po~ition, the vùuo ~; and tht nrxt, 2; and tht lut, ono: thon the 
bit p1ttorns m&y bo converted to th•ir l&bols by addlng tht bit vdun 
o+ tht lndividuU bit positions. Far ex1mpl1: ltlt hu • I In the 8 
positlon, 1 e in the 4 position, 1 I in tht 2 position, and 1 e in tilt 
l positlon. So its labtl is "A" because 8 • 2 • lt and "A" is tht 
code for lt. Likewiu , 9119 is labr led "6" btcauu i t has no 8, ono 
4, one 2 &nd no I. 
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Th• loftmost bit pos1tlon 1s c,allod lhe "most-significant• bit 
bte•~• it h&S tht grut .. t bit vdue. lt is also cùled lh1 "high
order• bit. Li.J(ewìse, the rightmo1t bit is tho "lust 1ignlfic.int• or 
"low-ordtr bit". 

Note that ali the odd numbors h•ve • one in tho rightmost bit 
positlon. Ali th• ovon numbers, •zero. 

Vou con now seo th•t tht 1horthand notation for idontHying • 
faUI' bit data field is very logic&I and it is not hard to conv1rt baci< 
•nd forth betwun th• bit patt1rns and th1 pattem codt. This is 
important because .,. mochine langu&g1 proqrammtrs 1 - h&v1 to end~ 
worl<ing • lot with bits. This i• btcause the 6582 •nd ali of the 
momory dovicts stare &nel worl< wìth &Il data codod as bit.. 

Th1 addr.sses of whtrt d•t. i• loc•t•d within • memory devico 
is lil<owìse represerrted and tranderred on the •ddross bus in bits. 

Now, •inc• data is sto1'9d &nd rrtri1vod to &nd from tht mtmory 
dovici• oight bits at • time ( called •byte of data >. it tal(es two 
•horth•nd codts to describo tht bi! conteni of thr dai&. A byto of 
dat• which hu a bit structure of 1189 etee would br id1ntifi1d 11 

having lhe two-characlor code of "C4". Thr bit struclurt of tht codi 
for tht lettor "A" would be "41" becoun the bit pattorn usignrd to 
"A" In lh• ASCII coding schomr i• e 199 ete I. lt 's htlpful to s it wìth 
• P41ncil and paper and wrilo out bit p•tt•rns and figUN! out what 
th1ir codu are. You should •IMI start with lhe cod .. e-F and conver t 
b&ck to bit pattems. 

Th•t tn1re .. rr 256 ways to rrpresent eight bits i• obvious 
+rom the f•ct that there are sixtoen possible first characters of the 
two character code which idtntiliu •n •ight-bit pattorn and sixtttn 
pouibl• stcond characters. And 16 times 16 = 256. If we want1d • 
byte of d•h to represtnt a numoric volue instead of &n ASCII codod 
ch&ractor, we can He that it could represent any valut between e and 
255. The 65t2 dots, in fact, 5om1timn treat dah u if 1t is numoric 
instHd of character data. Us ing tho Hmt t"'o-chor&cter code to 
identify •n 8 bit pat1em, .,. can convert betwttn tht numeric v&lue 
and tho two-char.cter codt quitt u sily. For ,,.ampie, to convtrt +rom 
"A6" to ib rumoric value, - would multiply U timn 16 ( "A"= it l 
and add 6 to givt 166. LiKewi .. , to convert "4F" to romeric..,. would 
multiply 4 timts 16 and •dd 15 I "F" • IS l to giv• 79. Jt' s 1ny to 
Hl that the maximum vllut of "l'F" • IS timn 16, 124•> plus 15 to 
givt 255. 01 course, the minimum would be "86" wnìch ìs <t timn 16) 
plus e. 

, ... 2-a 

How aòout going tho otn1r way? lf - w&nt to errato the bit 
patttm lor somt l'IUlllber in the ronge of e - 2551 ..,. only h&ve to 
divide tne number by 16 to gtt tht fiNlt character of tho code 
<rtmombtr to t ransl&te lt thru 15 to A thru Fl. Thtn the r tmainder of 
th1 division is the second ch&ractor. Now to get the bit p•ttem we 
,Wt lool< it up in the littl1 bit pattr m tablt. l'l.lt th1 first four-
bit pattern together with th1 ncond •nd you ha ve an eight bi t p&tlern 
which r1prosenls th1 numtric valut. Not hard •t ali. Lets try it 
with a lew numbers. Ta~ tilt number 169. How many timts do.s 16 go 
inlo 169? Right. And how i• that roprosented in our • inglo character 
code? As tho letter •A". Th1 remaindor from dividing 169 by 16 is 9. 
So our character-codt reprownhtion of 169 i• "A9" ond if - go to 
the bit pattem bble, we will see that the bit patt• m • aro 1e1e 
!Hl. 

lt ìs a valuoble extrdH to prutice converting bit patt1ms 
to char&cter-codu and from character-codes to decim•I and +rom 
decima! to charactor-cod11 &nd ch•ruter-codn to bit paltems . Vou 
"1lll find a tablt of ali 256 bit pattems and tht corresponding 
characttr-codes and corro!li)Dnding decimai v.ùuts in Apptndix B. Vou 
1uy check yoUI' succtss with the tablt. 

Tht charut1r-codt s yst1m fo!' id<Pntifying lht various bit 
patt1ms is , H you mlght IOiow or have figl.l'ltd out, what in computer 
circlu is cdlld hoxadttimll. Numbtrs, wh•n roproHnted in 
htxadtcim.ù, .,.. usually proceedrd by • •s•. Hl i• the hex 
ropreuntation for tht ASCII code for th• lotttt "A". Thls removes 
1.ny question as to "1htther th1 number is decimd or hexadt cimal. From 
now on .,. will follow that convtntion in this text. 

There i1 another convention which ir. widtly und to ldentify 
lh1 indlvidu.I bils in• byte. Tht bits are romb1ttd 8-7 from righi 
to lift. Tht high-ordtr bit is th1 7-bit and tht low-crdtr bi t is the 
• -bit. 

Wt diSCUSHd th1 "''Y to rtpreunt tht dteim•I ruobtrs from e 
to 255. l'ho saa1 g1neral t1chniquo may bt uwd to repreunt rombtrs 
ft'Oftl t to 65535. lmtH d of two hu chàracbrs reprtwnting.,,,. byte 
of dato, - nud four hex ch&raclt1'11 repreunting sb tun bits or two 
bytts. Now IN first p&ir of hox char•cte1'11 m&y bo followed by any of 
256 pairs of h1x charact .. 1 <Hl - t fF l. So th1 total nu11ber of 
ponlblt COl!lbination. of four hex charutors i1 256 timts 256 DI° 

65536. Tht &ddrus bus il • ixteen bits wide. Which 11 wny there .... 
uactly 65536 unique • ddrnw1 pou!blt. "°"'' it ls frequontly usef\11 
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to bo ablt t o conveM dtcim&I •ddresws into hruded m&I. W. uw how 
to do it with • singl• byto of two hex ch&r&ct•~ (8 bitsl. W. 
dividtd tht numbor by 16 to get th• first ch&r.tctt r .tnd th• rom&in6or 
was th• second chuactor. Th• procns is s imil&r fot' going ft-om • 
numbrr largrr than 255. 

\.lo divide th• rumber by 256 to get the first hall of the 
answrr. Thi1 wìll be • numbtr betw••n I and 255 . The remain6tr will 
be tht second h•lf of the answor. Both of thne dtd m&I numbers c•n 
thtn bt convtrtod to t hrir hoxadecimal counttrp&rll by tht dividing
by-16 h chnique . These htx digits can be thtn easily convtrted lo 
bii! (blnaryJ by looKing lJ!l the table or retrioving it from our 
biolog ica! memory device. 

Ltts do an example : Say we want to gtt the binary value (bit 
configuration ) of the decimai number 47(192 . Tht fint thing we do is 
••• how many timts 256 will go into 47892. Tht answtr 1s 187. Tht 
rtm•inder is 28 . A lin• of BASIC code to do this comput•tion would 
b t: 

HA • l NT I NUM I 256 l: HB • NUH - HA • 256 

HA ls the first hdf of th• answor m dtc1mal. HB is tht 
socond h•lf. l,J• stili havr io ta~ 187 &nd 28 &nd brtlk them into 
lhtir two hex components. \Je do this by div1ding by 16. 187 I 16 e 

11 with • romundrr of I I. So the first two hox digits &rt tBB. 28 I 
16 • I w1th • remainder of 4. So the complett answer is SBBl4. Th• 
bìnary equiv•ltnt of SBB14 is 181 I l&I I 889! 9188. To double check 
our answor, we go baci\ the other direction &nd convert 18814 to 
dtcim&I. 114 • U • 16> +4•20. I BB•( 11t!6 ) + 11 • 176+ li 
• 187. ( 187 • 256 l • 2& • 47872 + 28 • 47892. And th•t's thr 
numbtr w• s t.M•d with. TMs process should bt practictd. lt is very 
ht lpful in sohdifying the und•rstanding of hrx •nel bin&ry •nd thair 
rtlationships to dt cim•I numbrrs . 

lns!de 'l1le VIC Pav• s-1 

The Pr.oc• ssor-

Tht 6St2 is • 111&chine. Its moving parts art rlrctrons .tnd th• 
only wori< i t don is with d•t.. li hu somt inttmd d•b stor•g• 
which is idrntical in "'-ture to the d• h stor&ge 1n the m•mary d•vices 
to which it is attached through ils .. ternai connedors. The internal 
stor&gt is Known .. the ma.chine' • registors. Th• re91sttrs ue eight 
bits widt •nd thtre •re only seven of thtm. Eoch rtgisttr has som• 
sptcl&I ch&r&ctrristics ;n th• w•y th• 6592 can utilil• the data 
containr d in it. The data procusod by thil m&ehint i• stored in the 
.. tern•I memory &nd the registers. Processing consists of 
manipulatin9 the data in •ome logica! uqurnce which rnults in 
accomplishlng some desired gDil. The 6582 proctssor does its 
procusing of d•b by int•rpretin<J and execut1ng "1nstruct1ons". 

lnstructions are data. Th•y are stored in tht m• mory devices 
•• tight bit bytn which •rt precodtd e progr•mmtd ) to m•kt th• 6502 
do oome du ired ~ratlon. Tho first bylt e>f uch instruction is 
colltd the Op.r&tion Code. The 6512 hn pro-progr•mmed circuitry 
bullt in ta lts microelectonics , etched onta lts sllicon chip, wnich 
can dt code oper•tion cod•s anel h gurt' out Wh&t it 15 supposod to do 
next based on the bit structure of thr operat1on code. Th1s logie 
comH wlth the 6592. The bright electronic tnginHrs who designed the 
6592 •I 110 5 Trcllnology b.cM in !~75 figured out how to milKe the 6502 
intorprtt bit stl".Jctures •nd to taKe whattvtr oction each Dp1Pration 
code wu des19ned to maKe it do. Thty prepl•nned • s•t of data 
m1nioulit1on operahons which they th0U9hl would ba useful for a 
microprocessor lo b• able to do and then set •bout designing the 
machint and th• operdion codes so that thoH operations could be 
tnterproted &nd perfo•med. Tht way tht protnlltll' is programmtd by you 
tht progr.mmer is for you to pl•c• in the mtmory of the computer • 
stqutnct of instructions designtd to maKt tht 6592 do some prtsuml.bly 
ustful tu~. You choos• thr instructions cartfully lrom thr set of 
• v• ll•blt instructions which the 6582 u n perform. You code these 
instructlons in th• l•ngU&g• which tht machine e&n undtrsbn6, machine 
l&nguage. Each instruction has a ~c1fic bit po.ttern which is 
undrrstood by tht 6512 to mu n perfot'm t.0m• optr•tion •nel use ono of 
tho 13 • ddnssing modPS. 

lf you hovr an uwmbltr you t&ll write lht 6582 instruc1ons in 
&n undtrshndable fermat whid1 makts somt sense ta humans wh•n th• y 
rt&d li. Th• usomblr r will thrn convt rt tht hum•n undtrst&nd•ble 
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prcgr•m into • m.chine o..ndtrund•blo vquonct of bit pottems <bytn >. 
Tho Antmbler is such a prcgram for tho VJC-29. The next wction 
ttlls y<:AJ how to use it. In this settion ,... will uplore th• 
6.592' ..-chltttturo, its rrgisttrs, its instruction set 1nd lts vilrious 
•ddNts5ing modo. fi"'t' th? registe••· 

Th• 16-bit Program Counter Reg15ter is .ctuilly two 8-bit 
ro9i•t•r•1 the PCL •nd PCH registers. Thest two registtrs tre always 
uud n • plir. Tht "PCH" shnds for PMJ9rom Countor High •nd "PCL" 
•t•nd• for Progr•n Counter Low. Togtther, thoy 1r1 uud by th• 6592 
to form • 1ixt11n bit •ddress pointer. The 6582 movn tht conttnts of 
thn• two rogisters to the addr••• bus whon lt wants to fetch on 
instructlon from somo memory chip att.ich•d to the 658 2. 

Tht Program Countor tells the 6582 whor• th o ..,.., ln• truction to 
bt utcuttd i• loc•tod in me!llory. When th• computtr is turned on, ar1 
initi1liut1D11 process occurs autom•tically. This procus lndudes 
moving tht d•t. conta.iNd in .iddres50s H H C .nd H HD dirtctly into 
tht PCL and PCH respectively. Addrnsts sud> n th11 which are stored 
in mtmory • nd point to the starting point of some ot htr pnJ9r• m •ro 
calltd •v.ctors• . This is how the 6582 finds th• • ddrus of its lirst 
instruction to bt oxocuted. So, every 6582 must have the .iddress of 
the btginning of the first pnJ9r.im to b• exetuled prHtONtd •t IFFFC, 
IFFFD. Thi1 must obviously bt in ROM. 

Thls inltidiution process occurs •t power-on time 1nd 
whentvtr tht RBSBT button <.ivailable on somt exp•nslon chu•i• but noi 
on th• stand1rd VIC) is pushed. After uch oxocution of •n lnstruction 
by lht 6592, tho Pr09r•m Counttr is intrtmenttd to tht next 
instruction, &nd so th• program flow occurs. 

Tho A-rog m•y be th<:AJght of u tht Arìttlmttic rt9lsttr. lt i• 
oft~ tllltd tho Accumulltar. Lil<a d i th• registors, lt i• a one
bylt 18-bitl rogister. lt i• ttl• pl•ct whtrt •rithmttic operations 
occur. Ins1ruction• like ADC e Add wittl ~Y ) .nd SBC ( &i>V-•ct 
with C.rry ) c•uw d•t• to bt •ddod to or S<A>V-•ct•d from ttlt A 
Ntgisltr . Tht A rtg m•y be ll>lMd Cnew vali.li!' brought into itl wittl on 
ins tructlon IUCh u LDA (l~d tho A...-.gJ. lts contontl m•y bo stor.d 
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out to some memory loc•tion with on instruct!on such H STA (Storo tho 
A...-.gl. Tho •ddNtu in mtmory whert data ls l~dtd-ffoto &nd stored-io 
is spocifi.td by ftrther lddrtsslng information providod to ttlt 65t2 by 
tht progr•m in • mo.mer discuned in tho next ch1pter. 

Reforonces to "STA• or "LDA" instructiom art referring to tht 
nHmblor langu&ge llnglish-like mnemonic whkh gots trAMl•ted into a 
m1chlnt llngu&ge instrvction rt<OCJniz•blt by tht 6512. Thtre is • one 
for ont corro'l"'fldonct between usombly langu&ge st&toments •nd 
m1chint l1ngu.ige instructions. 

11w X and Y Nt9i•tltrs 

Thtrt are two oth•r "working" rtgisttr1' ulltd tho X •nd V 
registors. Thnt artt •lso l<nown H th• indox rogiaters. Theso &re &Il 
eight bit sto ... go registers in tht 65t2 chip itstlf. Tht X lnd Y 
rtglsttr• are uvd mostly in addrnsing fin:tions 1s expllined next 
chaptf'. Tht X •nd Y registers m•y both bt lo1dtd from momary with 
instructions !IUCh as LDX lnd LDY. Thty ""Y bt und <storedl in 
mu1ary with STX and STY instructions. Tht y may also bt lncreaenttd, 
dotN11,,.ntod, ond compored to data in txtornll mtmory. 

Tht ... cond 256-byto block of mtmory (Jtltl- U l Hl i• usod by 
the 6512 in• spocid way. Jt ls talltd tho StACk. Tht Stack is • 
spt!ci&I storagt block which i• 1utom1tkally utili ztd by cert.in 
instructions. Il• primary ru•on for exìstence is to allow subroutin• 
•n11tlng" 1nd to illow for tht smooth h•ndling of lntor~s. 

Subroutines are program segmtnls which Cln bt exocuted by many 
difltront pr09r1!lls. Thty are 5Ub-progr1m1, whlch •rt ,i.Jmped-10 and 
roturned-from. They sove h&ving to writt commonly usod progr• m 
Hgmont& ovor .nd ovor again. Tho st•ck is tht 6Sl2 's cD11!mll'!Ìtltion 
mtchanism for rem1mb1ring ..... ,.. • uroutino ., .. •callod" from. Th• 
JSR (Jump to &ilroutinol instruction is "Pl•ined in dttail in Chopt•r 
5. Suffice i t here to u y th.t ttl• JSR c&UHI ttlo IJl'Oll"•'" to .i.J111P to a 
"'*>routine in sue!! • way th•t tht sù>routirw can ,..turn to tho 
i.Mtruction afttr ttlt JSR ora it is done dolng lts processinQ. The 
65t2 uvts ~ retum &ddreH on tht •lack wllen a JSR occurs. lt 
pulls it off the stacK whm tho RTS (rotum frOtll Subroutinol ocars. 
Tho positiDll of tho next avlillblo sud< locat!on far ,..cotdlng Nttum 
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•ddrenn is ~pt in the SP. The SP is initi&liad by the VIC st&M-
up program to the valu. of SFF •t power-on and Rl!SKT time. The high
Ol'dtr byte of the st&ck addren I• alwaya Hl. Thi• i• flxtd lMidt 
tht 6592. Tht fir5t timo a JSR lnatruction is 1xeart1d, tht addreH 
of whtre to rtturn to is puahtd onto thr stuK at SetFF and StlFS:. 
The SP ls then decremented by two so that tht rww valu1 of tht SP is 
stlFD. Tht llU>routint calltd by the JSR m1y thtn cali addl1lanal 
subroutinu &nd the rettrn •ddl"HSH will be st01'1d below tht tnitial 
rettrn addl"ess. There may br up to 128 ltvels of S\broutinu ulling 
othor aubrouiinu . S:u:h subroutine lllUSt haw as its Jnt ln•truction 
• RTS (l"lt\rn ff'om ~) instruction which caUMs t:ht 65t2 to 
load the PC with t:he savrd addreu from tht stael< and to incrt01ent tht 
SP by two. Thus the rehrn to tht addrtn from which tht MJbroutint 
wn callod. 

lnttN'upt• are caused by an 1l1ctricù signal to tht 6St2 fro111 
tht out!llde world. Thtro .,., two lntorrupt ltrws attached to the plns 
of tht 6582. One of them, tht NHJ Une, will uust th1 65t2 to bt 
int1rrupt1d regudless of what lt i• doing. Thia is cal11d t:he Non
MHk&ble lnttrrupt. Thi• fadlity i• providtd so that hudw&re ""1lch 
hH criticai timing r~ments IHY cause th1 6St2 to grvict t:htm 
iWIMdlately. lt is &!so providtd u • mt&M of unccndltlonally 
b<-t&king into t:ht procening of tht e achlnt lf it is ~cttd th&t 
so•thing hu gone •wrr in a pl'OQI'.,,, 1nd thtre is no othel' way to sleze 
contro! of tht machine short of t\rnlng it off and t\rning it b&ek on 
aga in. 

Tht Dther l<ind of inttN'upt I• a mask&ble interrupt. A W1t1na 

exiats to prev1nt tht lnterrupt from bting urviced. An inttrrupt may 
bt 'ma5*d" <made so it can't bt gin by th• 6'92) by the m11na of an 
"lnttrrupt disablt" bit in tht Proctnor status reglster. Hask&blt 
inttrrupts are those whou tltctrlcal cannections al"e to tht IRQ pin 
of tht 65t2. 

&th kinds of inttrrupts are h&ndled in &bout t:ht .. .,. way by 
th• 65t2. Tht 65t2 finishes procusing t:ht instru:tion ""1ich ,.. .. In 
progren ""1tn tht intlN'upt signol wu recognind. lt th1n HvH t:he 
PC on th• •tull ilst as if a JSR had bun 1xecuted. Addition&lly1 it 
aavn the Procnsor Status Rtgiater on tht stack and decrelMnta the 
at&d< by thrn. lt now loads tht PC with tht address fOU'1d In 
loc&tion .,,,A and tFHB fOI' a NMJ lntrrrupt or SF,,I and .,,,,fora 
nan-masl(Ablt lnttrrupt. Thtg locations must have bun pre'"P'C9r•11mtd 
to contaln the &ddreags of th• programs which were writt1n to Mrvicr 
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the lnteN'upts. 
Tht lntorrupt proce11lng routlnts must bt exited via a RTI 

lnatruction <Rtt\rn fram lnterrupt>. This acts li* tht RTS 
lnatruction except that th• ProctHOI' St&tus Regiattr I• reloadtd from 
tht stacK btfOl'e the PC ls pulltd ff'om tht stack. In thi• fuhion, 
th1 inttrrupttd pragr&m "'"Y continue whtrt it wu lntel't'upttd and the 
statuw af the machirw wlll bt u it wu at the ti'"' of lnttN'uption. 

Tht stack is also used by the PHA and PHP instructions to 
atore tht A-ff9 and th• P-reg respKtively in tht sb.ck. This is ustd 
to p&H infornmation to th• Slbroutlrw. More information about these 
ln.tructions may bt f<U1d in Chapter 5, 

Thr Processor Status Rogisttr is a collection of tight bits, 
somtlmH caJJed flags, whlch rtfltct and contro! tht operation of th• 
6592. The bit usignment of tht P-r•g is: 

TN 1h9&tiw Bi1 

P-reg b i t position 
Statua- b i t hbel 

76:143219 
tf.J BDIZC 

"N" is tht N19ativ1-blt. lt i• t1n11d on by t:ht procuSOI' 
upon the txtcution of cert&ln lnstructions. lt reflects whtthtr tht 
rHult of an addition Cl' subtr&ction is negative°" not. A I V.al<» in 
th• Negativi bit indicatn •negative result. This bit lt1 Mt by load 
lnstructioM and compare lnstructions tao. Stt the chapttr on tht 
6't2 instruction sot for a complttt txph.nation of 11.ch lnatruction an 
how Hch affects the various status bìts. 

TN Owrflow Bit 

Tht "V" bit i• tht ovt rflow bit. 1t reflects wnether or not 
• two•s complemtnt" overflow hu l"esultod ff'om a SBC <!U>tract with 
Carryl instruction. lt is also set by the BIT instruction, Sn the 
descriptions of thos1 lnstructions far • mOl'e co,.plot1 explanation. 
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ThehlltB!t 

Tht "8" bit is H t by the processor Wh•n a BRIC lmtructian is 
• • •cut1d. Tht BRIC i!Ktruciian ClUH5 an int1.......,t to DCC\r. lt is. 
sottwart int11Tupt, ustd mostiy in debugoing m.chint language 
programa. Tht BRX interrupt is processtd &lmost UIW a masl<ablt 
intu't''4)t . Tht Hmt vtctor is used by tht 6592 to f ind tht addrus of 
the inttlT\4)t proccessing routine. The only way tht proctning 
routint can ICnow if tht interrupt wu a softwu• or h&rdwart inttrrupt 
is by 1umining tht ' B" bit in the Processor Status R1gistor which has 
bttn stortd on tht shcl<. Tht BRK is not mul<l.blt, but it u11u tho 
mu.ll&blt interrupt voctor. Also, the rettrn addrtss stortd on the 
stuk is tht acldrtn of th• BRK instruction plus two, 

The Illldllal Mode Bit 

Tht "Il" flag in tht P-rtg is a CUI to tM procrslOI' to do &li 
ADC and SBC instructions in O.cim&l mode. In decim&l mode, the data 
being addtd or Slbtl'acttd wi11 bt auumtd to bt compDHd of two 
dtcim&l diglts ptr byte. Each digit is coded as a folr-tli t p1tt11m 
having tht rangt of v&lUH se - f9. Tht rango of v&luu Which can be 
cantained in a byte is t-99 decimai. Tht n1m1 of this data typ1 is 
Binary Codtd Decimai <BCD>. 

lf tht Dtcimal mode is clur, the ADC and SBC lnstructions 
will trut th1 data bting added and subtl'act1d H olght-bit binary 
v&lun in th1 range t-255. 

Tht "D" bit may bt ut 1nd clured by the program with SED and 
CLD tnstructions. 
,,,. lntefn4rt Diulil. bit 

Tho •1• flag is th1 int11T'4lt"'l!isable flag. lt 1111y bo nt with 
the SEI instruction and clurtd with tht CLI instructian. Whtn nt, 
only nan-ma!Mlablo and softw&l't! int1rrupts may ocar. Whtn Cl11r , &li 
intorupts 1.rt 1nabl1d. 

Tht " %" flag is wt llJ(a ti.. "N" flag, by arithmetic and l~d 
and compart lnstructians. lf the rtsult of thrst cperdions givts 1 

iero ruult, tht 1-fl&g is sot. othlrwiw it is cloartd. 

lneldt The VIC 

The~bit 

Tht •e- fl1g is tht CIN'y bit. l t is wt by additian, 
S<Jbtr&ction, shift and COmp&l'I i!Ktructions H wtll U the Sptcific 
SEC and CLC instructions. 

Tht N, v, l and C bits 111y ~ bt tntod by condition1.l br1nch 
instrudions. A full oxplanatian of this facility is provldtd in tho 
lollowlng ch~F>ttrs. 
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P r o cessing 

Tht !nstructions within tho progr•m which contro! tht procossor 
c&use it to tlthrr : Il lo&d d&t& from momory into oiw of its int.r.W 
r1gi•tor1 or 2> to mov. dati from one registor to •nolhtr or 31 lo 
star• d&t& !rom orw of the registors into mtmory or 41 lo mod1fy tne 
d•t• In ono of tht rtgistors by som• uithmetic operotion or Sl to 
causo • changt in th• flow al tht pragr&m. 

Tht 65t2, H it docodes uch instruction &fltr h1vin9 fotchod 
it from mrmory, discovers thrte things a.bout the !n.truction: ti th• 
numbtr of bytn the instruction tal<es in memory; 2> the addrns1ng 
modo of the instruction; 31 the opor&tion to be performed. The 
operation codi t&llts only ano byte lor every 1nstruct1on but some 
instructions nood te supply the p<ocossor •ddllion• I inform.tion 
boyond lht 01>-codt. This is tilher address informalion or data. Jf, 
lor 1umpJ1, .,, instruction's ptrpDH is to direct the procusor to 
•loro lhe dah conh.intd in its A register into 1om1 loc•tion in 
momory, lt n .. ds to pl'Ovide the 6582 the information u to whtre lo 
start il. Thls could tallt one or 1""' •dditionll bytu dtptnding on 
tho addrening mode. 

B&ch Oll'Pr&lion codt hu cod•d into it tht inform&tlon •• to 
wh&t •ddressing modo should bo uud to &ccomplish tho dosirod 
oper.tion. Th1 651 2 hu thirl .. n &dòreHing modes. 

AllllOUJ"l'I MODB - Ab•olutt adressing requir•• a thrn byt• instructi0<1. 
The flrst i• thr op-codt U>d lhr next two uo thr two bytu of addrtn 
inform1ti0<1. 

You rte&ll that il t&l<H two bytt1 < 1ixteen biti > lo 
specify an &ddr111 in th• 6592 &ddress 1p•c1. This i• becauso the 
addre11 bui i1 •i• tffn bits wide. Thr first byle of tht two byt• 
addrt11 !1 callrd tho high-ordor byte or the 11e1t- 1i9nific&nt byte of 
tho &ddrt11. Thr w concl byto is th• low-ordrr or ltnl s ignHicant 
byte . Th111 art somrtimos &bbrtviatod thr HSD and tht LSD. Tho 6592, 
whtn Il txtcut11 in1tructions with absoluto &dòrening, 11mply fotchts 
tho nt•t "'10 bytH &fior tM op-cado &nd puts tht m on thr addrtss bus 
wllon il doH tht 11t11ary &ccess O!>'Pr&tion 191cified by thr op-<odr. 
Th• momary drvìcn1 which &re att&chod to th• &ddr111 bus and tho dati. 
bus &nd tht contro! bus, &re si90&l1d by tht R/ W sign&l &nd t~ th• 
•ddrtss infarm&ti0<1 ofl th• •ddrns busto select lh• momory loution 
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to 1ithtr staro data into or read d•t• out of. Il lht R/ W s ignll 
signifios Writt , i l will tal<t the d&ta from tht dal& bus and stare it 
1nto tht mtmary loc&tion sp.rifird by th• •ddress on thr addrns bus. 
li it i1 • RHd s ig.nal, it will tal<r tht data &lrudy tlared • I tht 
specifiod locat ion •nd load it onto tht d&h bus whtrt tho 6512 will 
lind il and do wh&tever the op-codr indic•ltd 1hould bt dono Wlth it. 
In •b•olute modo, tho &ddr .. s is s torod &fior th• op~od• with the 
lust •ignific&nt bylt immedi&toly following tho op- codt •nd tht most 
slgnificant bytt following th&t. Bxomplr : 

LDA f4521 
2ece AD 21 45 

This ls an eumplr of both &n usembly l•nguagt st&ttmtnt on tho 
first lino &nd tht m•chine l&ngu•g• following it. The form&t is tho 
s amt u thai which &ppoars on tho scrren wl11n you run Tht Ant mblt r. 
Tht • osombly language mnrmonic is LDA. It i• tht nsrmbly l&ngU&gt 
equivlltnt of tht op-codt. l t muns Lo&d tht A rtgisttr. Tnr 
Asstmbltr, wllich converts usolllbly l&ngu&go lnto m&dlint Janguo91, 
docod11 tho mntmoruc a.nd tht following °""rand and produus tht 
m&chint langu&go which •ppHrs °" the s.cond lint. The Ass.mblf!' 
lliO producn • cassotte or diwtto filo contdning tht mochino 
langu&go wlllch Tht L0&dor c&n thtn rt&d •nd start In tht •ppropri&te 
mtmory 10<1tions, whtrt finllly il e&n br t xtcultd li • program. 

Far now, ltts ~t look a.I the two st&temtnls u tlley appur 
hore. Tht U521 is callod tho Ollfrand fi r ld. lt specifin to the 
6592 whtro the data to be lo&ded into lht A rtgisttr I• to bo found. 
Tht 2ece ls tht &ddrus where tho instruction is localt d. lt wn 
.rbitr&rily picl<ed far thìs eumplo. Th• second field1 tAD, is the 
hox reprt1tnl1hon far the op-code. Following lht op-cado is $21 1 tho 
s.cond bytr o-I the &ddrus specfitd in the usembly 1t1ttment 1bovo. 
11 is followtd by H 5, tht first byte of tht 1ddrt11. This is the 
ordor t ht 6592 expects to find &ddrosses. Tht 6592 procossos this 
instruction when its Program COl.l'ltrr hn tht v1lut o-1 nece. H 
ft tchH tht Oll~od• • t thai addrtss w dtcodts Il a.nd 1Xecutos il in 
the following soquopnce: Il 1t dettrmirws from lht op-codo o-I t AD th&t 
th1s ls •n instruction to cause tht A rtgis ter to bo loadod from • 
loc•1ì0<1 whose &ddross it will find immrdi&ttly &fttr tho op-code. 2> 
Il fetchu tho nut byto • fter the op-codt1 t 21, &nd puts it on the 
lont ~19nìfic1nt byte of thlt &ddrtss bus. 3l Il fttchn thr noxt 
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byto, U5, V>d puts it on th• most • ignif ìc• nt bytt of tho addrus 
bus. 4) 1t H ts the R/ IJ hnP to R. Sl lt w•its far th• m .. 1ory devico 
to 9tt tht spod fiod data and put it on the d•b bu•. 61 Jt ""ds 
ttl• d•t• from tti• data bus and puts it in it• A registtr. 6. It 
incrouu tht PCH,PCL rogist..,. pair by 3 so th•t it now points to th• 
nox t op-<od1. 

This is • complt te instruction cyclo. 

ZKRO PAO& llODI - lf yoo taKe the sixt••n bit address bus and split it 
in half, tht first tight bits could thought of as a "pagt numbtr" and 
the second oight bih could thon reprosent tho •ddrus ( lrom 8 -
255 I within thai p•gt. This would mean that thtrt art 256 poniblr 
p•gn, uch with 256 mtmory locations. Zero P&ge would thon roprnent 
•li mtmory loc1tìons from $8688 to H81'1' ( t to 255 l. P19t DM would 
1mm•di1tely follow, containing the •ddrtssn U !et to st 1 FF 1256 to 
5111. 

Thtst are two p19H which h•v• spocial sigrufic1nco for tht 
65t2. P19r u ro 1ddl"ossos m•y be specified with ~rtoin machinf 
l•nguagt iMtruchons wti1ch ott spocifically codt d n ùro P•ge 
&ddrtss1ng mode . P•ge °"" is d• signatod th• s t•d< p190 li .xplunt<I 
in tht previou. ch&ptor . Mar. about th•t l• ttr . Tht dulgtwrs ai tht 
65&2 dtd dtd 1t would bo good to hive •n addressing modt which •llowod 
the 6582 to Httvt• instructions foster •nd would consumo lns mtmory. 
Th• Zero Pogt addrtssing mod• was part of the solution. Th• 
addrnsing modt is specifiod u a part of tht op-codt. In dtcoding 
th• CJll-codt, the 6582, upon dettrmining th•t tho •ddrossing modt is 
ZP, thtn Mnow1 th1t tht •ddrtss to b• accossed i• in ztro ?•9•· Jt 
thtrefore has only to load on• moro byto of addrtssing data, thr low
order or l11•t-signific1nt portion of the address. The h1gh-order 
h•lf of tht &ddrtH will bt forced to see by tht 65&2. Thtrtfore, 
Zoro P1ge ln1tructions art only two bytes long; tht op-codr and thr 
• ddrt .. within toro pag• whort tho data is to be stored or found. 
Eumplt: 

STA H 7C 
2ece ss 1c 

Th• lt f t -&N'OW JS th• cod• to the assembler thil th1s i~ • Z.ro 
P•g• lnstructJon. Th• addrus spoci fi•d by the operand 1s S897C. 
Tlli• ,. • Storo tho A-reg instruction. Op-codf '85 cousu tht 
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contont• ai tho A-...g to bt 1tored into U.. si»dfltd nro pa~ 1111mory 
location (fff7C in tlùs oumplol. 

llllllDlA~ 11om: - Soiae insVuctions may dlrect tM proctslOI' to find 
tho nHdod d•t• i11modiat1ly dttr tht op-cado rathtr th1n having to go 
to &amo spedfird address to flnd it. Thtst art two-byte 
instructions, DM for tht op-cado, ono for tho dita. Thry oucvtt 
e ven futor than tht ztro pago instruc:tions btc&UH the 6592 needn't 
put anything on thr addross bus or wait for 1nothor frtch cycle to 
completo bofort lt gets the d•b it nHds. l!xomplo: 

SBC 1125 
21C9 B:9 19 

Noto htrt th1t tho operand fitld h11 a •1• precttding tht d•b 
volue. This is tht code to Tht Antmbltr that this i1 on lmmedia~ 
Kode w truction. Note olso thlt no •r pttCttd• tht valut 25. The 
A1wmbl1r rocognizn folr data types, dedmol, houdoclm.ù, addfo9ss 
oxprenion &nd ASCil charorter. Hox numbor. are indiCAtt d by • 
lHding •s•, ASCII ch1ra.ct1rs by a • ' • dt dmli numbtrs by & first 
char• cttr ai t-9, V>d addrtss expttssions evwrything olse. In r very 
cHe , Th• Anrmblrr wìll convert the spedfìed data valu. into binary 
(or h,. if you wish, tht shorth•nd notation for binaryl wtiich is all 
tho 6512 can ultimattly lnltrstand. Tht stcond Une display• the 
mlChine language in tho same format 11 befor•. The first field i1 the 
&ddrns in hrx whrrt thr instruc:tion will rnidr, followrd by thr op
codt in hu, foliowtd by tho dat• v.ùue in htx al&a. ChecK for 
YOU'Hlf th•t tl9 is tht sa1111 thing •• docima.l 25. 

Tht Auemblor has a.n option you may wltct 11ch timo it is ""' 
to print tho a.ddrtHH And g.,,.rated machitw l1nguag• in • ithtr 
dtcim&l or hox. Tht file which is crtattd for 101ding by Tht Lo•dtr 
will 1.lw1ys cont&.in h•xadetimal. 

SBC 1t1nd1 for Subtract with Carry. lt ls an in5tructìon to 
Subtr•ct the spodfied dato v.ùo.» ffoll the contents ai tht A"1'tg &nd 
to •tort the result badi in the A-rog. 

Orw ftrther note: Ma.t instruc:tiontò may bo gpecifitd with • 
varioty of • ddreuing modH. Tht Antmbltr tnmint• tho operànd fitld 
to determine wtiich •ddressing mode is btlng gpecified. lt then 
gonoratn tho propor m1ochint langu.ge op-codt to Indica to both the 
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~r&tion to bo perfol-mod ud the &odrnsing modt. As ui 1umplo, 
•sec UFF3" ls an absolute mode vo~ion of ttlt SBC !Mtruction ud ttle 
op-codt fCI' it is t ED as compar.d wi1h U:9 •s in tht àbovo oumplt . 
Appendb A contà!M • lis t of d l instnJctions &l'Id tht ir allowAblo 
• ddrus lng modu. 
lllPUID llODS - Th1 implitd mode of &ddrusing is tht futnt exocuting 
•nd tht shortnt IMtruction length. In implitd modo, onJy tho 
intomd N19ist1~ of tho 6592 a.re •ddN1ssed. Beyond th1 op-codt, no 
"'""" information is roquir1cl, so implied modo only t&!Ws ono byto. 
l!umplts: 

TAX 
923F AA 
TAY 

•2•• 98 

TAX cauNs the contonts of tht A-reg to be transfrrttd to the 
X-reg. TYA CIUMS 1ht conttnts of the Y-reg to be tr&nsforrt cl to 1ht 
A-rog. 

A-MG llODS - Tht A-rtg is som1timos e&lled tht AccumulatOI'. This is • 
c&rry ovtr from mOl'I primìtiv@ times. In uiy 1v1nt, CommodOl'e &nd HOS 
Ttchnology thooN to r.fer to th• A-rtg Hodt u tht AcruMul&tOI' Modo. 
C.11 it wh&t yD<J U~, it is r11lly •n implitd mode. In A-rtg Hod1, 
only th1 A-rog and 1he C.rry, Neg1tiv1 1nd Ztro bits of th1 st1tus 
registor 1r1 afflcttd . The A-reg modo instructions &NI valid only fOI' 
tho 'shift" lnstructlons, ASL, ROL, LSR and ROR. For mOl'o inform&tion 
on shift lnatructiDrts, He the next th&pttr. li!x&mpln: 

RORA 
f21A 6A 

ASL A 
t21B IA 

RILATillS llODS - There a.r. ttlNll cl&HH of wtructions which c..
tht flow of tho prog.r&m to ch&ngo. Ti.. JNP ud JSR lnstructions .,.. 
expl&ined In ttlt following ch&pter. Ali ttlrH types of lnstructiDM 
accompllsh progr&11 flow ch&ngu in the smt gtner&I way. Thly c&UU 
th1 Pl'ogram eo..ttor 1'9gistt r to bo modifitd. Th1 PC is thl !'9gist1r 
~r whlth polnts to whtr. tho next imtruction ls to bo fDU'ld In 
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mtmory, lt is 1utomaticilly incromonttd by tht instruction ltngth 
u ch timt &n ~on is executed. Tho lnstr\Jctlons whith modify 
tht PC c1us1 tht program to •ta~ a br&nch". That is, tht next 
instruction to bo 1xecuted will not bo tht ont 1mm1d1 .. tely following. 
lt will bt fD<Jnd at ui &ddrns which is doterm1ned by tht &ddressing 
d..t .. suppit d by tht branch1ng instruction. 

Tht aclddNIHing infet'm&tion supplitd by thr "rtlativo mode" 
instrucUons is • singl• byt• of d .. b which follows the op-code &nd 
which ls &ddtd to tht valuo of tho PC to dttrrmin. tht ntw PC nlue. 
Tho br&nth is to ui addrus which iG the specifitd number of bytes 
•w•y from tho branch instruction itsolf. The &ddrns inform&tion is 
call•d tht rolative displuoment. 

Thn t iMtructions only modify the PC •om1timu. They are 
c•lltd condltion.i.l branch instrvctions. They tnt tht "t&t\Js of a bit 
in the ProctHOI' St1tus Registor and the 6592 dtcidts at the time the 
instruction is OKtcuted whether to Branch I modify tht PC ) or not, 
butd upon the valuo of the bit boing t rsted. EX&mplr: 

NOTA 

CHP ll ' A 
BNE NOTA 
JHP PROCESSA 
CHP li ' B 
BEO PROCESSB 

8398 C9 41 
8382 08 83 
8385 4C 70 64 
8388 C9 42 
838A FB CC 

This is a short progr .. , segment which first comp&ros -the 
cont1nt1 of tht A-reg with the thor•cter "A". Tht fermat of the 
prOIJr&m listing is thr wme u th1t which is producici by Tht Assembler 
whtn prlnter output is tmployed. Nott tho lmm1diat1 symbol, "li" uid 
the 1'ch1.r&ct•r" symbol 11 

' 
11

• Th~ function of the compar. instruction 
is to set the Zero bit in the status register if the compare provu to 
be • m•tch. Othtrwist the Zero bit is clurod. 

Tho instruction after the compa.r. is th1 conditiond branch 
instruction. lt is • Br•nch No-t Equ1l instructlon, lf tht N1sult of 
tht compare Nlsults in the zero fug being wt, th1 bruich will not 
h•ppen • nd tht JHP instruction following th1 BNE wlll bt txocuted next 
as USU&!. lf not, the noxt instruction to b1 t xecuted will be the 
instruction at tt3t8. 

Htr9 you SI• ono of the grHt •dv1nt19n of h&ving •n 
&Htmbltr wllich .Uows yD<J to use labt ls to idt ntify progr&m 
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locations. Ycu, tho progromm1r c1n uso muningM 5ymbols to r1f1r to 
some 1ddr1ss in memory. You write th• ns•mbly l&ngwg• program 
without regard to th• actual addresses of uch instMJCtion in the 
progr1m. lf you w1nt to cause th• progr1m to branch to som• 
in!ltruction somewhere in the program, you put a lab•I ìn English· on 
the instruction and Tht Assembl•r automatically computu th• addrfH 
of the instruction for you. In thìs cast tht symbolic l1b1l is 
"NOTA", 

Aswmblers which permit this c&p&bility •rt cdlod r.ymbolic 
usombl1rs. Single-Une usemblers such &si• incorponted in VICMON 
are sev•rely limited by theil' Jack of thir. future. 

The generated machine languag• is particularly interesting 
h1r1. Tht byte followif19 tho BNE op-<odt ir. a •Jta•. Relative 
addres5sing means that the vdut found in tht byto afttr tht op-code 
is the numb•r to be addtd fo the PC to find tht acldreH to be Br&nched 
to. That is, if th• 6592 finds that the 5tatu5 bit being te5ted by 
the Br•nch instruction indicatos • Bl'anch r.hould be ti~n, it then 
adds the value fotnl in the byte after the op-<odo to tho PC. llt hH 
dready incremrnted the PC by two before tnting the status bìtl. Th• 
Asumbltr 1utomatically computu the difftrence between the addrtss of 
tht instruction following the BNE instruction and the beginning of the 
instruction NOTA. In this case th• amount of ad,jJstment is thru 
bytes. NOTA occurs thret bytn put the addrns of th• JMP 
instruction. It is possibl• to specHy • conditional brll'ICh forward 
by u much u 127 bytes or b1ckwards u much u 128 bytes. WMn 
b1cl!'.lard branchor. are specified, tho di~lacement val~ in th• byto 
after th• op-codt must contain a nrgativ• numbrr. 

We mentioned earlitr that a single byte may roprtsent tht 
dodmal range of 8-255. F°or special s ituations "JCh or. th1 relative 
branc:h instructions it is convienient to allow tht 256 possibl1 valuH 
of th• tight bit5 to rrpresrnt a raf19• of numbtrs from -128 to +127, 
To accomod1t1 this nnd, • system was devisrd to indic1t1 negativi 
numbers. It is calltd the two's compltmrnt systtm. lt sums • littl1 
strang• at first, but with a little practicr it, too, c1n be mutered. 

Negativi orw is rtprestnted as fFF. Negativi two is 
rtprtsenttd H ll'l!'. <or 254 in rtgular decimai l. You can convert • 
numb1r to its NQ&tivt by 5Ubtracting it from 256 thtn convorting tht 
rHult to hex. For rxample, tht htx reprntntation of -6 is 256-
6•258•H A. This system is popular with colftputtr duigners btc1uu it 
mal<it1 arithmetic usy. Note that 256 in hex is .. let. Subtracting 
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six from 0189 gives ll'A. But 0198 t11Uts two bytes. The maximum 
value of one byte is fFF. lf we add one to IFF we v•t ••• with • 
carry of one. And with fFF represrntìng -I it is very niet that whtn 
wt 1dd I to -I we gtt e. li~wiw whtn wt add I to minus 2 < ll'l!'. > we 
get ll'F I -1 ). Another 1dvanhgt of this syr.ttm is that ili tht 
negative numbers havt tht high-ordtr bit on I leftmost bit value • 
11. Th1positiv1numborsar1 .. 8<eeeeeeee 1 tol7F 181111111 > 

•nd tho negativi numberr. aro •se< Ile& 9981 > to •H <liii 1111 l. 
rlt is not coincidtntal that the N-flag <Negative bit of tht Status 
Registorl is s1t 1vory time any 1rithm1tic optration rnults in a 
valu• with the high-ordtr bit on. 

The Aswmbltr will autom1tically convort rtl•tive brandl 
displacements to the proper value for both forw1rd and b&cl!'.lard 
br1nches. And Tht Assembltr will also allow thr exprenion of 
negative numbers in the more famili&r format of decimd numbtrs ( -34, 
-122, etc. ) and do tht conversion to tho two's complement value for 
you. In dtbuggifl9• however, it sometimes comes in handy to bo ablt to 
do tht conversion your-self and is worth l<nowing how to do. 

INDllllD MODIS - Tht X register and the Y rogisttr aro somttimts called 
the indtx registtrs. This is btcaust th•y are ustd u indexn to 
data. That i!I, tht relative position of data in a string may be 
addressed by specifying a base or starting addross of tht string plus 
somt position indtx to indicate whic:h data element in the string Ì5 
being addrns.d. Tht X and Y registers can be used with certain 
instructions to bt th• position indtx. The instruction SllfCifies l 

b&H address •nd 1n index rtgistor. Tht 6562 adds thr v&lu• of tti. 
indox registor to the base addrtss to g•t tho offtdiv• address of tht 
d1t1. to be ucessod. This is a very UHful c&p1bility. The followiMQ 
program srgment illustrates the use of indexed 1.ddrusing to movt • 
stringo-I d&ta from one plico in momory to &nothor: 

STRINGI EGU 18498 
STRING2 EGU 10480 

EGU 12088 
LDX 118 

LOOP LDA STRINGl,X 
STA STRING2 ,X 
OEX 
BPL LOOP 

8480 
9488 
2888 
2808 A2 8A 
2982 BO 88 94 
29es 1>0 89 84 
2888 CA 
2001' 19 F7 
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~vrr•I new things .,.. prt1rntt d in this program n9ment. Thr 

first two shtrmrnts c&uso Th1 Assembler to equ.a.tt a symbolic llbrl 
wlth • &prcific &ddress in mrmory. For rvory 5Ubsoquont reftrtnct to 
lht labrl bting l!QUatrd <STRINGI in this exampleJ The Antmblrr will 
ICnow th•t th• addre5' btlng rtltrrod lo is tho cnr in lht oporand 
field of lhe EQU st•lemrnt <f848tl. Noto lht grnerat1d machiN 
la119ua91 which follows the statrmrnt; LOOP LDA STRI NGI ,X. Tht 
•ddress st-4t8 is automallc&!ly gener&ted by Thr Assttmblt r ( in thr 
required low-order-byte-fir.I form&t J. 

Th• third EQU1te tells Tht AsH mbler what vùut ta n1lgn la tha 
Loutlon C:O...ter. Thr Loc•tion Counltr i• Thr Asumbltr's tquiv&lrnl 
ol the 6582'• Program c~ter. Tht differencr is th• t tht Progrom 
Counlt r i• on actual hll'dwart registrr conl1ined on tht 6'82 chip. 
Thr Loc&tion Counter is Thr AH tmbler's symbolic equinltnl of tht PC. 
Tht &ddrns prinled on tht m•chint langu•g• lino aHtr u ch 1utmbly 
ins truction is the vdue of the Loc&tion Countrr lor tach instruction. 
11 shows us whrrr tht gtnorattd m&chine language wìll br In memory 
whtn Tht Loadrr finaUy 101ds tht progr•m into memory. lilvrry EQUde 
slattmtnl srts tht Location Counter to tht &dd,..,u uprtntd in tht 
aptrond fi t ld of the s tatr m1nt . 

Tht LDX ini;truction l0&d1 tht X-ng wilh tM v&lue Il . Tht 
n9X t two instructions illustrate thr ineltxed addrnsing modt. Thr 
first instruction loads tht A-,..9 with • byte of d• t• fOLnd at addrtss 
t4teA. Thr •ddress sprcifitd in the LDA instruction is H4H. The 
conttnh of tht X-reg are &ddtd to lht specifitd addrts• by the 65t2 
btfore putting the address on the addrus bus. Since tht X-reg h•s 
,int bttn loaded with thr vtlut tt, the tddress whtre lh• dttl wìll 
tome from te bo loaded into tht A-reg is $8488 + stHA or t848A. 

Thr ntxt instruction turn• right irOLnd and storH thai SI.me 
dtt& bacM in memory l t tht addrtn st48A. So we now have three copies 
af tht s•me bytt of data. Ont copy in U 48A, one in St48A •nel ont in 
tht A-1'eg. Th• nrxt instruction, DEX, ClUSIS tht X...-eg to bt 
!lecrHstd or decremtnttd by I. Slnct it h1d the v&lue ol Il coming 
into this instruction, l fttr the instruction ls execuled, it wlll have 
the valuo of 9. The next imtruction, BPL LOOP, will condltiond ly 
branch lo th• instruction which has tiit label LOOP. Nate thls is • 
b&ci<w&rd br&nch ol 9 bytes. Tht gtn9r&tod muhw language value of 
how far te branch is t 1'7. Rtm1mb1r lbout ntg1tivt branch 
displactmonts? 256 - 9 • 247. 247 I 16 • 15 wìth a rem&indtr of ?. 
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Htnct the hu vllue of -9 • t f?. Convit nit ntly, Tht Aosen1blt r made 
tllat calcul.tion far us . 

The BPL instMJCtlon tnts lht Ntg•tivt bit of tht St&tus 
Aegister. BPL sl&nds lor Bnnch if Plus. Tht N1g1tivt bit ls 
&ff.ctod by t vtry rxtcution of a Dl!X instMJClion ( &nd many othtr 
instructions as well ), lf tht X-reg wu z.ro btfore tht txtculion of 
the DBX, the result of th• DEX would b• a nrg•tivt numbtr in the X
reg. The Neg1tive bit would be set lo onr. The BPL lnls the 
nrg&tlvt bit. lf it is not • ont <noi ne9•tivtl tht X-reg must •till 
be positive or zero aft t r h&ving been decremerrted by tht Ill!X. 

Tht bt'onch will bt ta~n bici< up to LOOP. Tht A-rtg wlll now 
be l0&ded ft'om adnu .. 4'9 and slored into addreu st489. The X-1'eg 
will be dtcremented •g•in •nel tnttd to sei if it wtnt negative yt t. 
Onct •glin, it is positivi < lt hu the vllut 8 now >. Th• brlnch 
wìll be t&l<en b•d< up to LOOP, lhe ••m• procn• wìll occ~ onco •gain, 
thls time moving •byte from S84e8 to H4s'8. Once ag&in, lii• X-reg 
will be d1cr111tnted 1nd losttd &nel fol.nd not-ntg1tiv1. The loop will 
bi txtcultd l toto.I of 11 tlmu1 wìth the X...-eg varylng from Il to e, 
lht aOdress ol data btin; lo.tdt d inlo the A-reg varying lrom H4tA to 
H4tt , the &ddress of whtrt d•t• is moved la v1rying from H48A to 
H48t. 

This i• tht proctss by which a wìde variely of reprtitivt 
operations are prrformed upon di i & wlth the 6592. This is • vrry 
standard loop. Il it stili HHll mystrriaus to you rtad il ovor again 
&nel wht n we gel to tht sect lon on &ctu&lly using Tht Assembler, Tht 
l!dltor, Tht Lo•der, The Monitor, &nd The Decodtr, wt will crHlt on 
&clual program which don .).Jsl lhis process. Wt will executo tfte 
progrH1 ont sttp •t a timt with The Monitor, watching how rverything 
worl<s &nel ueing tht registtrs &nd the memory lacation• changing as wt 
go through the progrom. 

Th.... ar. fol.r modu of lddrtss!nQ which .,.. t &ll -.: :"'<leud. 
Both thl X-reg and the Y-reg moy bt used in indexed lnstructions and 
both 111&y be UHd in comblnation wìth lbsoulta and Z.ro Pt ge modes. 
LiM tht lb50lule and IP addrtssing modes, the • bsolutt.X &nel %P,X 
lnstructions ti.ke thrte and two byles respectivtly. The Y-reg and the 
X..,..g ftn:tion ìdenlicdly In tht ir rtsptctivt modn. The fo.r 
lndeud modes th9n are: abs,X; %P,X ; abs,Y ; %P,Y • 

llDIMcr MOIJI - Th .... I• only ont lns1ruction whìch UIH the 5imple 
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indirut modt ci addreuing. This is tht JHP !addrl inlltructian. Tht 
par.nthuis al'OU1d tht &bsolutt 4ddrtu slgnifin lndirtct. l.'hat 
h.ippens wlth th1 indu-.ct jJ11p is th• following: U Th• 65t2 gtts an 
•ddrtss from tilt two bytu immrdiat1Jy following tht op-codt. R•thrr 
th•n lo&d th• PC wi tll this vdut dirtctly, it fttchn an •ddrtss from 
the ~cifi1d m1m00')' loc•tion and thr mtmory locatlon immedi•tt ly 
following it. Tnìs is the addrrss which it loads into th1 PC. Thus • 
ch•ng• in th1 program flow is c•used. 

To statt this anothor way, for the JHP indirect to wort< u 
desired, thert must be 1n.1ddress pr1-stor1d somowt11r1 in mtmory. Tht 
JMP instruction must ttll tlle 6582 whtre th•t •ddrts1 11 louted in 
mtmory. Th• 6592 will thrn load its PC with tht •ddrus stored 
th1r1in. Such a prntorld •ddresli is cdled • voctor. BASIC hu 
stv~r•I vtct~ savtd in th• first ftw pagn of memory which pojnt to 
v1.r1ous proc:e'5~1ng programs. 

Vectors are convitni•nt ways ci d lowing tht fl t dblt design 
ci C1p9r•ting s ysttms such that new versions and upd•tes to tht 
Qf»l'&ting systH1 can bt compatiblt with tht old ver11lon1. Programs 
which nttd to uw tht various routines pointt d to by vtctors will not 
netd to br changrd brcaUH ci a different location ci tht routint in 
tht rww vtrsion. Tht v1ctor will be tho only thing whlcll will hav1 to 
bt mod!fitd to •llow campa ti bili ty . 

OllDIRICTI1Y - This mode is somewhat similar to tht indirect mmi. 
discu111d above. Tht •bovo instruction wn applicablt only to the JHP 
instruc'lton. This mode is applicable to various data accus and 
manipulation instructions. ThtH instructions are two byte 
instructions. The second byte of the instructlon sptclflts •n •ddrtss 
in Hro page. Likt with tht pi-evious modo, thtrt must bt an •ddrtss 
stored at tht ~cifitd loc•tion. The big difftr1nce h•re ls that tht 
Y-reg is addtd to tht •ddrus foinl in zero P•9• to glvt tht 6512 tht 
tvtntull • ddrtH of whtre tht d•t• 5hould com• from or go to. 
Tht Ondir>.Y mode is actu..lly usld 1uctly li~ the addr,Y modr. lt 
is useful for doing loops. Tht only difftrence is that th• bUt 
• ddre11 ci tht locp is stortd in Zero Pa91 ratMr than spod fitd 
dirtctly by tht ins truction. 'T'ho instruction th•n !IP'd fin th• Z.ro 
Pago locatlon ci thr bue address. This is • v• ry handy way to 
progru• • subroutine which is UHd at dif"rt!nt timts and callrd from 
difftrent placrs in tht maWinl program to do the sa mt gerwrll task 
but with dlfftring wts of data. Tht but addrus of the dat• to be 
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1u nipulatrd by tht s..òroutint must be •pproprlattly w t up in Zero 
Pago uch timt jJst before tht subroutint is c&lltd. Tht S<J>routinoP 
itnlf ntvt r has to changr anything. lt u11u tht uro pag• vector to 
got tht data it's bHn callttd to use. lbample: 

SUB RA 
LOOPA 

LDY ... ~. 
LDA ( $7C) ,Y 
STA <t 88> ,Y 
DEY 
BPL LOOPA 
RTS 

Htrt, tht subroutinl, SUSRA, is drsigned to do a gtner.a.l 
purpow 11ove ci data from some location in mtmory to somt oth1r 
loc&tion. Th1 numbrr of bytes to bt mov•d is found in loc• tion see4t. 
Tht loc&tlan ci w!ltrt to movr thr data from is found in Ht7C and 
Ht7D. Tht &ddrtH ci whtro to rnove it to i• found in locatia'!S 
ftt8t &nel ftt81. Tht cllling progrim must w t thou locations up with 
tht &f'P'GPl'i&tt v&luu for the st.bro.itw to fulction a dtsired. 
Nati th&t no lift lrffN is requirtd far tht lindtxtdl, Y modi 1v1n 
though tM 191dfi1d addrus is dw1.y• in Zero Page . 

GllDIRICT.x> - This, is th• last and probably thr lrast UHful 
1ddr11slng modi providtd with tht 6'82. Ycu may h&v• gueswd th1.t lt 
i1 simllar to the previous mode. lt wauld bt a lat more unful if it 
wtrt ld.ntical excrpt for th1 registrr usrd. Unfort<.N.trly, it isn't. 
You lhould notice that th• X i• insid• tht parenthuis, wherrn in the 
prevlOUI mode, tht Y is outsidt the parenthtsil. Ttùs is thr 
l11poM1nt distinction. Thr p&rtnthesis lndlc&t1 tht "indirlction". 
In the pi-evious .xa01p11, tht Y-reg wn addtd to tht addrtss found in 
Z.ro P1g1, &nel the rtsult of that addition providtd th• address ci tht 
dtsirtd data. !Wre, th• X-reo ls addtd to tht speclfitd addrus to 
find whtrt in Z.ro Pagr t!a vtctor resides. Tht X-reg ls thtrtfore an 
lndax to a t&blt ci vectors stortd in Zero Pagt. This modt is not 
ustful, t.Mrefore, in thr saote w&y th&t tht othtr ont is. lt lllight 
find "°"" ust in lftJSU&l sit...tions whtrt thtrt is 1 nettd to haw & 
list ci addrtHH ci daU. bytu &nd a rautùw 11 nreded to procus tht 
YlriOUI data bytu. lìucl\ & routlrw would step through the list, •n 
&ddNss ltwo bytu> at & tllu , u.ing th• X-reg ta bump thru th• list 
&nel to polnt to tht apprtµ iatr addrtH at which tht data will 
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ultimattly be 10<.tld. Ptrh•P• you can find some beHer uu cri this 
mode. 

ThHe lut four chapters have bttn hirly pacKtd with inform1tion 
on tht workings of tht 6Si2. lt wìll be necosnry to writ1> some 
programs and .to ex•mint tht programs ol others to got • comfoMable 
feeling 1bout tht UH of th• vorious instructions and addressing 
modH. Tht next ch1pttr will prnent tvery av•ilablt iMtruction on 
the 6592. Aftor completing it, you will b• &bit to start te take 
contrai of your computor by writing powtrful machine languag• 
programs. 
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6502 - Instr-uction Set 

Thtrt> aro 56 Hp&rate instructions which tht 6Si2 hu bttn 
dosigned to exocute. Thtr1> ar1> uso two •psoudo-op ìnstruction.." 
which &!'I> net a paM of the 65&2's instruction Ht but which Tht 
Assombltr 161dorstands. 

Thtre are 13 addressing modts. Som1> instructions u1> limitod 
to a sinql1> addrusing mode, others &Nt capablt of utiliring up te 
dght. Most of tht instructions &rf> quite simplt ftroctionally, and 
rtquir1> only a sontence or two to describt th1>ir dluactoristics. W.. 
will covtr thtH first. 

TAX - Transfl>r tho contonts of tht A-rt>g to the X-reg. Only tht 
roceiving rogist.r is modifitd. Tht Zero bit of tht Statt.15 Rogistor 
is sot (made to have the vo.lut U if th1> v&!Ut> transfl>rrod is zero, 
othtrwiH it is cloar1>d (madt to have the valut tl. The Nogativt bit 
of tht Processor Status Rtgistor is set if tho high-ordtr bit of the 
vdue traMftrNtd is on (v&lUI> Il, tlH it is clurtd. 

TAY - Tl'&nsfer A-r1>g to Y-r1>g. Tht A-reg is storod into tht Y-Ntg. 
Th• same notes apply as with TAJC. 

TYA - Transfer Y·r1>g to A...,.eg. The Y-reg is; stored into the A-rtg. 
The nme notts 1pply u with TAX. 

TXA - Transfer X-reg to A-reg. Tht X-Ntg is stored into the A-l'tg. 
The s1me notes 1pply a-s w1th TAX. 

Tl!I - Transf1>r X-rog to Stael( Pointtr. Tht X-Ntg is stOl'td into tht 
Stack Pointtr. No status bits 1r1> affectod. This is th• only way of 
initializing the Stick Pointer. 

TSX - Tr&Mftl' Stack Pointer to X·rtg. The Stael< Pointer is stortd 
into the X-reg. Tho nmt notn &pply u with TAX. 

•C - sat tht Corry bit. Tho C.rry bit is setto valUt I. 
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a.e - Clu r th• c .... ry bit .• Thr Cury bit ls d rand. 

•D - SBt thr DedOl&l Mod• bit. Thr Drci19&l Mode bit la ut to val .. 
I. Tht Ded Ol&I mode of arithmetic ~ tNblt d. 

Cl.D - Clur th• Ded11al Modr bit. The Decimai modr of "l'erdion is 
disobltd. Tht Deci111l Mode 
bit is clHred. 

a. V - Clur the oVrrflow bit. The overflow bit in tht Procn!ICI' 
status Regiater is clured. 

CU - Clt ll' tht Jntrrrupt diubl• bit. Tht lnterrupt dis&blt bit in 
the Procn sor Status Rtgistrr is clr1rrd, allowlng interrupts to 
OCCU'. 

911 - SBt thr lnte~ Oiu.bi. bit. Tht lntr rrupt dlS&lllt bit in tht 
Procossor St1tus rrgistlll' is w t to 1, e&using ali int1~s to IM 
m•sked <di!l&blt dl ..,til thr lntet't'Upt dis.blr bit is clured with a 
CLI. 

mx - D«cremtnt tht X-rrg. Thr v&lue contained in tht x_,..g is 
dtcreutd by I. lf tht rrsulting nlue in thr X-rrg ls 21ro, tM Zrro 
bit is srt in th1 P. lf it is not zero, tht zero bi t is cleartd . lf 
thr ruulting value in thr X-re9 h.s tht high-ordor bit on, th• 
Ntg•tlve bit in th• Procossar Stdus Rrgìster is se t . Othrrwise thr 
Ntgative bit will bo clured. Note that re9i1t1r v&lun of t -1 27 wlll 
havt & citar high-ordrr bit and values of 128-255 wlll h1v1 tht bit 
stt. 

m Y - DS:crtmrnt the Y-l'fg. Thr volue of tho Y-reg is dtcr11ud by I. 
Thr Zero • nd Ntgatìvr bits .,.. 1ffrctrd os with thr Ds:X imtruction. 

INX - INcrrment th• X-r.g. Thr value of tht X-rog ls incrt!1sed by I. 
Thr Zero lnd N1g1tivr bits lJ'e dfecttd H with tht DeX instructian. 

llO' - INcremr nt the y_,..9, The v.W. of tht V-Hg is incrHsrd by I. 
Thr ?ero an N191tiv1 bits are 1ffected u with thr DEX lnstruction. 
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l•C - INCrrmtnt m1mory. The v&lue of 1 bytt loc1t1d in memory is 
incrtostd by I. Th• Zero vld Ntgotivr bits &rt afftctt d os w:lth the 
D8X lnstruction. Only ZP; %PtX; ABS; ABS,X modn ore valid. 

mc - De:Crtmtnt memory. Tht valut of • bytt locatrd in mtmory is 
dtcrHHd by I. The s&mt commrnts u •pply for INC. 

LDA - Lo&D the A-rrg. The contents of & mtmory loc.i.tion is 
tr1nsft rrtd to th• A-reg. The Zero 1nd Neo a tivt blts &re lffectt d n 
with the TAX lnstruction. Vùid 1ddressing modts ire: lmmedi&te; ZP; 
ZP,X; Absolutt; Absolute,X; Absolute,Y; llndlrtct,JO; Undirect,Y) 

LDX - Lo&D thr x ..... g. Tht contrnts of 1 memory loc&tion is tr&nSfertd 
t o the X-r.o. Th• Z.ro &nd Ne91tiv1 bits &rt &fftctrd u with thr TAX 
instructian. Abs, ZP &nd %P,Y a.ddressing modts .,.. v&lid. 

LDY - Lo&D tht Y-ff9, Th• cantt nts of 1 mt mory loc•tlan is 
transferrtd to th• V-reo. The Zero 1nd N191tlv1 bits i re 1ff1cted &S 

wlth tht TAX instruction. Abs, IP •nd ZP,X 1ddrnslng modrs are 
vdid. 

STA - STore tht A..,..9. Tht contonts of tht A-rtg 11 transferl'td to • 
mtmory loc&tion. No register5 or st&tus bits are 1ffedtd. V&lid 
1ddrts1ing modes are: ZP; ZP,X; Absolutt; Absolute,X; Absolute,Y; 
()ndlrect.xl; (Jndirect,Yl 

STX - STort tht X-reg. The contonts of tht X-reg are tr1nsforred to .. 
memory loc1tion. No status bits or rrgisters &re affectrd. Abs, ZP 
&nd ZP,Y &ddrrssing modu .,.. v11id. 

STY - STore tht Y-r.g. Tilt! contents of tht Y-reg ire tr&nsftrred to a 
mtmory loc&tlon. No sutus bits or registtrs""' •ff1ct1d. Abs, ZP 
&nd ZP,X 1ddrtssing modn are vùid. 
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BCC - Br0cnch C.rry Clur. Tht program couilor will bt mochf1td by tht 
•mounl 1>f th• spoc1flod di•Platt!Mnl if &nd only if the C•rry 011 1s 
clur (i l. Forward branches may 0<:cur U$l to 128 bytos from lh• 
•ddreu of tht hrst byte foll1>w1ng lht br•nch instrucll1>n. BacKw.rd 
branchn m&y occur up to 127 bytes from lht nmt &ddrtss. No othrr 
rogi•ttr• other than the PC art aHrcted. Only R1!1tivt addroning 
mode 15 v&hd. 

BCS - Brincn C1rry Stt. Tht program counter will bt modifitd by th• 
•mount of tht sp.cifitd di•ploctmtnt if •nd only if tht C&rry bit 1s 
s•t Cl). S1mt commtnts as far the BCC instrudion. 

ll!Q - Branch EiQu&l. Tht l)<'ogram counttr w1ll bt modifltd by the 
&mounl of tht •P•<ifitd displ&ct mtnt if &nd only if tht Zt ro bit is 
Hl IU. S&mt commtnt• •• for tht BCC instNction. 

BHI - Br&nch Noi gquo.1, Tht proqram c<U'lt.r wiU be modifitd by tht 
am<U'lt of lht SPtt1f1ed 0151>lacem1nt lf and only lf tht Ztro bit is 
clur <&>. Samt commonts n for the BCC instruct!on. 

BNI - Branch Hlnus. Tht progr&m c<U'ltor will bt modifitd by the 
•mount of lht sptdfitd displ.ctmtnt if &nd only il tht Hlnus bit is 
srt (!). Sotme comments as far tht BCC instruction. 

l!Pl - Bronch Plus. Tht progr&m counttr will bt modifitd by the amount 
of tht spocifitd displ.comenl if and only if tht Hinus bit i• clrar 
<e>. S..mt commonts u for tht 8CC ìnstructìon. 

B\/C - Br1nch oVtrflow CIHr. Tht progr&m counltr will bt modifitd by 
tht &mO<Jnt of tht spec1fitd displactmtnt if &nd only Il tht Ovtrflow 
bit is clu r <Il. S&me comments u far tht BCC instruct1on. 

BVS - Br1ncl1 oVtrflow Stt. Tht program couitrr ..nu bt modifitd by 
tht a mOl.Wll of the s.peclfltd displactmtnt 1f and only if tht Ovt rflow 
bit i• Hl (I), S• m• comments •• far the BCC instruction. 

JNP' - JuNP. Tht PC is loodt d with tht speofitd addrtss, causing a 
ch&ngt in the flow of tht program, Both Absolult •nd lndir-t tt 
addrn.Jno •odH art v&lid. 

J8R - Jump to SubRoutine. Thr PC 1s first 1ncrt111tnttd by ?. The ntw 
PC is thtn 1tortd on tht 1t&cK. Th• PCH •• 1tortd 1n the st4CK 
10<:,atlon addrtss•d by tht ShcK Pointer. Tht St•ck Po1ntor 1s 
ci.crtmtnted &nd the PCL is thon stortd in the ntw 1tacK l<K&tion u 
addrt1Hd by the SP. Tht SP 1s drcrtmented • second time and tht 
addrtH sptclfitd by tht JSR in•truction i• ioodtd lnto tht PC, 
cau1ln11 • ,ì.Jmp to tht 1pecifi•d subroutine l<Katlon. Nctt thai tht 
addrtn 1tortd on tho stad< is not what might bt txptcttd. Th• 
addreH 11 of the third byte of the JSR in•truct1on, not tho •ddrns 
of the nt•t uquenti&l instruction aftrr lht JSR. The RTS 
inltruction, which cainH a rtl\rn fram tht .U.raut1nr , compenSltrs 
for thi1 ano111&1y. GoMrdJy, tht cuu.al programmtr Mtdn' t worry 
&bout tht mech&nic11 of stack operations u long •• w llwayr; hu a 
RTS far t vtry JSR. ~.,.,., adnnc:td IHchint l•nguogr progr&mmtrs.,.. 
fond of dirKt 1t•cll •&nipulation tochniquH, nped &lly far pnsing 
•rgumtnt• to 1Ubrouti1V1. 

RT& - ReTum from S<Jbroutìnt. Thr Stael< Pointer i• first incrtmtnted. 
Th• PCL is loodtd from tht stack •ddrus pointed to by thr St&d< 
Pointtr. Tht SP is then incrtmtnttd again and tht PCH is looded from 
tht stael<. Tht PC i• incrtmtnttd to componutt for tht JSR operotion 
of puttlng th1 address of tht third byte of th• JSR on the stick 
in1t11d of tht addrtn of th• nrxt instructlon. Now tht PC has the 
addr•H of tht instruction immtdi&tely fcllowlng tht m1>1t rtctnt JSR 
lnstNctlon. Tht pr1>9r&m flow ls thus returntd to tht mlinlint 
Pf'Ollram from the S<Alrout!nt. 

RTJ - Rt TLrn from lnttrrupt. This iMtruction rtvtrsu tht process 
wl\lch occirs whtn an intfff'IJPt occirs. Tht Procnsor St•tus Rog1strr 
ls rttritvtd ff'om the st •cll whtrt the intt rrupt cauMd it to be 
1t0rtd. Tht PCH and PCl ort then rtloodtd fro• the stock whero they 
too wtrt stortd 11 a ~t of th• 6512'1 inttrn.tpt procnsing. Tiit 
rtl\rn lo the point of intorrupt1on I• thus complot t , witn the 
ProcHsor Stltus Rtgisttr having tht ""'" vdur 1t h•d &t the time of 
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ìnt1m41tion. 

1f11[ - BRuK. lnto...._.,t procuW'lg i• uuud to ocnr. Tho addnu of 
thl noxt byto following tho BRK instruction i• u vod on the •~ad<. 
n.o Brul< bit o• ti.nwd on in tM Processor St•M Rogiator wluch is 
then uved on ttlo •t&d<. Tho PC is loadod with tht •ddrus found at 
memory loution Sl'FFE and SFFPI'. 

PMA - Pu•H th• A-rog. n.1 A-rog is storod on tho st&cK &t the addross 
pointod to by tho SP. The SP i• thtn docromonted. Ali PHA's should 
gonerally bo mdched with a followìng PLA. 

PlA - Pull tho A-reg. Tilo SP is incl'lm1nt1td, then tho A...-.g i• loadod 
frOCll tho atlcl< location poìnttd to by tht new v•I .. of tho SP. 

PHP - Pv&H tflo P...-.g. TM Proclssor Status Ngistltr i• pulhod onto 
tilt •taci< in tht umo fnhion thl A-ffg i• with tile PHA. 

Pl.P - Pull tht P-reg. Tho Processor St&tus l'lgistor I• pullod off 
tho st&cl< In th1 H mt fuhion th• A-reg ls with th1 PlA ìnstrution. 

Pvudo-cl!> lrw1ructimw 

BYT This I• not r.ally an in.trutlon in tho IMtruction set of the 
6582. It I• an iMtrvction which Tho Asu,.bltr r1c09nizn •nd. 
intorprets to ,.1 &n 91n1ratt machint langu.go dat&. Tht op1rand fteld 
of tht BYT in•truction can oxproH stvtral typos of data .... otnch Tht 
Assemblor wlll undentand. 

lf 1111 first ch&r&eter of the BYT i•• • S •, th1 following 
ch&racter• m~t be hox char&ctors1 i.e. t-9, A-F. Tht A•umblor will 
handlt a strìng of hex char&etttt ~ to 8t character. in lt ngth • . lt 
will gonorato • data string with two nybbles la h&lf byte : 4 btu> 
por byto , !Merting a st in tho high-ordtr nybblo of tho htgh-ordlr 
bytt if 1ll1re aro an odd rumbor of ch&ractors specifiod. 

1f th• first charactor is • • ' • , TM Asumblor will creato a 
dat• string with as many byttt as 1111re art characters fallowìng tho '. 
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Tllo v&lun af the goneratod bytes will bt tht ASCII v..i .. s of tht 
CON'll90fldìng ch&ract1rs. 

lf the first chuactor of th• oper&nd is • nu'"btr in tht rango 
1-'I, Tht Asumblor will intorpret tilt operand u a dt cimal numbor &nd 
convort lt ta its bin&ry equìv&lent. 

lf tht first charactt r is nono of 1111 abov1, tho oper&nd will 
be n1umed to bo an &ddress • •prHsion which ropresonts a two-byte 
addrtss. lt will computo the addreu auociat1d with tht ••fll'ossion 
•nd g1n1rat1 tho standard low-order firr.t form&t two-byt• &ddrns. 
Addrus txprtnions are coverod Mly in tht chaptor on writing 
assembly langu1ge programs. 

IQU - EQUatt. This ps.udo-op dou not gtnerate any dat& which gets 
stor1d into memory by The Loader. It i• an instruction to The 
Asumbler ta ••t tho Location Cauntor and to uuu th1 label in the 
l&bel f itld to bt assigned to th9 •ddrtu which 11 exprn!td in tht 
oper&nd fitld. 

Shiftlna~ 

ASl. - Ar1thmttic Shift Left. Tho content" of th• A-rog or of • mtmory 
loc&tion •rt shifttd one bit position to the loft. Tho low-ordor bit 
position is forced ta v&lue zero. Th1 high-ordtr bit is shifted into 
thr Carry bit. Tht Negative bit is set if thr bit 1hift1d into the 
hlgh-ordor bit posUion is a I. lt is clured if it i1 a zero. The 
Zero bit i1 set if the rnulting v&lut of th1 shifted byte is zero, 
cleared if it is not. 

A• •n ex ampio, if the A-rog has the value t CC ( i tee 11ee >, 
lfter tho •ASL A" instruction hH bttn executtd, it will ha ve the 
value t 98 ( 1981 1ee8 > &nd tht c•rry bit will be set. If tho A-rtg 
has tht value af t 5F ( e1e1 liii> the "ASL A" will cause it to become 
t B!! I te t I 11 lt > and th• carry bit will bt cl11r. Note 111tt nch ltft 
sh1ft ' """" tho A-.-.g to dOl.tllt in valut •r. long u th• high arder 
bit is not • ont btfl>rt tht shift. Shifting loft is a convierutnt way 
of multiplyìng • val .. by twa. Usìng ASL in comb1n.tlon with ROl, a 
multiplo pr1ci•ion shHt m&y bo ofttcttd. S.1 tht ducription of tho 
ROL instruction. Valid &ddressing modn are: Accumubtor: ZP ; ZP,X; 
ABS ; ABS,X. 
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ROL - ROt&te Ltft. Th• A-reg or• byte in memory may bt slliftrd ont 
bit to tht ltft. Thr high-order bit g•t<> !>hifttd lnto thr t.ffy bit. 
The low-order bit rtdens the previous conttnts of the C.,..-y bit. 
Tht Hme &ddrusing modrs apply u kir the ASL 1Mtruction. 

A multiple precision bit shift is """ \Nhere • string of bytu 
i• truted li!<. ont long bit 1uttern and the I/lift e&usu tht bih 
which comr out of the high-order positions of ont byte gtt shifted 
into tho low-ordrr positon of the nut byte in tht Stquenct . For 
• omple: 

LDY 
BITSH LDX 

ASL 
DEX 

ROLIT ROL 
DEX 
8PL 
DEY 
BPL 

#3 
M4 
S'TR ,X 

S'TR ,X 

ROLIT 

BITSH 

SHIFT 4 BITS 
THRU 5 BYTES 
R I GHT -ttOST BYTE 

ALL BYTES ? 

ALL BITS ? 

This routine would cause the strmg of five bytu &t STR to bt 
loft •hiftrd four bits. Each •xecution of th• ROL shifts th• contents 
of tht Carry bit into the low ordor bit of th• byte bting shifted. 
The C&rry bit will conh.in th• bit which w1s sllifted out of tht high· 
ordor bit position of the previous byte . The ASL 1s used u the first 
shift instruction to forc• uro b1ts into tht low order positions of 
tho low-order bytH. 

LSR - Logica! Shift Right. The tontents of the A- reg or memory 
loe&tion specified i5 !Sl>ifted one bit position to th• right. Th• low
ordor bit gets shiftod into the Carry bit. The high-order bit 
po•ition is forctd to zero. Th• Zrro bit is set b&Hd upon the 
resulting v&lue of the sh1ftod byto. Th• Negative bit 15 forcod to 
zoro. The Hmt &ddrtssing modos apply •• for the ASL lnstruct1on. 

ROR - ROhtt Right. All bits in th• rototed byte .re •hlfted one bit 
pos11lon to tht Ng.ht. Tno Carry bit is shifted into tnr high-ordtr 
bit position and tho low-ordor bit position is shlfted into tht Carry 

es a 

• • 
• • 
• 
• 
• 
• • 
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bit. Th• nm• •ddressmg mooos apply •• lor the ASL instruction. The 
LSR •nd ROR instructions aro th• same os the ASL •nd ROL in5tructions 
except th•y sllift bits in the appos ite directions. Note th•t a on@· 

bit sh!ft righi rnults in •n effective division by two • 

BaolHn &l'ithn11ttii: instructions 

AND - Logitll AND. The A-rog is logit•I AHDed with the specifiod data 
byte . Tht boolean AND operation is perform•d betw .. n corrnponding 
bit s of the two byte5. Eac:h bit position of th• palr of bytn i5 
operated on indivtdually, tho result of the oprration repluing tht 
corresponding bit in the A-reg. The ruln of the AND oporation .,.., 
H the two bit5 bting ANDed aro valuo I, tht rtsult is • I; if tither 
bit is a e tht rnult is a e. That ls, te AND IJ • 8; re AND 8J e 8 
; [I AND I l e I ; (I AND 8) •e. Examplo: 

AN[) 
11881818 
18181188 

18881886 new A-r eg 

Only tho bit pos itions which had • I in both bytes ended up 
with • I in th• rnult. Th• AND instrudion is frtquently U5td to 
••lectivrly clH r individud bits whil• maintaining the status of the 
othtr biti in the by te. This is don. by cre•tlng a "mas~·bytt" which 
has a e In tvory bit posìtion which need s to bt cleared (se t to 8l, 
• nd • I In •Il tho othor bit positiD11$. The masi< byte may be in 
either the A-reg or the specified memory lotat1on but tho rosult of 
the operotion alw&ys repl.cn tht A·rrg. 

Th11 process wor-1<5 betauso • 8 ANDed with aither •tor • 
givn • e rnult while a I ANDed with • e givn a e &nd AHDed with a I 
givrs a I. 

ORA - Logica! OR. The A· reg and the specHitd mt mory lotat1on u ? 
log1cd ORtd together, the result roplac.ing the A-reg. Tho boolean OR 
optr • h on, ill<e tho AND oper•tion, is •bit by bit oper•tlon. Each bit 
ot the A-rrg 15 Ofiod with the corrnponding bit of the byte in memory 
by lht followmg rulo5: lf oither bit is a I, the rtsult is a I. lf 
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both bits art e, tht ruult ìs 9. That is, Cl OR I J • I ; Cl OR 8J • 
I ; ce OR 1 J • 1 ; e OR e• e. e:xomple: 

11991818 Ne~ory 

ORA 1918 11ee A-r•g 

11181119 A-rtg 

The ORA is fr•Q'Jently UStd to selectiv•ly turn bits on <set to 
li. Lil<e with tht ANO, • muk must be cruted which indicitn tht 
dosirod b1ts to wt and th• bits to be unaffecttd. Thr OR masi< must 
h&vr • bit on in thr bit l)Ositions to bt s.rt and oH in U.. l)OSitionr; 
whicti need to be m&intaintd. This is Ol)l)Osite of thr AND m11k. 
There, 1-bits m&int&ined tht s1ltus cµi. Htrt, e- bits have th1t 
rtsponsibility. A t in the mask bytt when ORed with • I givn • I &nd 
whtn ORed with • 8 give a e. And • I in tht muk byte alw•ys rtsultl 
In • ! r•sult. Cl OR IJ = I; Cl DI' 8 l • ! . Vllid addrnsing modu &Nt 
the ume os fOI' tht AND instruction. 

IOR - S:xclusivt OR. Tht contents of tht spocifitd memory bytt &re 
EORtd with tho conttnts of the A-rog, rtplacing the A-rtg with tht 
rtsult. Likt tht AND and OR tnstructions, this ls •bit orientod 
instruction. Tht rulu of lhclU11ive-Oring ar.: Tht rtsult will havt 
• I in any bit l)O•ition for which only ano of tht t\olO byt•s bting 
EORed havt a ont. All othtr bit pMitions of tht rnult will h&vt • 
e. <i.e. Cl EOR t l •I; Cl EOR I l• 8; ce EOR Il. e; ce EOR Il= Il. 
Rumple: 

EOR 
11881910 
19181188 

81 199118 

Ntmor y 
A-rtg 

New A-rog 

The EOR instruction is usoful fOI' innrting bits. A I in • ny 
m .. k bit position will c&USt th1 corrt!Sponding bit in tho rnult to 
h•vt tht OJ)l)OSitr v&lue os th&t of thr COl'Ntspondin9 bit in tht ol>.itct 
bytt. A I befOl't EORing will rHult in a e afttr &nd vice voru . A 
zero in the mul< byte will c&ust tht COl'l'tsponding bit in the o0,itct 
bytt to go unmolrsttd. 

• 
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BIT - BIT ttst. The A-reg 11 logically ANDed with the cont1nts of tht 
spocifitd memory loc&tion. Tht Ztro flag is ut il tht r.sult of the 
operation gives & uro rnult. The Neg•tive bit is set H tht high 
order bit of tht mH1ory loca tion 1s stt. Tht Ovtl'flow bit is 11t if 
the sitcond-f'lighost-a-der bit ( tht 6-lnt I of tht memorY. loc&tion is 
wt. Tht N19ativt &nd Ovtl'flow bits aro clurrd 1f tht 7-bit &nel 6-bit 
of tht momory lociltion •rt clur. The A-reg ls not •fftcttd by the 
rxecutioon of this instruction. 

This instrvction is vory ustful for ttsting individud bits of 
bytn in mtmOl'y. Th1 A-rt9 is lo&dtd with • muk which hn onu in 
tht bit l)OSltions to bo tnttd and uros in tho rnt. lf any of tht 
mtmDl'y bytt's bits in th• t nted l)OSitions &Nt on th• rtsult of tht 
ANDing oparation will bt non-zoro. Not• that tht mask m•y bo oithtr 
in momory or in tht A-reg IDI' th• tot to work. The Ntg&tivt •nd 
Ovorflow blts •rt stt based only upon the bit configuration of the 
momory bytt how.vor. Eumplt: 

NASI( 6TI ~86 
LDA 11ASK 
BIT VALI 
EINI BIT7 
BVS 81T6 
SNE BITIOR2 

OK EQU a 

Tht v&luo of tht byto lHignod to labtl HASK is 116. Tht ! -
bit ilnd the 2-bit art on and a.li others art oH. Tht BIT instruction 
ANDs the contenti of the A-rog, tf6, with tht byte •t VALI and tht 
result will bt n~rro only if either tht I-bit or tht 2-blt of VALI 
is a ont. lf VALI has its high-ordor bit on, tht progr•m will br•nch 
to BIT7. lf the 6-bit is on in VALI tht progr&m will br&neh to BIT6. 
H t ithtr bit-2 DI' bit-I ••• on, the brll'lcll to BITI OR2 will bt t&l<tn. 

Th1 • 'o>• is us•d in tllt lut statement of tht progr&m. lt 
has • speci&I significane• to The 
Assemblrr. Ustd in tht optrand fitld of an instruction it is lil<t • 
symbolic l•b•l txcopt it r tftrtncos th• currtnt v•luo of tht Loc•tion 
eo..nter. Htro, it porfDl'ml the function of anlgning tht v&lue of the 
Location Ccu>ter to tht label "OK". 
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ADC - AI>d with CaN'y. Additian is p.rlormed with tht A-ng, the 
spodfitd memory locatian 1nd tht ~N'Y bit. ( A-re9 > • ( A-ng > + ( 
addr > + ( c1rry I. The t .. .I is used here to mHn "tht conttnts 
of''. Tht rnult replues the A-reg. The modt of &ri1hmttic i1; 
dttermlned by thr statua of the Dtdmil modt bit at the time tlle 
instruction is executed. lf s•t1 th• mode of additlon i& the Dtcim•I 
mode . Il clur, the mode is bimry. Valid &ddrtnlng modts art thae 
umt u for the LDA instruction. 

Binary 1ddition is quite simplt. It is pst Hke decimll 
additian t xctpt the highnt numbrr you havt to worry about is I. The 
rul!s of additian ar•= · 

e • e • e 
8 + I a I 
I + I e 18 (2 i n dtc l1u ll 

Tht third rumplt is tht only ane whidl is dlfftrent 11'Dm 
decimai 1dditlan. When we • dd a pair of bìmry numbtrs with more thon 
ane bit apitco, we proce•d from right to left )Jst like d•dm&l 
addition. Wt •dd th• two bits tog•thrr •nd if tht rtsult is gruter 
thon I we have to carry I. So, Il+ Il• 119. Doing tMs • ddition 
one sbp at a time, hlting the rightmost bib, I and I, and adding 
them by the obove rules, we see that the answer I• te, or e with • 
carry of I. Next we add tht ntxt pair of bits plus the corry. I +I 
+ I • <I + Il + I • I e + I • 11. Thats a I wìth • carry oi I. Note 
that I + I + I • 3 in decimai and I + I • I • 11 In binory which ia 
the binary •quivllent of 3 dtcimil. Tht most you havt to remember in 
binary additian of two numbtrs is e+ e • e ; e+ I • I ; I + I • 18 
18 carry Il ; I + I + 1 • 11 (1 tMry Il. The ADC lnstructlan dots 
this birwry •dditian worK lor you, so you might not netd to W10W it. 
On the other h1nd, you ll"ob.ùlly will whtn you go t e dtbug YD<I' 
Gàlactic Gabbltr 01me. So you might Pst 1s -u lurn 1t now. 

Whtn in Dtcimal modo, th• 6582 exP41tts tht data 1t is adding 
to bt in ' birwry coded drcimal" format. Th1s ls ytt 1nothtr dati 
format. In BCO, the eight bit5 of a byte ore 1nt1rpreted te be two 
fDlr bit dt cimil digits. C:1ch fOU' bit digit m•y h1vr the htudtcimil 
vdun of t-9. lf thtrt is somt other bit configuratian in tht range 
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of A- F in t ither hdf of tm. bytes being addt d, tht results will bt 
..,.uningful. lolhtn tht AilC is txtcuttd In Orclmal modt, tht two low
ordtr dlgits ee &dd•d and any dodm&l c&N"y ls addtd togethrr with 
tht two hi;h-order digits. The carry bit will bt 11t if thrrr i• • 
dtd mal cal'l'y from the 1dditian of tht high-ordor digiti. 

It is stand•rd procedure to clear tht carry bit btfor• using 
tht ADC instruction because tht Carry bit i& added into the result. 
This ls • niet ft1ture when you are doing multiplo precision •ddition 
~h u 1dding two 32 bit number• together. Tht e&N'y bit is the 
netd.d communicatian betwttn tht succts.ivt bytn of th• 1dditian. 

lixamplt of 32 bit multiplo proclsion addltlon: 

LDX M3 4 BYTE ADDITION 
CLC 

NEXT UlA VALI ,X 
ADC VAL2,X 
SiA VALJ 1X 
DEX 
BPL NEXT 

S8C - SuBtract with Carry. The §p@dfied byte in memory and the 
invrrse of tht C• rry bit are sU>tracttd from the A-reg , repl1eing the 
A-reg with the rnult. Th•t is, <A-reg> • IA-reg) - <addr> - CI -
tCarryll. The C1N'y bit is set if the conttnts ol tht A-reg are 
greattr th•n or oqud tD tho valut being subtrocttd from it. Tht 
C1N'y bit is clearod H the value subtr1eted is !on th1n tht cantents 
of tht A-reg. In deciding whethtr the conttnh of the A-reg and the 
mtmory location ort gre1ter than or lnu th1n cnt anothrr, thr 65&2 
intrrprtts tht v.ùun as unsigned integers In tht ronge cl 1-255. 

Tht corry bit is like an invt rttd borrow. Il • baN'ow is 
required, the CaN'y bit is e. lf no bON'OW is required, the CaN'y is 
I. Tht Negotlvo ond Zero bits aro 11t butd on tht rn ult of the 
subtraction. The Overllow bit i• 11t if • two's complement overllow" 
ocirr1td. V• lid addressing 111odes are tht '"'"' u for tilt LDA 
ins tructian. 

The nor11al sù>tractian pnxedure is to Hl tht ~rry bit befort 
tht SBC is executed. Using the SBC to compare two values requirts 
tntlng the Minus bit alter the subtraction is complttt. 

lf tht dn ire is to brondl to PRGA if the contt!nts of VALI 
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u. len th•n th• cantents of VAL2 the following progr•• would be 
uwd: 

SEC 
LDA VALI 
SBC VAL2 
BHI PRGA 

OK EOU i 

The abovt routine works for unsigned numbers. lf • comp•ri5Dn 
is being made ol numbers which may have negative values, • men 
compltx routln1 must bt und. Th• poHìbility of •n191tiv1 overflow'' 
•xists W"Mn IUbtr&eting numbers which are inttndtd to represent v1lun 
in th• range of t to 127, -I to -128. H we tt>y to FKA>tr&ct 19 from -
124, th• reault would be -134. This is out of thr r&~ of n191tiv1 
numbrrs. Th• 6n2 lets us l<now th&t if thìs wu & signtd oper&tian, 
the rn ult had "neo&tivt onrflow". This is dane by settino thr 
Ovrr flow bit in thr Proc.sscr Sbtus Rrgister. Th1 vdue wnidl ends 
L4> in th1 A..,..Q ls 122 1256-134) in the above tximplt. Tht i.nsigntd 
equivdent of th1 -124 is 132 <256-1241. And 132 - U • 122. This 
positin reault givrs & faln indic&tian of tht relative magnitudo of 
th9 two algnad numbers. Wh•n worlting with si gntd numbers th1 
following t1chnique i• ntcosu.ry to m•Kt &<curate comparisons of 
magnitud1: 

CHl<HI 
OK 

SEC 
LOA VALI 
SBC VAL2 
BVS CHl<HI 
8111 PRGA 
BPL OK 
BPL PRGA 
EOU ~ 

Positive ov1rflow un oca.r th• same way. ~ VALI hu 
th1 v&lue of 126 &nd VAL2 hu tht v&lue of -4. Thr intentian of tht 
&bevi prC19ram ìs to br.nch to PRGA if VALI ìs ltn than VAL2. 126 -
1-4) • 131. 131 is out of th• r •ng• of sìgned r&imbtrs <l-127l. 
Positivr ovf"flow occu-ed. The 6582 tells us thìs ìn th1 su,. way, by 
settino th• Ovtrflow bit. Don th• progr&m wcrk for this case? 126 
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is not 11ss than -4. Th• overflow bit wn set by tht SBC. The br&nch 
is t~n to CHJOU wtl•rt the Negative bit is tHttd. Jt is on btuust 
tht value in tht A-reg is gruter than 127. Jt is 131. So the br.nch 
ts not t&Ktn to PRGA. lt works! 

CMP - CoHP&re. Tht magnitudo of tht specifitd mtmory location is 
compared with the magnitude of the A-reg. Th• ?ero and Nog•tive bits 
ire set os though • SBC h1d occurred. Th1 A-r•g ls not modìfi•d by 
thi• instruction. Tho carry bit netd not be pro- set or clured bifore 
ox1cuting th1 instruction. The carry bit is set if tht compire finds 
th&t th1 A-ttg is gruter than th• v1l1.11t of tht cont1nts of the memory 
loc• tion. The Overflow bit is not afflct•d by thi• Lnstruction. lt 
ls thtrtfcn not possible to uw tho CHP to m•~ m1gnitude 
compari1iOM of signtd numb•rs. The ducript!an of th• SBC 
lnstJ'uction illus1r1tu tht technique fcr u compliltlino this. V&lid 
addrening modu .,.. the ,.....,, u for the LDA imtNction. 

CPX - ComP_.e the X-reg. Tiit x ..... g ls compored to thr contents of • 
spocifi1d memory loc1tion. This ìnstJ'uction lunctions 1xactly like 
the CHP lnstruction except the regìster being compared is th• X-reg. 
Thr v1lid &ddrnsing mocles •re Absolut1, Z.ro P1g1 &nd lmmedi&te. 

CPY - ComPare tho Y-reg. Tht Y-ttg is compared wlth tht contonts of 
the 1p1cìfi1d memory location. This instruction lunctions exoctly 
li~ th1 CHP &nd CPX ìnstructions. Addrening modes ll't tht ume u 
CPX. 

NOI' - NO OPtr&tion. Tht 1m.uing NOP ins11'uctìan don &bsolutely 
nothing. lt c1uws tht 6512 to spin its elr ctronic wh11Js for 1 few 
mic:roseconds. lt t~s L4> one byte of memary. 
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The Tools 

There are fivt software tools which make up the stondard kit. 
Thr Editor is used to create, modify and savo a1'sombly language 
programs to cassetto or diwtte. lt performs certain error checki.ng 
functions as weU. The Asnmbler ruds the assembly progroms which 
were cruted with The Editor .. nd The Deceder and produco a machine 
language program listing and machine languag• load modules on cosette 
or di~tte. The Loador reads the load modules from cassette or 
disl<ette into memory wh•re they may b• RUN, single-stepped or SA VE d. 
The Monitor can single-..tep through any madline language program, 
displaying the vaMous registers and status bit5 at every step. lt 
d;o •llows the easy examination and modification of memory locati~. 
The Decodor does the 0Jlll05ite of The Assemblor. It reads machine 
language programs from the computer's memory and converts them into 
auembly l&nguage which can then be saved to cassette or disl<etto for 
re-.ntry into The Editor and The Assembler. Listings of th• assembly 
l&nguage pragram are also printed to the screen &nd/or the printer. 
With tho extended-feature version of the kit lsee exchang• offfr at 
end of boolO, the Bdtior and the Assembler have been combined into one 
program, ASHEDT. This version requires a minimum of 3k of expansion 
memory but is easier to use. 

Flr5t Sùps 

Btfcrt •ttempting to use any of th• software tools, backup 
copies should bt made and the origind tud<od away for 5lff keoping. 
S.afe keeping lor any magnetic media means in a cool dry plac• away 
from sourcu of magnetic flux such u TV sots, loudi;peal<ers, 
transformtrs, power SLJP!llys, exploding nuclear weapons etc. 

To backup your programs, lo&d them one at a time using tne 
usuaJ procedure: LOAD xxxxxx lor LOAD xxxxxx,8 for diwttel where 
xxxxxx is the program name. The names of the proçrams which you 
should find on the distribut•d m•di& are: EDITOR, ASHBLH, LOADER, 
MONITOR, DECODER and ASHPRT. After loading each program, uve it 
eithet on cnsette or di»Ketto as you plH»t. Again, the usuaJ 
procedure is followed: SAVE xxx.xx or SAVE xxxxxx,8. & c&roful not 
to savt the program onto the cassett• you j.ist read it in from as you 
will no doubt write ov•r th• next progr&m on the tape. lt would be A 
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good idea to uve uch program on its own cusotte if you don't h•v• .. 
disk system. This will cut down on the time it taKes to find •nd load 
the programs when you use them. 

If you experience trouble le&ding any of the programs, be sure 
you have spelled the n&me right and that the tape is in the propor 
position. lf LOAD ERRORs prevent you from loading the program or the 
program j.ist doun't seem to be on the media at ali and you are sure 
your machines are in good working ordtr, you should return the media 
to l'rench Silk fora replacement. You have thirty days in which to 
find out if you have a problem and to retum the faulty medi•. A 
replacement will be made at no charge. 

The Bditar 

Load The Editor in the samt WilY you did when you madt your 
bacl<up copy. o.ice it is loaded and the screen display s•ys READY, 
type RUN. The scrHn will change colors &nd the copyright message 
will appear, followed by the prompt, "HAX?". This is the only time 
this prompt appurs. You are being asked how largo an asstmbly 
Janguage program segment will you be w&nting to create or load. lt is 
only impol'tilnt to •nswtr with a number •t least one greatrr than the 
l•rgost numbet of statements you expect to h•v• in •ny »egmtnt. lf 
you have il SK VIC you can aJways •nswer 99. This mHns you will not 
be •llowed to create a program segment larger than 89 statements. 
That is about the m05t you c&n get into the minimum VIC anyw&y. H 
you have some memory expansion, you can figure on getting •bout an 
extra se - 75 stat•m•nts per K of expansion. So, with &n 8K expander 
you c•n figure you can create •nd uumblt • program segmtnt of about 
Set statemtnt». Lilttr on, we will 91t into brul<ing Jarge programs 
into smalltr workable ugments. 

For now, enter 99 regardless of how much expansion you h&ve. 
Do thi5 by Ktying •99 CRJ". Note that at all timn in this text we 
will UH tht "CR l" ;ymbol to rtftr to tht RKTURN key. 

You should now see "CPLDIMS" in the center of your screen and 
il "?" on the following line. You are bting nktd to wltct a choict 
from the menu of options. Britfly, tht options &rt: e - cre•te, P -
print, L - Le&d, D - Dolete, I - lnsert, H - Hodify, S - Save. <Note: 
with the Extended-Futuro version of tht kit, thf &ddition.a.l menu 
option "A" for A5semble ~&l'S dttr the other editing optionsl. 

Since we are now going to c:rute .. pl'09!' .. m wgmtnt you should 
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l<ey •e CR J•. The ~•n should now clur and • ?' • should &ppear on 
tht s1cond lino of your dir.play. This i• tht prompt far 1nt1n no a 
line of a source program segment. It alw•ys appe&rs in the Hme placo 
on the scrun. Thi• is the ' tdit-window• . ""'•n we 9et to modilying 
progr&m ugm•nts we will stt that linn to bt modifyed wìll 1wur in 
thia umt tdit-window. 

Enter tht lollowing auombly language st&ttmtnt without hittlng 
CRJ: 

LOWEQU76tt 

Be s~ to le.ve • r.p1.c1 dttr the label, LOW, 1.nd bifore 
tht mnomonic, EQU. Be surt not to !uve any r.p&ct bttwern th1 BQU and 
th1 oporand, 76H. lf you made erl'!ll's in ktying the above st1tem1nt 
you may move the curr.O<' to tht trl'OI' with the cursor control keys •nd 
correct it by typing over the errar or by using tht Cd1l1t1 J and 
CinseMJ Ktys. Unti! CRJ is hit, changts may be made at will. Each 
at&t1ment entered in the edit-window m•y be &t most 86 char1ct1rs 
long. This is lour complttt scrHn linos. 

Once you h•vt tht stattm•nt Keyed ~tu shown, hit CRJ. You 
should He th1 statemont &ppear • fow linor. lower on tht scr.on with 
the lino numbt r I on tht lt f t &nd wlth a space between tht EQU and the 
76tt. Not having to l<ey the space between the mnrmonic •nd the 
operand i• likt &n &utomatic tab leatU"e and saves a Keyst"'*-· lt 
c&n bo confusing though, upecially il you • ., ustd to othtr 
asw1mbl1r/1ditors which r.quiro the ••tra Keyst .... R1g1rdloss, thi• 
11 the lormat of every sht1m1nt you will entor with The Editor. The 
!&bel field is optional and if omitted, a single space must precHd 
tht mnomonic . Tht first sp&ct after thr mnomonic signifln thr 
b191Mlng of the commtnts. In thl• 1umpl1 no comm1nt9 havo bttn 
1nt1rtd. 

Now thr t dit-window ~d br blu« except lor the prompt 
(?"). 

lt is timo to •nter the 11cond stat1m1nt of tht progratn. lC1y th1 
lollowing: 

H SG BYT'I T WORKS 

The labol fi1ld i• ' HSG''. Th1 mnomonic i• tht pstudo-op, 
"BYT", and tht operand is "1T WORICS". Thls would u1m to bo a 
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contradiction of what wa• .i.nt proviowsly s.tat1d about tht lirst 
space st1.rting the comments. lt is. This is tht only t xctption to 
the rult. When the first charactor al th• operand field of • BYT 
lnstruction is • " ' ", th1n no comments &re &llowed • nd the entiro 
ch&r&ettr !ltrino alter the " ' " ìs considertd th1 operand. This 
optrind type is called a literal string. 

"""'n the statemtnt i• entertd corroctly, hlt CRJ. This 
st•temtnt should now awoar alter Statement I on tht scrHn. 1t is 
line • 2 of tht progr• m belng wntten. Tht tdit - window ls now open 
• GÙ!l· 

Enter the statfmtnt: 

SPG EQU658 SCRBE N 

Hit CRJ whtn you've got it right. Jt appearod like the othrrs 
down below the wlndow, right? lt should havo. Now, the probl•m is: 
lt is an incorroct st•ttm1nt. lt 1hould hh't b11n: 

SPG EQU648 SCREEN 

To fix it, wt h1ve to luvt the modt of tnt1ring new 
stat rments. Thi• i• dono by l<llying CRJ with a bw-.k line in the edit
winc!ow. Do that now. You should s.e a r.tum ol the originai menu, 
lollowed by tht • ? • . To liJ< • wrong lino it i" necnury to choose 
menu option "H' lor modify. Do th&t &nd bt sur1 to hit CRJ. 

Now the prompt, "L,41?' should appHr. Thi• prompt I• ustd lor 
the M, D, P &nd I optlons. lt mHM which lini numbtr <LI and how 
m•ny lines 01>. l'or tne Hodify, the second numbtr should always be a 
" l" since we c&n only modify ono lino &t a time. Kty: 3,1 CRJ • Tht 
1tatement wt .iJ•t ent1r.d should now &ppe&r in tne 1dlt window. At 
this timt it i• possibl1 to make &ny moclificatlon dnlrod by using the 
CtrSOI' contro! keys , tht Cinwrtl &nd [deltttl l<lly• and Mying OYlt 

any char acttrs which appear in the window. Hovt tht cUttOt to tho 5 
and My & 4. You c&n hit CA l now if it ~ 1.i.1<11 i t lhauld. Th1r. is 
no noed to move the C\.l'SO<' to th11nd of tho lino btlore hitting CRJ. 
Now th• fixtd v1rsion of lint 3 chould h&vt rtplac1d tht erroneous 
one. Tht m1nu should havt reappe1red once 191ln. W.11 uu tho •p• 
option to see the altertd statemrnt. 

Tht Print mode 01>tlon allows you to llst your segment to tht 
scrun. You may start anywhere in tht progrom ind print in blod<s of 



any sia. Koy •p• CRl . You will "'' tho &lrudy f&mìli<Lr "L,#?" 
prompt. Yau art boing askl!d whtro do you want to btgin listing tht 
P"O!lr&m and how m•ny linos do yau want listod. W. only h•vo thrtt 
linrs so for so it would bt reuon.ibl• to k.ty 1,3 but for th• s.k.t of 
1duc•tlon, llty 1,1 CRl instud. lf you did thai, you will s•• th• 
first linr wu displ• y•d and tht mrnu rui;>purtd. Now, if you k.ty 
only CR l the li•ting will continuo with tho no• t bloci< of # lino. 1t 
will pl'int the ume numbtr of line• as you spoc1fitd last timo, i.t. 
I. This is most corwionitnt wilon you havt • lugt program lnd wi•h to 
st• • scrHnfull at a timo. Answoring 1,15 to tho initi d prompt will 
cauw tht fil'st 15 linos to bo displa yed. And u ch addition..J tlmt you 
hlt CRl after thai you will got anotllor IS linu. Hil [R) again and 
lho l.ist lino will appor. Noi• that it w.s changed by your 
Modification Jl"OCtss • whil• back. lf you hit CRl any more, ali you 
will gol i• the menu •gain. 

Wt w1nt to contir>.» 1dding more stattmenls to CU' program but 
it would b1 • mislak.t to try to contÙ>.llt by re-onttring the Creai• 
mode. That c•usn th• wilolt lisi of entored s tattmt nts to be ora ud 
and th• stat1m1nt numbor to bo rnot to I. DO NOT TYPE A •e• AT THIS 
TIMB:. Onct the Croate modt hn bttn abandoned to fix a stattmtnt or 
to Print the .. gmtnt, new statoments may bt 1ddod only wilh lht lnsorl 
opti on 

Th• "!" command, will c1us1 usto r.-•nter tho st.temenl-input 
mod•. K•Y •1• now to th• Menu pl'ompt. 1.1@ won' t bothor to ttll yau to 
nit CRl &fter tach r ntry any more b1c.1..-se yau d rudy l<now thai it is 
required. 

lf you enttrod 'I", the ' L,#?' shauld b• starlng you in tht 
fact •gain. Far lhis mod•, tho right response is th• Une dter which 
you wish to inurt ntw sl<Lt•mtnt&. The "#' ls how many lines do you 
wish to insort. When dl wo want to do is to continue adding to the 
t nd of tho P"O!l""' Clil<e nowl ,.. enter the last lint rumber of tht 
ptogr&m and tht rumber I 13,1 In this c1.sol. Tht number of lines to 
bt inserted ls very imporlant when yau 1rt insorting lin@s in th• 
middle of tht progrom. You could overwrlte some of your program il 
you •nter more th•n you r.ay you wlll. Yau will have lines duplic1ttd 
if you enter lus. When <Ldding to the end , howov1r, we can •dd H 
many •• wo w•nt and only specify ' I' without having any problems. 

You should enttr •3,1• now and yau will su that tht lines of 
tht P"09ra m 14> to and including th1 lino L will bt listtd. And tht 
tdìt-window Jl"Ompt will be back wiiting for you to continue tht 
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•ntering of your po'Ogrom, When entoring program lines the most common 
error is to 1ither forgol to t nter a spue bofort tht mnemonic or to 
entor orw ofttr it. lf you gel stopped with an ERR mtss~t it is 
probably becauw you b,.. orw of th~ rulu . 

BRR I me<Lns either an inv&lid mnemonlc wu entertd or more 
th~ ont spact or no sp•ce lmmedi•ttly proctdtd the mnemonìc. BRR 2 
mHnS that 1ith1r an iddrnslng modi wu uatd which is invalid far the 
mnomonic or 111.t a space wos tntered immediately •Iter tht mnomonic • 

The first throe stattments of tht following progrom h•v• 
•lready bttn onterod. Now enter tht remoinder. You m1.y uperienct 
occasion<Ll dtl•ys of • w cond or l"1o • f ter enl•ring th• input bne 
befort tho prompt returns. Note that ther t is • 18 char>.cttr input 
buffer which allows the f11t typist to •g•t •hHd". 

LCIW EGU 7699 
NSG BYT ' Il WORKS 
SPG EQU 648 SCREEN 
ENOHSG EOU i 
LElfo1SG EOU ENDNSG-tlSG 
ENTRY LDY #LEN'ISG 

LDA 11$88 
STA 36879 SCRN COLOR 
LDA 19•22+4 
STA +0 
LOA SPG 
STA ... 

LOOP LOA MSG-1 ,Y 
ANO HBF 
STA ( Q) ,Y 
OEY 
BNE LOOP 
RTS RETURN 

LAST EDU ENTRY 

Th1 RTS may have e1uud you • probltm. lt tallo no optrand, 
so th1 ' RBTURN" must be stpar<Lttd from th• RTS by • spoce sinct it is 
1.cor .. 1ont. 

Ontt you get all of thtH statemenb enttrod, exit tht t ntry 
Mode tht same way,.. ltft the Create mode, I.o. CRl on • bl>.nk tdit
window lint. Now would be a good timt to chtck th• P"09••m for 



accuracy. 
lt turna out there is & mist&ke in th• way the progru wu 

written. For it to wcrk CON'ectly, statemont 3 must be movod so th&t 
BNDHSG follows lmmodiate ly after HSG. Also, an EGU LOW+LENHSG nnds 
to be inHrted il'lt before atatement 6. 

To accomplish thtw modiflcatìons you nud to fìrst delete 
statem1nt 4. You should have finlshed the inHrtion Pl'Ocna of 
cre&tlng the &bave w gmtnt by hitting CRJ with a bl&nk lino. Tht menu 
ahould be on tht scre•n now. Givt !t a "D" fcll' delete. Th• "L,1?" 
now m&y be respandod to with a •4,1 •. This is to delet.o ont lino at 
Une numbtr 4, Ona it is dont, tht menu will rt&ppeiJ'. 

Now to put it back whtre lt btlongs, you will nud to do an 
lnwrt. You should know how to do thls now. You will want to insert 
ont Une after Jine 2. Wht n you get the • ?" ", re-key the ENDHSG 
statement followed by CRJ. To get out of i.Meri mode hit CRJ with a 
blank edit-window. 

One m0!'9 thinQ to do. lnurt tht "EGU LOW" Une aftrr line 5. 
Now, rt- J!st the entìre program with the P option. Jt should look llkt 
tl>is: 

ULI EOU 7688 
HSG SYT ' IT WORKS 
ENDHSG EOU a 
SPG EQU 648 SCREEN 
LEl-1156 EQU ENDHSG-MSG 

EQU LCIW+LEl't1SG 
ENTRY LOY MLENMSG 

LDA Mt88 
STA 36879 SCRN COLOR 
LDA M9•22+4 
STA •B 
LDA SPG 
STA •I 

LOOP LDA MSG-1,Y 
ANO HBF 
STA <8> ,Y 
DEY 
BNE LOOP 
RTS RETURN 

LAST EQU ENTRY 

lnmde Tlw VIC ..... , .. 
lf tV1!rything looks r!ght, you 'an now S&V1! the wg01ent you 

~t cruted. lf there are tN'Ol"s, uw the modify or instrt or delete 
commands to correct tht problem belare pt'OCUdlng. 

lf you hav• a canett1 version of the software tools, ploce a 
bl&nk cossette in the recordtr and mal<e sure it is rtwcxnl. Give the 
m1nu an "S" for Savt. lf you ha ve the diskette version, put any 
diskett• with a littlt sp&ct lt~ on it in the drive and kty the "S''. 
You will be awd tht "NAMlt?' which you wiah to anlgn to tht file 
which you are &bout to creati. lf you have a disii, you m~t givt it a 
,,..,,, With cuwtte, tht Nm• is recommtndtd but optional. Rnpond 
wlth tht mme "TEST". 

Thtt SOl..C'Ct program H9mtnt will now be ~•vtd. With cusettt, 
you will be awd if the recordtr is "OFF?' befort t1lling you to 
"PRltSS PLA V AND Rl>CORD'. You nted only hit retum H this is i.Jst • 
p• use to insure the recordtr wn not left on from the IHt input. 

Onco th• recordlng is finlslitd, tht m•nu will ruppur. Now 
the first wssion with Tht Editor is over. To procttd with th• ntxt 
step, assembling the Pl'Dgr&OI with The Asstmbler, 1 ithtr ulect the "A" 
optian of tl'le menu if you are ~ing th• txtendod-future vtrsian or 
Pl'IH tht STOP and tht RltSTORB ktys simultaneously and ptQCetd to the 
next chapt•r. 
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n. A-mbllr' - ,,,e progr1m Mgm1nts cruted with Th• B:ditor ne1d to 
bt tr1n1J1t1d into 1ctUll mochine l1ngu1gt. ,,,is i• the fuiction of 
ii.. Anemblllf'. lt Càll rn d in and tronsl1tt àny l'lJmber of C<>nHcutiv1 
MU'Cr IHM•bly lonQUOgel wgmtnts. Far uch wg ... nt r11d, it will 
91ntr1t1 • ,..print of th1 originll !MU'Ct st1tomtnts, uch follo-d by 
its m1chint l1ngu1ge equiv1ltnt. lt will prlnt tht m1Chine l1119U1ge 
in 1ith1r h1udtdm&l or decimll. lt llso optionolly producH an 
ob• ct (m1chint l1nguogel output fil i ..tlich Tt.. L01der con than IDld 
into the ~dfied "'"lllal"f locations of tht coMPUttr. With the 
exttnded- 4-1turu version of the l<it, the Asn11bler ia 1 port of 
AflMB:OT, tht Asnmbl1r/Editor combinotlon. Tht cnly f\n:tional 
dif4-... rn with ASMBLR and the HHmblt r portlon of ASH&:DT I • thAt 
cn...ct POl<Klng of tht gttn11'&tld m&Chlnt langu&oe into 1M11ory is an 
option of ASHEOT 1nd it ia not poHlble with ASKBLR. This futtn, 
..tlen uud must not 1tt1mpt to POKE 111&ehine langu&Qt into the partlon 
of m1mory which i• uud by tht ASKEDT program ltwlf , •• thi• will 
cause wlf dutruction of ASMIOT. Tht POl!ll option la select1d by 
IMwtrlng "Y" to the "POICK?" prollpt. 

Note that tht ,.. are 1wa vt rlion of Tht ·Asumbltr includtd on 
tht distrlbution mtdi1. ,,,, u cond v1rsion1 ASMPRT, outputs to tht 
printtr r1thtr than tht sc,..tn. To load ,,,, A•Hmbltr, h•vt 1ith1r tht 
coswtt1 or di~ttl with the a&vtd copy of ASHBLR lor ASMPRTl in the 
appiopo iat.1 dtvite lr.cordtr or disk driwl and My "LOAD ASMBUI" cr 
"LOAO ASMBLR,8' lf you how tht di~ttt. Whtn tne RIAOY. ·~.,.. on 
the scrHn, kly "RUN' . 

You will now v• t th1 ""'' "MAX?" ~ation u with The Editor. 
Ht,.., aglin, you art belng uileld fcr tht mui- Mg1,,.nt sin in 
numi.... of HHmbly l&ngUIQt at1t1111tnts. Rt9j)Ond with 'H CRJ'. 

Tht ntxt prompt will be '0/H?". Do you wish to stt tne 
1111chint languoge in dtcimll or tltudtd11al? lf you kly •o CRJ", tht 
,..sult will be dtdm&l. Othtrwiu, llt'f ,..spcnu lrcluding CRl will 
cauw titx output. Kty • ' H CR:l" thls u .... 

Now tht pro411pt lhould be 'NANE?". Olvt it tM n111t of the 
SCU'Ct wgment you created with Thl Editor. In tM prtvious chaptllf' 
wtt croattd • MU'Ce file named •raST'. That ls ..t>at you shauld •ntor 
now. \Jith cusetto, lf you h!t ,iJwt CRl, tht fil'st filo foirod on th• 
tUStttt wiU be .-d. lf th• l'tCOl'der WH off, you wiU get tht 

lii 
.. 
.. 
• 
• .. 
.. 
• 
• 

lrwlllt 1'Mt VlC P•l-2 

"PRISS PLAY ON TAPI!" mns1Q1t. Do so. 
Now the filt should b• IDlding. Although thia is a 1wa-poH 

snmbltr tni• ts th• cnly timo tht file actUllly hu to b• 1'9&d into 
~1 co~er. You con bt ....,, the file h11 betn foo.rod by liattnlng to 
the reccrder. Th.,.. will bt a slight po UH 1very 4-w second• H the 
f ilo i• bting procuwd. Somtiaes, if cuwtte 1'9corders .,.. not in 
the bost of hHltho filn cr11ted with ano program do~ l~d v• ry 
-11 with 1nothtr program. File-crution hn leu built-1n fault 
prtvtntion than dots program-Cl'9ation 1nd so filn art mOl't! pront to 
I01d errors. Tht lAUl.I •ymptom of thll problem with Tht Auen1bl•r ls 

1 •STRlllG TOO LOllG" errcr. You con try to IDld lt aglin or you mlght 
havt to ,..-crHt• it with ,,,e &:ditor. lf it i• a ptrsistent problHh 
you might be wtll •dvisod to h•vt your 1'9tordtr tt.>td up. 

l<lhtn thl fil t hu bttn succtnfully lo1d1d, tho l'llXt prompt 
appe.,-s. "OUTN?" is l'9qut1ting • nam• to b• anigntd to th• 11achine 
l&nguagt output filo. lf yOAJ don' t wish to cre1t1 ano •t thi• t ilM 
you must hit CRl only. Do that now. 

Now the program will start to bt Hsttd on tht scretn. You 
should Hl tht flrst ttn llnes of the program whith wu creattd with 
Th• S:ditor. After Hch lini of MU'CI should bo 1 lint with tht lint 
l'lJIOber on tht Jeft, followtd by th1 •ddrtu of ..tltl'9 tilt 111act11nt 
language will end up, folloWfll by the actual m1chint languogt 
tr1n1lation of tht prtcHding ustmbly l •nguog• 1t1ttm11nt. 

Tm sudi two-lint 1t1 tem1nt1 will be followtd by • singl• ' ? 
•. Tiit Asw11bltr pouua every 1t s tatu1.nts to lot you view th• 
1Uten and to teli it when you are ,..1dy to havt it contil'lJt. To get 
tht next batch of 19 s tltem1nts it i• nocnsary to l<ey anything but ' 
/ •. A• / " will c•uu th1 ustmbly to bt prematurely ended 1nd • 
,..t.rn to tht point of nl<ing "D/H?'. CR l is tht normll response. 
ICty thlt now. 

Tht ,...t of tht program should now bo ustmbltd •nd Usted. 
lt will bt foll'owed by tht "S:NO?" prompt. lf you h•v• 111 you nttd 
from Tht Aawmbler you 111y w1nt to terminate tht progra m by simply 
pr.aslng RUN and RESTORE siMUltontously . You may wont to u:ie11blt 
anot:her program w9m1nt 1t thi• time In wtrich e&H hitting CRl will 
work. You 1111y &!so ... -unmblt tht samt segm•nt now without having to 
... -load tht IOU'Ct file. Th1t is what WI will do now. Key CRl to tht 
•e; NO?" prompt. 

I.i. should be bici< at th1 'D/H'l" ~stion. Thi• time, 1n1wer 
' O' for 1Mcù1&l. Now for th• • NANE?• prompt, giw 1 • I ' followtd by 
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CRJ. This is th• way to spocify a ro-assombly of the sam• filo 
without having to re-load tht !IOU'CI sogmont. The "OUTN?" prompt can 
now b• answored with a filt mmo to bo usigned to tho duired Jead 
sogmont. This timo wo will cruto one. Enter "TEST-L • followod by 
CRJ. If you havo the custtte vorsion, you should gota "OFF?" prompt 
now. Lil<e with Tho Editor, Tho Aswmbler i1 trying to protect you 
f!'om your own neglect. lf you had ltft tho record1r in PLAY mode fl'om 
tho file input phue, Tht Assombler would havo thought that th• 
recON!or was rudy to record. This prompt is your cue to put tht 
pl'Cl)er cuutte in tho recordtr at tht dnirtd position on the tape. 
Onco that is dono, you may hit CRJ. Now tht PRESS PLAY AND RECORD ON 
TAPE message will appeor and you should follow orders. 

lf you have done •li of that, the recorder will start 
wrìting, tht listing will btgin to appur on tht screen and this time 
tht addrenu and gtneratrd machine language will be in decimai 
instud of hex. liiverything elso is the samt. You will notice tht 
rocordor or disk doing its thing every onco in a while as lo.id 
••gmonts art bting written out. A t "END?" timo the output file will 
clost. You now havo a file saved to tape or disk which will bt 
loadablt by The Leader. 

There are two error mnsage• which the Assombler can generato. 
"ERR 3" signifies a referenct in the !J!l•rand field to a Jabel which 
has not bttn defined anywhero in th• program. Following the "BRR 3", 
the offending label will be printod, After the label will appear the 
attuai machine Janguage erroneously gtnerated. ERR 3 mossages may 
also appear b•for• the listing of th• program begins during the f ili> 
input st;igt. Thtst mtssages Oag EQU statements which have labels 
which havo not been dofinod. See the Assembler sp•cification chaptor 
for more information on EQU statements. 

"ERR 4" signifies a relative branch instruction with an operane! 
••Pl'US!on whith computn to an ;iddros;s which is out of 0&nge. 
Relativo branchu may bt to addrtHts which are a maximum of 127 bytos 
beyond or 128 behind the addrtss of tho instruction immedi;itely 
folowing the branch instruction. The samo information follows th• 
"ERR 4" messa90 as the ERR 3. 

The t.o.dlOI' - Tht capability to writt, lead and run .i very largt 
program is providtd for evon tht smallost VIC-28 through tho combintd 
uso of The Assemblor &nd Tht Leader. Largo progr.ims m.iy be broken 
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into segmonb which e.in fit into the memory spaco af The Assomblor. 
&cause The Assembler can create lo•d segmtnts, tht space whtrt the 
machine language program is dosignod ta resicle is not limited to that 
which is left over whtn The Assembltr is in m•mory. That is, a 
failure of some .issombler systoms is th&t the assembler directly POKEs 
the machine language into momory. Tho memory where tht usembler 
itsolf rosides is thertfore not .ivail1.ble for the mochine language 
program smco tilt assembler would be stlf destructing as it was 
assembling. The solutìon 1s to havo the •sstmbltr save the machine 
language program somepl.ce where another program can Joad it into 
memory. This requirn a loader progr.im. lf the loader is a short 
progr.im it will allow tht maximum possible space for tho machine 
languago. 

lt is liso dtsireable for th• loader to be able to input 
multiplo Joad segments to better handle the largo proqram. This, The 
Loacler is and doos. 

The Loador 1s written in BASIC and bocause of the way BASJC 
holndle. ,; tring variables, it might bo nocossary ta •protect" your 
machine l•nguagt program from the string variables of BASIC. lf you 
ar• using a VIC with SK or less. Btfore Joading the samplo p!'Ogram of 
the previous th•pters it will be neco;sary to reset the "TOP-OF-BASIC" 
and "TOP-OF-STRINGS" pointors in zoro pago. This s/\ould be danti in 
tht following way: 

POKE 52, 7 6ii /256:POKE 51 176H-PEEK<5 2l* 256: 
POKESS,PEEK<Sll:POKE56,PEEK<521 

Tht Leader is Joadod .ìJst lik>! Th• Editor and Th• Assombler. 
Tht program n.mt is "LOADER". \Jhtn you RUN the program, tht fir»t 
prompt ask>!d by The Leader is; "NAHI!?", as;Ming for the name of the load 
sogment croated with Th• Assembler. For th• purposo of this tutorial, 
piace the cassette with th• tape creatod with Tho Assomblor in th• 
recorder (or tht disl<ettt in tht diii< drive I and ~y tht namt "TEST-
L". Tht usud "PRESS PLAY ON TAPE" messagt will appur. Do it. 

Tho tap• or disK !Should now do its thing as the load module 
gets ~t and the appropri;ite memory locations got POKEd wìth the 
machine l;inguagt program. As uch Joad segmtnt completes leading, Tho 
Lo.idor will asl< !or the NAHE of the noxt ono. lf thore are no more to 
load, the rosponso !Should bo" I' . For this dtmonstration we have only 
one sogmont. Tho socond timo the "NAHE?" prompt apprars, l<ey "I". 
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At this point the muhiN l&ngu.lge program creattd with Tht 
Editor, usembltd with Tht AsNmbltr •nd lo.ded with Tiit lo.dtr ohould 
bt in mtmory rudy to be .. 1cuted. 

Tht loader will f~t prompt you wlth "SA VE?", uking if you 
would lll<e to uve tht m•chlne l1ngu•9e program. Thìs can be 
particul1rly uwful for large multlple-segment prog!'lms. Saving it u 
ori. largt program will enablt you to re-lo• d it likt any BASIC 
program with tht u-1 LOAD proct dir.. An lnteruting sidt bo,,.fit of 
The loadtr is that yau m1y un lt without lo•ding •ny An•mbltr-
9ener1t1d lo.d sogmrnts. You may uw only the SAW lut ..... by 
rtsponding with • • 1• to tht lint 'NAl!B?" prompt. 

lf you choose tht SA VE option, you will &lso bt prompttd far 
the low and high address of th• Hqment you wish to s&ve. These must 
bt ent1red in d1cim1l. lt is an unlortcnatt anomdy of the VIC that 
lor cuutte uvu, the highHt address wh!ch m•y be uvtd is 32767. 
Th.is wa• prtsumably • lt1ttr. to prot.tct urtMdgts lrom being uvtd. 
Howt!vtr, it works fine lor uving to disk<tttn. lt would be • good 
txerciu in undtr11t&nding tht workings ol thr k<trn.I to • ttempt to 
find tht Umiting portion ol tht operating system •nd to lind • way 
&round it. The Decader would bt vtry useful In such • pursuit. 

You m•y onswtr "Y" to "SA va•, and 761t to "LOW-ADR?" • nd 768t 
to "HIOH ADR". S. ourt to havt • tipe rudy to record on, thtn answtr 
'SA VETKST" to "NAME?". Thls will coun the crution ol a filt on 
cuutt1 lor diUC.tte if you havt th• disii v1r11ionl with the n.m• 
"SAWTI!ST". When you lo.d 1t back in if it ls on disk<tttt you must 
l<ey "LOAD SAVETEST,8,!" far it to load back into the ume sp&ct you 
saved it from . lf the file is on cusettt , ~t 'LOAD SA VETEST" will 
do. 

Noxt, Tht lo•der will ask you if you wish to "AUTO-SYs>• , lf 
you rupond "Y". The progr&m .ì.Jst lo.ded will execute via a SYS to 
tht &ddrns spedfitd in the lnt EQU in tht program. H you wilh to 
use thi• future, th lut EQU in your program must sptclfy tht 1ntry 
point of your program. Cli.I' progr&m h&d suc:h an EGU Ml we un try row 
to rxtcute tht program. Key a 'Y" to the • AUTO-SYS?' prompt. 

lf tverything hH gane w1U, you will set tht produce of your 
progr&mming labors now displaytd In the middlt of tht aa-.en. lf far 
SOl!I• rHMln this is not the c•H• ii would bt good to go back to The 
Editor, la.d tht MlUret segm1nt with tho mtnu option "l" &nel verify 
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that it i• correct. Hlk• •ny necessary changu &nel re-asse mbli -.nel 
re-lo.d the program. Il should worl<. 

The form&t of the load sogment fil• which is cr ... ted by The 
AHembltr and gets input by the loader is C1<Jite simple. Tht records 
consist of three record typu: addrHs records, machine languagt 
record,. and on ond-of-filt rtcord. Evory time Tht Aswmbltr procn"Sts 
.,, EQU stattment 1t gtntratos an Address N'COrd. Addren records 
causo Th• Lo&der to reut the •ddros of whtro to next POKE tht 
machine language. The second type of record is a m•chint longu•gt 
record. Thero I•~ record for tvery byte of mactnne languago to be 
POK&d. As uch m.chine langu•gt rtcord is procened, it is POKl!d into 
soQU1ntiaJly incrtasing momory locations unti! ano~er addren 1'9Cord 

or end of fil• record is encounterod. The end-<1f- f1le record li • 

6ingle "/11
• 

There are sevoral placn whert machin• langu•ge programs may 
bo dtsigned to reside. Thn• includi Il lnsidt • BASIC progrom 2l 
Aftor BASIC 31 S.low BASIC 4l In the cu"Sttto buffer !133C-13FB or 
828-ltl9l Sl In expansion RAH in blod< 5 (SAiet-IBFet or 4896i-49152>. 
61 Anyplaco th•t Tht Loadtr itself don not rtsido. 

lnGm a llASIC 1'"9'&11 

To get a machino lu >gu.191 program into • BASIC program so thd 
lt may bt nv1d with th1 BASIC progr•m and relo&dtd right •long with 
it, • c~lt of techniquu m•y be ustd. The fir_s'I way is to load • . 
BASIC program with severa! RE H statements wluch take up spaco &nel will 
bo overlaid by the muhine l&nguage. The t!IMn for REH must not be 
overlaid but 1v1rything afttr it can bt. 

Record tho valuu of loc•tions 43-46, n you will neod thtm 
later. Thtn lo.d The loldor into m1mory starting •t some &ddress 
aboV9 tM BASIC program (u..ing tht ttchniq.» 1xpl&i,,.d in AWendìx F>. 

The Loadtr -.nel tht othtr BASIC progr•m will both bt in RAH row 
but in difftront loc• tions. Now rui The loadtr to load tht m&chino 
lang~g• proor&n• which w&S designod to fit in the sp1.c1 Whlch tht 
du111111y REM st1tem1nt11 crutod. This wlll caus. the REMs to bo onrl.ud. 
Tht but twdlniQUI is to ll• n tht RBH 5t•te!Mnt• • t the vory front of 
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the progru1. This way, th• machine languagt will not bt shift ed 
• round • vt ry timt stat1m1nts are addltd to or d1l1ted fl'Om tho BASIC 
program. 

1t will b• necuury to ch1ng1 ~m• point11'$ withln tht tttt 
of your BASIC proqrui if you overliy mart than one RBK. Thr Ju t RBK 
ov1rlild must be fOl.nd in mrmory and its lini< addross to tho following 
slitement mu1t bo used to repl.ice tht link address of th1 first RB K. 
To do thìs you ' hould l<now the formai of BASIC pr<l9rams in memory. 

Locations 43,4-4 contdn the addrMs of the Hrst BASIC 
stattment in your program. At t hat addreu, will bt a two-Oytt 
addr11s of th• next BASIC stat1m1nt. This is the link addres1 
referred to. The tnd of the progra"' !1 s lgnHitd by a lini< addrtts of 
1,1 . lmmadiatt ly after the link addren is th1 statt,,,ent number, &11a 
in t wo-byte for l!lat. After tiiat comn tht com~ssed BASIC stlttment 
which is •ndtd by • byt o of set. 

Hero is a one- line direct-mode program for finding tho addreu 
of the stv-1 of l1l'f s t atoment in BASIC: 

1•43:YORJ• i TOl Hte:l•Pl!!S:K0>+256tPEEJ((J + J): 
ll'PilBIC< 1+2)+PBl!IC<l+3>•256<>xxxTHl!N NBXT 

Onct tht machint languago has beon loaded with Tht Loader it 
will b1 nocesury to chang• tht pointtrs at 43144 and 45 ,46 bacl< to 
what thoy wtre btfore Tho Loi.der was le&dtd. Now the Buie program 
will conti.in i t 1 l!lathine l•nguago pnsenger 1nd thoy may bo ali u ved 
togethor. 

S. cautioned that listing the progr am may coust funny 
charact ers , maybe ewn e&uu the 1crn n to go blU'i< or do other 
s k ango things. 

Thore is a serious dr&wbacl< to this system. H your progrom 
has • H9 anywh1r1 in it, BASIC will 91t confuud and modificatiOM 
and SA VE:ing the BASIC progr .., will cause tht lìtV<age pointors to be 
reut and will tend to mus up your machìne langugage program. 

One furthtr cautioo. There is anothtr value which BASIC hn 
troublr with whon within a BASIC r.t•t omont. Thr val,.. i r. 2t4 lt CC>. 
Listing a BASIC progr am with this val ue within tht progr &OI will c&UM 
• ?SY NT AX • rror when lir.ting it. Tht progr1cr11 will stili n.n ~wr. 
And you may lir.t the rrmaindtr of th• program by typìng "LIST 3t-• for 
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•u1111>l• if tht r.yntu t rror r.toppod thl listing prior to st1tH1ent 
31. Thi• might be considered • sort of protoctioo futura, u lt is 
likf'ly to confuse the QllllOSitlon i.t Just lor awhile>. 

Anothtr mean1 of including the mach!,.. language progr&m wlthin 
the BASIC progru1 is tor..., Th• Le&der, poi(jng tht 1111chint language 
into 1Hl80l'Y which you ~ to bo after th• addNIH of th• l&r.t Une of 
BASIC codt in y0<r hybrid program. Now, le&d or enter tht progrllD. 
Nrxt ch1ng1 th• r.t art-of-v&rlablas pointer• at 45,46 to po!nt to '°"'' 
piace put tht "'•chine langu&gr. This method dots not r1quire th1 
crHtion of REKs &nd the machine 1•""9•9• nevtr gots prìnted but it 
doH v-t .. vltd and l'f-le&dltd with th• BASIC proqr1111. The probltm i1 
ttiat &ny modificotlOM to th• BASIC will r.hift your machine l&nguagt 
around. This could be • problrm if you h&vr ablOlute addreHing to 
locatlonr. withìn th• proQl'&m. Also, SYSr. to entry points RIUSI be thtn 
chll't(lld too. 

The '4IPfl' li11it of tht 1111inory spacr which BASIC ~liews it 
h&S avallablt for BASIC programs ls maintaintd in an addre11 pointer 
at loca11ans 55,56. At 52,53 l r. another pointer whlch BASIC usu to 
Ht th1 hlghut memory 1cddren usabl• for string 1tor&ge. BASIC 
start• r.toring str lngr. at itr. highttt av&Jlablt """'Dl'Y loc•tlon and 
workl; b&c:k down. Th• frtr rHmory av&ilabl t in a BASIC progr•• is th• 
spact b1twt.n tho hlgh 1nd of variabl• 1torag1 and th• battom of 
r.trinq 1tor•go. lt ls ponible to save m•chine langvagr program 
seg11tntr. in a spac• which will not be molHttd by BASIC prog!'llllS if 
yau lllOdlfy tht two pointer uts at 52,53 and 55.S6 r.o that thoy poìnt 
to an addren btlow th• machine language. Th1.n BASIC will not rvrn 
know of thr 0Kist1nct of that momory space and will not try to !iàv• 
anything thrre. 

Thtre ls a u rious prable• with putting tht machinr languagr 
in tht ca1Mtte buffer with th• cnset te-Oaud vrrsion of ttii1 leit. 
'l'ho L0&d1r will need to uu tht buffer to rt&d th1 load ugm1ntr.. lt 
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camot tht rt,.._. POl(ll IMChine languago into it without 1<>11ing it u 
500l'I H it rH ds An01her record . Jf you h&vt a diwttt bued systtm, 
there !1 no prd>l1111. 

In upanaion RAM biodi S lfA ... - tBJJJ) 

No protoction from BASIC nud bo impl1m1mttd whon the program 
is up hore. BASIC can't got to block S. Tht only P1'obl1m is that the 
cnntt1 v1r1ion of th1 SA VE won't work with programli in block 5. 

~ 1'111 l..oad1tr ilft't 

lolhen th1 machi,,. languagt program i1 not dulgntd t o ha ve • 
BASIC componont the progrom may dways bo loadod with The Loador anc1 
run from there . Cii- The Loader m•y bt incorporatt d into a BASIC 
program. In bath of thue casu the load madulu creattd by The 
Asnmblt r should follow on th1 umr t&i» u Tht Loador Cor the 
combination Loador/other BASIC program>. 

lf tht lo•dtd m1chin1 languago program is SA \/Ed with tht 
Loader' • bullt in SA VE fntire as dtscribed abovt it may bo silnply 
loadtd directly with • normd "LOAD". 

A fin&l note of caution. The laadtr taku some spue in 
me mory. lf tht •p1c1 you wish to la&d your machi,,. l•nguagt pro9r1m 
into overl&P• the space consumed by The Loader, lo&ding th1 program 
will dHtroy The Lo1dtr. lf Y°'-"' Loader acb very str.inge, this is 
the prob.ible reason. The solution ls to select carefully where yau 
wi•h ta load Th1 Lo&der so it won't be ov1rwritt1n by th1 program it 
i1 loading. 

As montia....d , one way of oncuting tht program ls through the 
AUTO-SYS option of tht Loador. Ta ge t to the maclunt l•nguagt stgment 
from • BASIC progra m involvu h•ving e itht r & SYS or • USR instructìon 
in tht BASIC progr&m. Encutìng <n.nning> • m•clune l&ngU1.9e p!'ogr&m 
whìch hH no BASIC component and which hu bHn SA VEd with the SA VE 
option of tht LOADl>R •nd ~iµtntly LOADed with the normil LOAD 
commancl invoves typing • SYS or USR instruction in dlrect modt. 

Tht form&t of t he SYS st&t1m1nt is 'SYS &ddr' , whert &ddr is 
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the 1ddrtn of tht first statt mt nt in tht p!'ogr&m to bo txocuted. 
Thls will cui.e a jJrap to the Si»cifit d 1ddreH. Dab m• y be pused 
to the machine languog• program by POKKing lt lnto some momary 
locatìons wh•r1t the m&chine langu&ge p!'Ogr&m hn boen programm1d to 
find it. lt may &lso b• pused dirtctly to th• A- reg, x ..... g, Y-reg 
and p..,..g by POKEing it directly into locations 78t-783 re"P"ctivoly. 
Th• BASIC SYS comm&nd autom&tically lo&ds thew foor rtQi5ttrs with 
the v&lut• found in thu• loc&tions before paning contro! to your 
machirw language program. lt &lso returns to your BASIC p!'ogt&m with 
788- 789 containing tht v&luos of th1 •bov• reglst•rs H yoor m&chine 
lango&gt program lift them • 

Tht USR instruction fermat is "X•USRCAl' . Thls instructìon 
i• uud in piace of the SYS when you wìsh to pan • real vari&blt 
Cfla&tlng point numbrr which cont&ins a fractional componontl to the 
machlne languagt program. Th• valuo of BASIC vari&bl• "A' is Joadod 
lnto tht fla&tìng paint &ccumulator Il I (sH chapter 13 lor • full 
.xpl&n&tlonl bifore pusing contro! to th• machine l•nguagt program. 
Upon rttirning to th• BASIC program, tht vduo which th• machine 
languoge program IH ves in in tht fi AC# I will be &ssig,,.d to tht BASIC 
vari&blt 'X". The &ddrns of the ontry point of t ht m1chine l&ngU&gt 
program must br stored in loc&tiDM I and 2 prior t o r xocutìng tht USR 
instruction. For rumple, if tht entry paint of the progr&m is 76e8, 
you mLKt havt tho following BASIC s ta\rmrnt prtcttding th1 USR 
instruction: POKa2,76t 8/2S6: POKE ! ,7688-PEl!K12)•256. 

With both thr SYS and USR iMtructions, the way to return to 
the BASIC statemrnt imm•diately following th1 SYS or USR is by the RTS 
lnstruction in the mochirw l&nguag1 program. 
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TM• Tools - III 

n. Monitor - Tht Monitor providts th• c&pilbillty of l'tn'ling • machine 
lilnguagt program ont ìMtrucl tion at a timt. As uch in.truction is 
txecuttd, tht interni.I registors of thf VIC's 6582 microprocessor ll'I 

displ•ytd, includlng tho individuai bits of the st&tus registtr. Tht 
instruction to bt execut.d is also di5J)l&yed, both in madline l•nguage 
and in •Htmbly language. The capability is provided to bypau the 
oxecution of any !nstruction 1nd to display and mod!fy ifly memory 
location whll• in the proc1u of running tht program. The mtnu of 
choicn is di1pl•yed at 1v1ry step of th• e•ecution. 

l'or tht purpos. of demonstr•ting th• futl.f'ts of Tht Monitor, 
you should h• vt loadtd into memory th• program cruttd, us.mbled, 
lo•dtd • nd run In tht provious chapttrs. If Th• LOldtr ~t IOldtd 
tht m•chine language progrom "TSST-l" 1verything should bt rudy to 
go. 01ht rw!M you will nttd to go b&cll ilnd IOld it •gdn with th1 
ins tructions In tht pntvious chopttr. 

liM with The lOlder, if you a.re using • VIC with 8k or ltss 
it will be ntc1nory to modify t~e TOP-OF-STRINGS &nd TOP-OF-BASIC 
pointers &t 51,52 and ~S.S6 beioNt la&ding Tht Monitor. ~. the 
pr•vious ch&pter far inform•tion. If the pointtrs h•ve not bttn 
restOl'td sinct the previous modification of these pointtrs H will not 
be necessuy to do it •g•in. By the same tok1n1 subHquent programs 
which aro loadtd without resetting th••• pointtrs may find themstlves 
"OUT-OF- MEHORY" boc•use of the chi119t. 

loading Tht Monitor is by tht same procus n with ali programs 
in th• Kit. Tht name of th1 program on the distribution modi• is 
"MONITOR'. lt may somttimes bt neceu&ry to load Tht Monitor into somt 
part of memory oth1r than where BASIC programs normally load. lf the 
progra,. you wish to monitor is in th• nDl'mal BASIC sp•t• you m•y want 
to lo• d i t into somr oth1r spac• a.s per instructions in A111»md1x F. 

For tl11 P'-"fl05t of this tutori•!, Th• Monitor may br la&drd in 
thr uw&J sp•c• 1o11thout modifying the pointors. Onco lt is lo•dod, 
kry "RUN• . Thr mrnu should now appou. 

"S" ls th1 menu option to (Slet the •ddress of th• noxt 
instruction to bo exrcutrd. lt will bo follC>'oNed by the • ADR" prompt, 
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ul<ing for tht st.rting •ddreu. Villid replys are dtcim&l numbrrs in 
tht r &ng• of 1-65535 &nd hendedmal numti.rs in tht rango of HMt
HF FF. 

"H" causes Thr Monitor to enter tht IH>111ory di'!'l&y/ modlfy modr. 
This i s I.Isa follow•d by th• "ADR" prompt, req.iHting tht st&rting 
addrtss of v1iwinr;i/modifying. 

"B" will c&u5t the instruction &bout te be rKtcutrd to be 
!Blypantd. Rathtr thill txecut1 the di'!ll&ytd ins1ruction, tht 
iMtruction following th• di"13layrd ont will be displayed. 

Hittinv CRl with no m•nu Hltction will cauu th1 current 
instruction to be executrd &nd th• Mxt instructlon In tht progr•m 
flow to bo displ&yed. 

Koy a •s• to cau5t singlr stepping ilnd &Mwtr th1 "ADR" prompt 
with 76t8, thr addrns of the tntry point of th• progr&m. The first 
instructlon of our progr•m should now appoar on the scrt1n. 

M 1&d\ instruction is &bout to bo 1ucut1d, it is dispi.t.y..i 
in both machint languagr &nd in uwmbly l&ngUlgt. The status 
registor is brd!an into its indivic!OO bits (N • negative, V • 
owrflow, B • breilk modo, D • Decim&! mode, Z • Z.ro, I = intorrupts 
inhibit1d, C = c..-ryl. The othtr N!gisters di'!lllytd ll'I tht A-reg, 
tht X-r1g , tht Y-N!g, and th• Stilck Pointer ISP). Upon .. ecution of 
each instruction, th• registers .,.. loadtd f<-om thne uve •rtH in 
mtmory: 

X - 25 I Y - 252 A - 253 P - 254 

lf you wish to modify or pr•-initializo .ny of th1 registers 
at any timo you m•y do so by entering t/11 Homory-Hodify mod• and 
modifying tht •bove locations. 

A "softwaro' stadi is substituted for th1 hardw&rt st1cl< in 
pago I. lts m .. imum drpth is pro-set ilt 2t bytn. l.'hilt this wiJJ 
bt suffici1nt lor tht vast majority of your tuting, you may ircre•w 
it if rwcusary by wtting thr new m .. imum dtpth in thr SD variablt in 
statem1nt I. H, ..nilt singl-tepping through somt pt<l9t'•m, you 
sllould txtcut.1 • RTS cr PlA cr PLP wìthout ftrst h• viflo pushtd 
somthing onta thr stack wìth • JSR or PHA or PHP, a st•ck '-'ldtrllow 
will OCCl.f'. A TXS instruction Htting th1 SP to some out-of-rang1 
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vol.,. will also e•~• •t&tk Lnderflow. Overflows oro t • uHd by 
ropotit ivt PHA's PHP's or JSR's without c~spond!ng PLA's PLP'S or 
RTS's unti! tlio in&ximum stadi depth h•s bern oxcudod, In tlit evont 
Di Lndtrfloo.n •nd ovr rflows, a "STK ERR" mn .. gt will bt displ•yod. 
Extcution m&y continuo if desired but results lrt lil<ely to bo 
unoxpocted if your monitored program is r xpotti ng to find some 
s19nificant infarm•tion In the stael< nil<e a return •ddrtssl. 

Ctrtlin machino languagt programs are writttn to modìfy tht 
Stadi dirtctly by storing data in th• high end of p•ge 1. Executing 
those instructioni; with Tht Monitor will not uuu tht dtsirtd stock 
modific•tion 1H1ct. In fact, it is quite likely that Tht Monitor 
will utu•llY trHh upon the oxetutio."l of wch in .. tructions. Sinco 
The Monitor is writttn partidly in BASIC, any instruction• which 
modify the BASIC voctors or other inform•tion vit.l to tht running of 
BASIC progr•m• may uu•• unwanted results. 

As Tht Monitor s ingle steps through a machine l• ngUlgo 
progr • m, it dled<s u di ~ode tncountertd far vd ldity. If an 
inv• lid op-codt is oncount.rd, the mes .. ge "OP-CODE • xxx• (whtre xxx 
is tlie oncountrred op-code) will appt!•r whtrt tht mnemonic would 
otherwiw •ppur. Th1 Monitor will not try to rxecute invllid op
codes. Nor will it try to execute BRK or RTI instructlOM. All Di 
thes• will bt • utom•tlcd ly bypasvd. 

If you havt creattd and loildtd the sample program and have 
lo•dtd and run Tht Monitor and have sel.cttd menu opt!on S •nd h•v• 
answered 7698 to the •ddrtss prompt, you will now su on th• ~oen 
tho uStmbly languago statomont "LDY #8' followtd by & linr wlth tht 
•ddren 7688 and tht m•chino languag• oquivalent af the o.bovt assombly 
l•ngu•g• sbt1m1nt: 16i 8. 

Fallowing th• machino langUlgt will be the display Di th• 
rogisters prlor to tht extcution of the displ&y•d lnstruction. Th•y 
will h•v• no po.rticular signHic•nc• •t this point btco.uu thty wtrt 
never initiallttd. Note, howevtr, tht vli.,. of tht Y- reg boc•UM 
•fttr 1x1cutlng th1 imtruction it should dlang1. Tht Ztro fl•O• if 
it i• • ono now lhould &W> changt u • rosult of tht 1x1cution Di tht 
instrution. To Hocuto th• instruction, hit retu'n. Do th&t now. 

lf ali ls well, th• nnt im1ruction Di tht <UftlPI• progf'&m 
will bt dlspl&ytd and tht f ir11t imtruction will h&vt bttn t xtcuttd. 
You '"'Y vtrify that by cht clCing tht Y-reg. Jt should bt Di v• I._. 8 
now. Tht zero bit 9/lould bt a e btca~ tht result of laadlng tlit Y-
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reo I• "'1t 111"0. Not• tht diusu mbltd statn11nt i• not ldtnticù to 
tht HMMly languo.gt •t•teMnt - wrott. lt is t quiv&Jt nt but "'1t 
idtntiul. W. ......U tht st&tement: LDA 19•22+4 • Tht dillpl&yed 
sto.telltnt shauld ti.: LDA #2t2. This dlscrepancy oc"" t..cauu "l'M 
Monitor C&n't tell whd - into Tht AHtmblt r, only wh&t C&Rlf out 
and it doH tht bHt lt can in recanstructlng & valld uu•bly 
langu•v• st&ttnotnt fron1 the madliM language lt hH to war11 with. lt 
gener&tH ali oper&nd fitld vll.,.• n a sill!)lt dtdmal v&ll.9, Whon 
thl• instructlon I• 1xocut1d"" 9/lauld n• tht A-re9'• v&ll.9 refltct 
th• LDA operation. Noto &!so th•t th1 nu•btr 2t2 ls greater than 127 
and, H such, th1 high-ordtr bit is on, ConH~ntly, tht Negative 
fl•g lhould bt tLrntd on by tht txtcution of thls lnstruction. Hit 
CRl and Mo. 

Tht ... t instruction whidl is now ~ far 1x1cution will 1toro 
th• A-reg in loc&tion t. None of tlie status flags .,.. &ffecttd by 
tlils instructlon so wt lhould ••no changt when wt 1xocut1 it. Do 
lt. 

Thls would be• goad tilllf to look at th• Mt......, Dbplay/ Modify 
•ode. Rathtr than hit CRl d tliis ti10., IQry "M CRl'. You art now in 
tht M-8ode . 

Upon tnttring M1 mory •od•, tht •ddreH whtre you l• ft oif in 
singl1-st1pping will bt uv&d and the ' ADR' prompt will bt displ1yod. 
You may enter tht first &ddress you wish to examlne or modify. Th• 
&ddrtH m&y bt in tht rangt t -65535 or HiH-tFFFF. Tht val.,. of the 
data stared at tht requntod &ddren will bt dlspl1y1d and tht prompt 
"VAL?" wlll appear. You may do ont of thrH things. You may .Xìt th1 
Mtmory modt by koying "X". You may modify tht displ&ytd loc&tion by 
keying & val.,. in tlit rang• t-255 or H8- SFF. You may continu. 
viewing tht next M~ntial 1M111ory locations by hittng CRJ. 

To look at loc&tion •• key .... CRl". Th• •ddrtH <•> will bt 
d!spl&ytd followtd by tht contents Di tht sptdfitd loc• tion, In this 
e&M lt lhould bt 212 bl!CIUM that is the v&I... wt ~t stor.d ttioro. 

ll'ollowing tht in4orm&tion lint will bt tht quntion "VAL?" . 

You • &y now ch&ngt UH! contt nts of locatlon t lf you wi9/I by 
ktying somt new v• l._.. The next loc•tion will now bt displ&ytd, 
memory location I. Note its contenb and modify thtm 1f you willl , 



lnalde n.. VJC PageH 

To )Jst llCU1 through momory, simply cantinw to hlt [Rl n ch 
timi • val,. 11 displayod. ""'• n you wi•h to .-.ti.rn to th• main menu, 
My •r fa- 1xit. Onco this hu bH n done, tht SKB mrnu snould 
··~ar. 

~f you m~i.fitd location e you should now re- enter K- mode by 
tntering tht . K option, and addrus e aglin. -.,,, n tht vdutt you 
stuck In e 1s d11pl•yed, ch•ng• it back to 282, hit CRJ, and wnon 
loc•tion I ls displayed, hit "X" to get out again. 

Now to return to the program Vlfl Vlflrt singl1- 1t1pping through, 
• imply hit CRJ. We could h•v• stai-ted singlo-st1pping at any Jocation 
Vlfl want1d to by ontering option 'S" and th• now addrus where "" 
want•d to go to. 

Th• noxt instruction in tn. program is now displayod. Jt is a 
LOA instruction. Noto the registors s tili havo the umo contont• u 
brfor:• the H- modr rxcursion. Tht A-reg will now bt loadod from 
locat1on 648. Location 648 contains the aperating s ystem's 
~nfa-mation about which pago of ni.mory tht TV SCtet n's dat• is upt 
in. Wllt.n putting data into tht 'KM!tn' s mtmory space , it wilJ 
au1om•t1cally a1>1»•r an tho screen of yOU' TV. Hor. about this in 
lattr chapttNI. 

This program i• settinq up a wctor in locatiOM t and l of 
zoro page to addren the 4th column of the 9th lint of tht Krten. A 
loop in tht progr&m will nquentially move ch1ract1rs lrom a data •re• 
in tht program <HSG> to tho screen memory wh1r1 they wlll appeor on 
the TV. 

Hit CRJ •.nd su the next instruction which i• • Store ol tht 
A- N!g to locatlon I. Hit CRJ ag&in. The next instructlon is the 
btgiming of a loop. Jt lo.&ds tho A-rog with tht charactor al • ddress 
7599 plu. tllt contents ol the Y-rog. The Y'"f'tg should stili havo the 
vdutt of 8 so the addrtss whtre d•t• is b1ing picktd up lrom is 7599 + 
8 or 76t 7. Go into M-IOOd1 and ... e what i1 thtre. Jt should bt tho 
ASCII val,. of thr ltttlJ' s, or 83. This is tht Jast character in MSG 
in the originai uumbly languogt program. 

Go bacie to thl program now by diting and re~ing lo tho 
menu ""th a CRJ. Tht instructian will be t x1cut1d. The A-reg W.ould 
havt the valut 83 &nel tilt ANO instructian is up now. lb f\.nction is 
to convert the th•r•ct~r in tht A-reg lrom ASCII to VJC str9rn for10&t. 
Thr screen l orm• t for the letters A-Z havt tht 6-blt off whll• the 

-
.. lnmlden..VJC ..... H 

• .. 
.. 
lii 

• 
• • 
• 

ASCII cllara cters han it an. The ANO al the A-...9 with tN Mx val,. 
•BF wlll aCCDlljllUll that. S.• Appendile O of Th• Progra'"~ Rtl•r*'"'" 
Guide lor IOOte infortna tian. 

lh•C\IU tN insttuctian and notict what h&ppeM lo tht A'"f'fg . 
lt now hu the v&l,. of 19. The 6-bit has a bit val,. of 64 and 
t\rn!ng it off lll<luld reduce tht vdue of thl A...-.g by 64. Wllith it 
dld. Ttwr rwxt lnstruction to bt utcuttd will stort this v&l,. at thl 
loca tian co111puttd lrom the sum of tht conttnt• of th• Y ...-.g and tht 
addrtH vector in locatìOM t and I. li you t&~ tht v&l,. stor.d at 
loc•tlon I (whlch is th• pagt • of 1cr1tn mtmory> and multlply lt by 
256 and •dd the vllue stor.d in location t f2t2 or h22+4), you will 
get tht but addross to whith the Y...-.g is added. Ali vt ctors work 
tht Ulll• way: add tht conttnts of th• first byt1 ol tht vector to 256 
tlmH the stcand byt. to gtt tht addroH being reltrenced. 

Altor txtcuting this instruction with The Monitor, it may 
actu&lly bt dlfflcult to find the vllut whtrt tht prog!'U llst put it. 
This i• ti.cause th• IKJ'tlft MllJOl'"f is 11odified by rvtry progr1.m wltlch 
wrìtes anything an tht sa u n. Tht Monitor writn q.àtt a bitto th• 
!IO"ffn, !IO tht SCJ'ffn memory is alttted &bout as fnt 11 .,._.. little 
program can put somthing thoro. This i1 one of th• ~te lacts 
of !Ife in d• bugging programs. li Vlfl IChow in advanct t o Hpect this 
l<lnd al problt m wt m1.y not tnd up q.àtt !IO canfused wlten it happens. 

Eucute tn. rw•t instruction, the Dl!Y. Tht Y-f'lg W.ould now 
havt tht value of 7. Wllat is the conttnts of the I-flag? It lhould 
be zero becauw thr Dl!Y did not c•uw a result of zero. th1cut1 the 
rwxt instruction. Tht BNK tHts the %-flag. l t branchts Il tht %
flag i• not a one. Jt is not, so the br•nch should ta!W piace . 
Bifore eucuting the BNE, check the addross of the machine languog• 
instruction. Now rx.cutt the BNB. Tht "'"' addron ol tht machino 
language lnstruction is lus. In fact, the new instruction rudy to 
bt • • •cuttd is tht LDA backup at the IDI' of tht loop. Tht br&ncll wn 
t&t<.n. 

l t would bt !jood now to step through th• loop q.àckly, 
watching tht Y...-.g gtt smdler and sm&lltr u ch tlmt through. Wllen it 
gets to one, watch what happ.ns • t tht Dl!Y. Tht z.ro..11ag should go 
lro"' t t o I wht n tht Y ...-.g goes lrom I to t . Th• BNB thtn should not 
tat<. tn. branch. rn. •dclress of tht ins tructian up &fter tht BN E 
should be t...o gruter than the &ddress of tht BME ltwlf. At this 
ti.,., &li elght bytH of NSG will hav• betn copled lnto screen """'ory 
(only lo be obliterdod by Tht Monitor>. 
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Whrn this progr1cm was ruri by thr Lo.ider, tht m•chint lmvw.g• 
proqrom h•d contro! for the t ntiN time the ch• r•cttrs ,...,.. bt ing 
copiod to th1 scrun. Tht Lo&der did no krtller screen •ctlvlty so you 
... re •bit to •H tht m appor m your scrrtn then &nd not now. 

Thr l••t ln5trudion in tho program is the RTS. This ls th1 
way • progr•m tnttred by a BASIC SYS return5 to BASIC, lf 1ncuttd 
now, it wlll try to return through • stacK which dar• not hav1 1.ny 
return &ddress to return through. The Monitor warns you thai thi• hu 
happened. Try execu11ng it a.nd see. 

The Monitor is • very powerful tool for both debugging 1nd for 
Jea.rning how the instruchon set worKs. You con uso it to singlt-step 
.ny machine J1ngu1ge program including the BASIC operlting systrm. 

lnatde Tht VlC ....,,_, 
TI-te Taala - I V 

Tlw DK S : Tht cpp<Kite of The AHembler, The DKoder tu-ns mo.chinll 
l•ngu.gt b•dC Inta unmbly la.ngUlgt. Tht form1t of tht usrmbly 
llfl9Ul9t progrom is idrnticti to thot which Tht Assemblrr lt1d ~ 
Bditor acc1pt •·"input. Tht DKodtr proclucH tht progr111 Usting to 
the scrun, optiON.lly to the printor ond1 alsa optlonùly, to t itht r 
tht cautto or the disic.tto dlptnding on th• version of tht 
Dtvtlopmont Kit you havtt. 

Tht Decodtr producu ali addrns 1nd operond firlds in 
dtdmol. lt don not produce l&bels. The procJrai. cruted by ~ 
DtcC>Mr will reumbl1 tht originai Humbly l1ngu191 Pf'091'•m which 
crt1ted tht 111achlnt llllgUIQ• but lt will not be ldenttcol. Thls is 
dut in piri to the lad< of lobel generotion. lt i• olso dut to tht 
greot floxibìlity 1vail1ble to the ossembly longuage progrommrr in 
sptcifylng 1cldrtss t xprnsiDM. Th• Dtcod1r t&.n't ~ what the 
origln&..l 1xprenion wH. lt only son the end result, which is an 
•ddrtn or immtdidr data value in bina.ry. lt conv.rb a.li IUCh 
infor1111tion to & si111ple ded11ol vdue. 

Tht Dtcodrr is 101.dld ond ...., in tht ~me m&.nntr u thr othtr 
tools. Tht na.111 of th9 progru1 on the m•gnetic fltdi& i' DBCODER. The 
O.cader, ~ Tht Monitor a.nd ~ LOldtr moy bt loa.dtd into a.ny 
&vlil1blt RAM. The first pro'"pt you rtc1ive wht n you run Th• 
DtcC>Mr is "HAX'?". This prompt is Hl<ing for tht maximum sogment 
sia you might wl!lh ~create for eventu&l input to Tht Bditor or The 
Auembler. !f you hovt no intention of usil"IQ The Decodrr for thi5 
purpo111, you may hit CRJ. lf you do cre•t• a uoment on cHsete or 
di•W.ttt to be anembled 1nd/or modifird by Tht lldUor 1nd Tht 
AsHmblrr, rtspond with tht ma.ximum numbtr of usembly language 
sta.t1m1nts you wlsh to •utomltically a·e&tt wlth Tht 0.codrr. lf you 
•t ltct th• optim to cru te an outp.rt file, tht progr&m w!ll 
1utoma.tic11ly stop drcoding upon N•thing the entertd muimum valut. 

Thr n11x t prompt, • PRINTOUT?", 111..w. you tht option of 
cruting printrd outp.rt. lf you rtply wlth • 'Y' you will 
1uto11•ticllly receive 1 print.cl listing of tht dttoded proCJl'l m on yCU' 
VIC-1515 printor !or 1quiv&l1ntl. Any other rtsponu including .iJst 
CRJ will supprtH printing. 

Nrxt, you are ul<ed if you wa.nt to crt•te a.n outp.rt fil r . lf 
you &mwtr "Y' it wil1 c&.l.IH a copy of tht dtcodtd ASHMbly te• t to be 
&utomoticllly SA VEd to disic.ttr or cosette in the sptci&l forfl i t 
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re~red by Th• Anembl•r llld Tho B!ditor. Any othtr re~ will 
~u SA \llUno. 1f you do so ctioos., you wlll be pro"'pt~ for tt.e 
" NAMB!?" o4 tht Hg10tnt to bt uved. You m&y respand with tht USU&J 
l t gil filo n•mn or, in the case o4 cusettt, no mmt. In tht ca .. o4 
tht di§kttte, !f you "-Y • n•"'• drudy in e•isttnct on the dislee1to1 

Tht Dtcodtr will rtplact the old vtrsion with th• ntw. 
You must trii Tht Dtcodtr whtre to btg.in dtcoding by answtring 

tho "START ADDR?" pt'Ompt with either & dtcim&l numbtr in th• rang1 of 
8-6:1:13' or• hu numbtr in th1 rang1 setee - tFF'FF. 
lf you rH110nd by hitting tRl without any entored v•lut, The O.codtr 
wm bogin d1codlng •t th• •ddrtss where it left off. 1f th11 i• tho 
first decoding 1ince you lo•d•d th1 progra.,, hitting j.Jst [Rl will 
cause ìt to start at address e. 

You mu1t teli The D.coder where to cease dtcoding by your 
rt!sponse to "llND ADDR?". Your ""'°"" m•y tithtr bo &n &ddress or• 
sptcific op-code, Jf you -cify &n &ddress, i t must be in th• rang1 
ol t-65595 or ltHt-t FFFF. Il you Sj)ecily an op-codi you must precnd 
the op-code with an •• •. Tht op-cocle m&y be Sj)ecifitd in tither 
dtcim•l or hu 1•t• ptttndlng the op-code • nd •Iter th1 •11•1. 
Specifying an op-codi will c&ust The llKador to chtd< uch op-code n 
it dtcodH tht 10achine l&ngU&ge and to stop decoding &Iter the fint 
OCW"ranct of tht -cifitd op-codi. Hitting si .. ply CRJ will C&USI 

tht most recently 1nt1red response Ceither op-codi or addreul to thi1 
prompt to rema.In tht actlv• stopping sigmi. In other words, if you 
dtcodt soveral MA>routinH you only h•ve to give ttie H6t relljl()OH 
onet th fint timi, hitting CRJ tht following timn. 

The flr1t 1t&t1m1nt output will always be an llQU statement 
which will have u ltl oper•nd tht dtcimal value of tilt Start Address. 
Bach st&temrnt, as lt is gener&ted, will display tht d1clmal valut of 
thit • ddrHs •t which th• decod1td instnxtion r1tSldn In memory. The 
&ddress will be followod by tht mnemonlc <•uch u JSR or BNlll, 
followed by th• operand field. 1f • n invalld op~• is encountotred 
by Th• 0.Coder whitre it is expecting to find an a v&lid 65t2 OP'""<od• , 
• BYT inltructlon wlll be generated h&ving ttie deci11&1 valut of the 
encountt red byte as its opitr&nd. 

The operand fieJd will indic•U tho &ddl'Hllng lllOde with ttie 
following conventions: •1• ... tne first ch&r&cttr of ttie field 
indicates l mmltdlat1 lllodt . • ... will preceltd th• opor&nd field of 
Hro Pl9S &ddressing &nd ZP .x &nd ZP. V. AddnSIH tnclOHd In 1 •• J 
&re duign&ted indirect addreuing .,od.,.. The suffi>cH of ,x &nd ,V 
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i11PIY lndextd by r.g-X &nd reg-Y r.sptctivtly, Ali address valuti are 
.. presud in dtc.lm&l. 

After tht Dtc~r r.&chlts the dtsign.ted end of tht H gment , 
wh•th•r by hitting tht MAX vduo in tht cau of 1 SAVI!, or by re&.ching 
tht hlgh addrns or by encounttring th• spocHied •tOA>ing op-code, 
Tht 0.Codtr will rettrn to the P"""'lrl for "PRINTOUT?". You m&y now 
decode another .. ctlon of Nmory, solocting •new the optlons 
IPRINTOUT, SA\IE, START ADR, END ADRl 

0.codlng cartridgu is not a problr m Lnlros tht cartridg• ls 
an &uto-st&rt cartridge. Then it is generally necnsary to h1v1 a 
hardware anist. Hany expansion chusi~ comt with • Ht of switchu 
whlch emblt .. nd diuble th• various slots on tht cartridge. With 
thls IHture, the &ufo-start c&rtridgt m•y b1 tfftctlvtly drcoded. Jt 
I• necess&ry to havt tht cartridge in a switchablo slot of th• 
txpan1.ion chusis witti the slot diubltd whrn th1 power-on or resot 
process occu-s. Once that has happened, th1 slot must bt tnobled by 
tl\rowing th• switch. Now thr cartridgt is in the addressablt IP&Ct 
and you •till h•ve contro! of tht machw. L<ud Th• Decoder &nd 
spedfy •ddreu SAttt u tho st .. rting &ddrns &nd dtcod• •w•y. 

To dtcodr c&Ssett1 or disk.tto based programs whlch 1t&rt upon 
loading, it ls ntCHMl"f to h&vr & rnet button. Most good 1xpan1ion 
chusis also h1v1 one of these. Load th• pr<JCJram, hit th• r.set, load 
Tht Dtcoder into somr spact not ustd by tht &uto-1.tart program, and 
decode. Tht reset ftn:tion will destroy & ftw bytu of d&t& at the 
START-OF-BASIC. lf you have an oxpansion chassis and s.ome oxpansion 
RAH, it is posslble to changt tht START-OF-BASIC by switching tht 
••pan1lon RAM • ithor on or o4f. Wìth rxp&nslon, the atort addr.ss. lor 
BASIC is ~689. With no oxpililSion, tht addrtn is 4t97. 

Tht Dtcodor is 1 powtrful luming tool. Wlth it you may see 
how other 1o11tll written progr&ms do what thry do. Th• coding 
tt.chniques of ~thtrs can btcome incor1)0!'•t•d In your own b•g of 
tr~d<I. Th1y will P"Ovidt you • valU&bl• baso for building your 
sleills invtntory. lt can bt particulll'ly htlpful to eumw tM 
oper•ting sy1t1m to more lully inlorstand how th• \IJC wu dnigned and 
how its intimai futuro are utiliud by th• 1y1.ttms progruuners who 
wrote BASIC. 
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Sp• ci41c&1:ions +or A • ••mbly L a ngu& g e 

Label• 

n.. lab1l fi1ld, if us.d, is th• first field of th1 HHmbly 
sb.tement. lt i• not a rtq<Jil'ed field. lf uwd, it must start with a 
letter <A-Z> and m•y be of •ny length. The singl1 ch•ractor •A" 
should net br us1d, as it will be confuud with the •A" ol tht 
Accumula tor addressing modt wh1n 1ppuring in an Dperlnd flrld. Oth1r 
chuacters whlch should be •voided art the sevtn •lgebrilc operators 
•nd th• quoti<">. l1b1Js of mort than four ch•ractors wiU couse tht 
o.ssembly Hsting to bt som•wh•t Jess nHt •J>pe&ring but WOl'k j,st 
fino. Tht longer your Jabtls .ire, how1v1r, the lrss stattmonts th•t 
con fit into • ugm•nt. 

St&ndud -ll<rlk• 
Thr mrwmonic 11 tht EnglislHike codt which geti tr.tn1lated by 

Tht Assembor into th• machine language op-codt. A discussion of the 
mnomonics is fOl.nd in chaptor 5. Su appendi• A for a compl1t1 list of 
ali valid m"'monics and their logal addressing mod05, 

The A .. embltr comn tquipptd with two !Sj)ecial mntmonics, EQU 
and BYT. Th1u do not generate procesSOt'-eucutablt lnstructions u 
do tht stondard mnemonics. The BYT pHudo·OfJ is covtrtd in the "''t 
p.ragr1ph. Tht &:QU mnemonic is an instruction to Tht Assembltr rathor 
than an lnstruction to th• machine. lt hu two functions. Tht first 
is to stt the location countor. This is a function sometimts lrft to 
a sep.rat• pstudo-op such as ORG in othor usombl1rs. Th1 stcond 
fu1ction i" to equatt a label with an address. Th1 fermat ol tht BQU 
instruction is: 

LABBL EQU 1ddr-txpression 

Th1 Jabrl fltld is optional. There is ont 1xc1ption to th1 

girwra.I rults for addrtss txprtulons lor thr EQU lnstruction. The 
expression m1y not rtffftnct libels which do not precede tht ~QU 
instructlon in th• segment. This is true only for tht BQU instruction 
lnd is th1 only llmitation on ii. Any P<'09ram rt·flrtncu to the label 
on tht BQU instruction will rtfer to the addrHs txprtH•d in th• 
oporand fl1ld. 

Tht lu.t BQU in a set of SOU'Ct .. g.,.nt.s gtneratn load 
s1gm1nt code which Th• Loadtr interprets as thr ontry addrtss of the 
program. Thr Lo•d•r will asi< if you wish to AUTO-SYS? at the tnd of 
101ding load segm•nts. lf you answtr "V", it will SYS to the &ddren 
txprt5Hd in this EQU. 

n.. BYT psoudo op 

Th1 BYT instruction, Lnl~ the EQU instruction, don cause 
machw langu.91 codo to be generattd by Tht Ass1mbler. lt is not 
grnerally ustd to 9•"'rat1 executable codr li!W tht standard 
mnemonics. Its fuiction is to previde a means of cauS1ng dda to be 
stortd in memory. The data g•rwrated by the BYT instruction may be 
speàfitd in severi.I ways. Dtpending on the f irst charact1r of the 
operand flrld, the BYT instruction may sptdfy h•• • d1cimll s trings or 
ASCII 1trlngs or address constonts or singlr byte valuu of hex, 
dedmd or ASCII. 

lf the lirst choracter of the op1rand fitld is "I" then • hex 
string will bt generated. Ali chuacters followlng the •r should be 
hex digits, 8-9 A-F. There may be any number of 1uch digits. Tho 
Ass1mbltr will croate one byte of data for each pair of digits. lf 
there art an odd numb•r of digits, The Antmbltr will apc»nd • •t • on 
the lift of the string. 

lf tht fJr.st charactor of the operlnd fit ld is • • ' •, •li 
following ch.r•cters will be translated to th1 Commodoro ASCII valUO! 
of tht charact1rs. Each t •x t charocter in thr oporand will gerwl'ate 
ont byte of data . Ali the characters which may b1 1nt1rtd from the 
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~ybo&rd with the exception of th• quote ( • > are lega!. Tht BYT . 
liter&l !nstruction is the only iMtruction which camot havt a 
commtnt field. Commonts would be interpreted as part of tht litoral 
text. 

Data constam 

A "M0 in the first position of tht oper.ind fitld causes tht 
oxpression whicn follows to bo evaluatod by the rules of &ddrns 
1xp1<1ss!on ova.luation. Tht s lnglr bytt which is ge~ratod is tht low
Of'dt r byte of tht resultant two-byte • v•lu•tion. 

lf the lirst charact.r of the operand does not meet any of 
the 1bove criteria then th• optrand 1s evaluated as an address 
exprtu!on .. defined later. Th• two bytes of data which .re 
gtntrated are in the 6S&2 addrns form•t, w!th the low-order bytt 
prt ctding the high-oroer byte. lt should be noted that a BYT 
ins tr<JCtion such u: 

BYT f 3CC 

will not generate an addrns constant in the low-lligh format. 
Jt i• • htM•tring •nd will g1ntratt 93 CC. To get an addrns consbnt 
it would be required to write an instruction S<JCh as: 

BYT 9+$3CC 

which would generate CC 83, n oxpoctod. 
Tht following will also goneratt the some address txpl'HSiom: 

HSGEQU$3CC 
BYT HSG 

TM cii-rand field 

Tht oporand field follows immtdiatoly after tho mntmon!c f!e ld 
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a.nd ~cifin to Tht Asumbltr the &ddrtH of tht data to bt accentd 
&nd tht modo by wh!ch !t will be addrossod. Thtrt are actually 13 
dlst inct •ddrnsing modn by which tht location of data is spocifiod. 
The format of tho oporand fit ld dttormines which mode will be used 1nd 
thtrefort exactly which op-codt will bt gon.rattd and how many bytn 
of 1ddrns data will bt generated. Not all !nstructions m•y ~• tho 
""" se t of adclressing modn. Appendix A sptdfi11 the valid 
1ddrnslng modn for n ch ins truction or mnemonic. 

Ont of the 9re1t str.ngths of this assembler is tht ability to 
crute address t Xpl'tssions of gro•t comploxity !or simplicityl with 
use 1nd flexibility. Tht ttrm "•ddross expl'enion' is m11nt to 
include tho "immediate" ch1r&cter and BYT d&t.l. cC1Mt1nb H woll 1s 
&etLJ&l memory loc1tiC1M. 

Thrro are fivt difttrtnt kinds of t orms which may bt 
&lgobraicly combinod in an 1ddress oxpression. li:&cn has its own 
distinguishing fONnat to idtntify it. 

Any t orm in 1n addrns txpl'ession which bogins with 1-9 or a 
",• will bo interpretod 15 a decimai term. Dtcimal terms may bo 
lnttgers or may cont&in • decimai po!nt and a fraction1l component. 
Thtro is no pnctical uppor or lower limit to thelr magnitudo. 

Hox1decimal torms are those whidl have a •s• 15 tht f irst 
char•ctor . All following characters, up till tht n .. t oper1tor or tilt 
tnd of tho expression1 must bt 1-9, A-F. 

Uttral for•• t 

Any torm in •n address txpl'rssion which btgins with the 
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ch&r•cttr • ' • will ~ int•rprtted u • littraJ. That ls 1 th• v• l..e 
ur.igned ta th1t ttrm will be the ASCII vùue of thl tirsi cllaracter 
to the righi of the • '• • Arry charicters following tho t irsi 
ch1r1ctor following the QUOt• will be ignored. 

Any t1rm \o\lhich dot5 not st1.rt with a. • s,n. or 1 11111 or 1 11~ or 
& ".• or a number <t-9> will bt interpreted as a symbolic Jabel, Th• 
Auen1bler will warch the 1nt~ program lookìng far• match cn the 
l&btl field. lf nane is fowld, l!RR 3 will be generated. lf a match 
i• fow\d, the trrm will be aulgned the n lue of tht 1ddress 
HMXlated with the l&bel. Labels m1y be of any llngth. 

Lac&tian C1M1Ur 

Tht loc1tian count1r ir. Th• Ass•mblor's equivalrnt of the 
program counter. Tht location ccunter hos the value of th• C\Jl'rent 
&ddren usignrd to the first byte of an instru:ticn. lt ls the 
address at which the instructlcn will reside once Th• loader POKBS the 
load segment into memory. Thl• usrntbler uws tht "i" ayllllol to 
slgnlfy the location eot.ntwr. Most other oswmblers UM th• • 1• 

symbol far this ftrction. HDW9v•r, the ... is inttrpreted by The 
AHembltr u a multiplication operator. The ' i" symbol w1ms a 
l091cal choice, being tho "•t" slgn and aignifying whert we are '&t' 
in m•mory. Any t•rm which has "lì" H its first ch&racter will how tht 
val,,. of th• loc.tion countor. Any following ch&racterr. wlthln the 
term, r.hould they 1xist, wUlbt lonored. 

Th• various terms of th• 10drn• oxprenion may b• comblned 
alg•braicly by the following opera torr.: + - • I A & l!. • A• th• 
tvoluaticn proceeds from loft to righi, t1ch ter11 is 10d1d to, 
SU.tracttd from, multiplied by, 1tc. tht result of th• 1valuation of 
thot portion of tti. expression to th• l•ft of th• operator, glving & 
09W tUN'ent evaluation. Tht fracticnal portion of th• r111ult of any 
operation will be carriod info th1 09XI operation. Th• flnal 
•valuatton of the exprnsion will t1V1Cat1 any tractional co111PC119nts 
&nd wlll ccnvl'rt negatiw numbtrs into sixteen bit two's cOftlpl•••nt 

• .. 
.. 
.. 
.. 
• 
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vali••· 

Acldltlan • +. 

Tht arldition operator cau&H the term immtdi&t•ly fallowing 
th• •+• to be addtd to the rnult of tht ev&luation of th• portion af 
tht txprtnion ta th• l•ft of th• •••. 

M'tractian • - • 

The 50.i>traction oper ator c&UMs the teNll to th9 righi of the 
11inus s lgn to be subtr&cttd froia thl' e•pres~ to th• lift of the 
tnirus. 

Multipllutian • • • 

The multipllcatlan op9rator causes tl>e exprtssion to th• ltft 
ot th• • • " ta be multipli•d by the t1rm to th right of tht • • • • 

Dlvitdon • I • 

The division op9r&tor c,&u&n the exprenion to tht l•ft of 
th• • I • to be divided by th• torm to the righi of th• • I • . 

l•pa•ntiation. A. 
The power operator causo th• txprtssion to the l•ft of the • 

~ • to bt raiud to th• pawer of 'tll• t•rm to th• righi of tht' A •. 

Fr&etion&I pawers may b• •mploy9d with deci,.al tl'rms. lt il therefore 
oulbl• to do such things &1 t&l!a squart raots wl'tll t•prtssions such 
&•: 

Lagiul AJID • & • 

Tiit logie&! AND operator c&uws the result of tr.. •valuation 
of the expression to the lift af the •r.• ta bt logically AMDed with 
the ttrm to tht rlght of th• •a.• . Th• l09ical AND operatlon camp&rn 
tho two torms of tht oper&tlon bit by bit, giving & result with a bit 
wt on In •nry bit position whtre both terms have a bit on. lts main 
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use is to force bit. off in cert&ln dulrtd bit positiOM, whilt 
reUining tilt status quo in d i other positiOM. 

Both th• ANO ond tht OR instructlon ha ve & restriction on tn. 
rang• of th• valut of both th1 txprnsion to th• 11ft of the operator 
and th1 term to th1 right of tht op1rator. lf either is gruter th&n 
32767. Th1 Assembltr will st"!' with an ILLRGAL QUANTITY 8RROR. This 
mu ns that th• r&ng• of address txprenlons which may be op1rated upon 
by thue operator1 musi be lns th&n $8888. This rHtriction occurs 
b1eain11 of tht way the AND and OR op1rations ore h1ndled by the VIC. 
lt is ponibl1 to portiilly dtfut this restriction. By ~cHyinQ an 
rxprenion such as: 

X-65536&Y 

tht v&Jut of X may bt in the range of 32768 to 65536 ($88 .. - HFH>. 
y musi etili b• in tht range of e to 32767. This rHults in ANDing 
tht full 16 bit v1luts of X and Y. lf both X and Y are grut1r thon 
32767, thtrl is no provislon far 51JCCISSfully ANDing or ORing th• two 
v&luH n an addrrss expronlon. R•mtmbtr that X& Y • YlX 1nd n Y = 
Y'>l.X. 

l.agil:&l OR • '>I. • 

The logica I OR operator causo the rnult of tht evalu•tion of 
the 1Mprtssion to the left of the "'>I." to be logict.lly OR'td wlth th• 
t•rm t o tht right of th1 "Y." • The logie&) OR op1ration compare• tht 
two terms of th• op1ration bit by bit, giving a rnult with a bit set 
on in every bit J>O•ltion wh•r• either term hn 1 bit on. lts main use 
is to forte a bit on in certain dnirrd bit posìtions, wliile retaining 
the st.tus ciuo in 111 other positions. See the prtvious section for • 
dn criptìon of limltàtions upon the use of this instr\Jction. 

As hH bHn lndkdtd In provilll.K uctions, uver&l terms 11ay 
b1 comblned into an algebraic expression, tilt 1v1ntual tvaluation of 
which will rnult In th• address specHication. Thtrr art 11veral 
featurH of the ev&luation &lgorithm which must be undtrstood for 
prop1r uu of th• algebroic capabillty. Hrst, th1 ordir of 
ev&luation is not liM BASIC. H1r1, th• Hprtssion is ev&lu1ted from 

llWide TM VIC Pav-tH 

lift to right, regardlen of what op1ratlln ~.,.in ttle upression. 
For examplto the txprnsion: 

LAll+GH%SC/!J 

would bi evaluattd In thl following way: Tht addres• of LA would be 
AND'•d with th1 nlue I. Tht rnult would be &dd•d to th1 addrns of 
OH. That ruult would bt OR'1d with HC. Ttle result of that 
op1ration would be divided by tht addrus of IJ. Tht fin&l l!lossagt of 
the t xpreulon converts negati•• txpruslon nluu to a two' s 
complem•nt vdue by the addition of 65536 to tho negativo v.a.lut. By 
w&y of txample: 

-I • IFFFF, - 2 • SFFFE, - 256 • IFFtt, •nd -257 • IPEFF. 

Finally, exprenions which result in vdues groater than Sl'FFF 
!655361 are m1do modulo 65536. Far rxamplt, 65538 btcomu 2, 65539 
btcomt5 3, 1tc.~ 

F or those ..mo wlsh to use more co1npltx ecp.iations than c1n be 
handled by t xpressions which .,., evaluated strictly left to right, it 
Il pouibl1 to accommoclate them by • »erin of EGU's which thtm»elvrs 
are txpressions. Far uamplt , to repruent an equation such as: 

! B+C - (D/E)) •IF&G> 

you could write tht following codr : 

DI! EGU Dli! 
FE l!GU F'&G 
AB EGU B•C-DEHI! 

Huch more complex expressions may be rtpresented in 1 similar fashion. 

Ccmm1nts are enttrod on the stattment line by sl<ipping 1t 
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lu•t arw space "'fter th• ~rand fiold bolore lc.ying th• COftlmtnt • 
Cammrnts &re not &llowod on BYT instructions ""'id! de fU. lit•rd 
strinQs. Commtnts art USl!ful for document&tioo but do consum• momory 
and so c&uw tht numbtr of stattments ptir segmont to bo smallor • 

To ""1t• progr•ms ""'id! 1r. too long to lit in • singw 
ug111ent, thtre i • ooly on. l'Pquirement. Ali rofe.,.ncn to labùs 
which occir in some other segment must h&ve an BQU includtd in tht 
Hgmonts \olhich rei.rene• thtm. lt is thtrefore necossary to HHmblt 
tht sogment with tht Ntlrilly ocnrring 11.btl bt·fort & fin&! usembly 
of th• re~renrinQ stgments. 

Because Tht Assombl•r l<eeps tracK of tho loc&tioo counter 
bttween ugment, it i& not ntcnsary to includt 1n EQU &t the 
bt giming of uch subHquont segment to set tht loc&tion C<Ulttr. lt 
will, of coirH be necessary to srt tht location cOU1ter &t the 
beginning of the fint sogment. The default initill vilue of the 
!oc& tim counter is e. 

m B 
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Graphic• on 'the v1c-2e 

ThtH noxt chapttrs will &tttmpt to txpand upon the 
infarmat!on fooJnd in the VIC-28 f'ro9rammer's Rr~rence Guide U'RG>. 
Tho PRG should be considtrtd •n 1ndi'Sj)tnsiblt referonct tool. In it 
you will find complete dtscriptions of the v..-ious specul function 
lntegrattd circuits which mal<e tht VJC the powerful computer it is . 
Also included is informdion on th• VIC's momory organ1ution and thr 
"l<ernll" routines and how to use tht m. 

This ch1.pttr will p<'Ovide th• machine languago progr .. mmer's 
ptirspectlv• on graphics 91neration. Joy stie!< and p•ddle usagt •nd 
-.nd g.,wration will be covtred 111 thr following chaoter. TI-• IH t 
chapttr will cover some of tho interNI progroms contained in tho 
VIC's ROH and tho muns by which you cm maK• US<! of thom. 

Tht Video lnttrfaco Chip IVIC>. •fter which the VIC was namtd, 
is tho oloctronic muhino, tht inttgr.ted arcuit within the VIC 
which, among other things, causo patttl'M to be displayed on your 
vidoo screen. lt is &!so l<nown n tht 6568, or oo somo machines, th• 
6561. Th• VJC chip is conrwcttd to tho 6St2 1nd the RAH and ROH of 
tht VIC via the address, d&b and contro! busHs. lts registors art 
wired directly to the address bus &nd m•y bt writttn into and read 
from by ar1y progr•m running on tht 6582. The regist1rs occupy the 
1ddrossn S98te 136864) to S9tel' l36879l • 

You have no dOIÌlt notittd th•t uch chora.cter which is 
displaytd on your scroon is 1 composite of up to 64 dots arr1.ng1d in 
an 8 by 8 blod<. Tht inform•tion \olhich doscrlbts th• ch..-actorìstic 
dot p&tttrn of u ch ch..-acttr is stored in tht VIC's ROH. 

A certain uction of RAH is rtHrved for use by tho VIC as 
•scrrrn11 memOt'y. There is one byte o.f scrern m1mory r1s.rv1d for tvety 
character pos it1on on th• screen. Since tht"'" are 22 columns and 23 
rows thtre aro St6 bytes of screon mtmory. Whtn data i• stored into 
screen memory it gets translated into dot patttrns by tht VIC chip. 
The VJC chip inttrprets each bytt in screen memory as • codt \olhich it 
hu to translatt to find t ht propor pattern of dots to put on tht 
scretn in tho corresponding screen position. 

Tht BASIC "PRINT" s t.temtnt cauS<?s •scrun codos" to bo 
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sior•d in scrHn mtmory. Jt i• possiblt •lso to POKE scre.n codH 
into stl'9tn mtmory. K«hinf l.,>gU&ge progr•ms may stor. scretn codos 
into scrHn mtmory. A cod• stored in tho first positlon of scrotn 
mtmory 1'91)ttsenh the charactor to bo displayed ln the upptr-ltft 
corner of the scrttn. Th• 22nd position of screen m•mory contdns th• 
cod• which reprutnts th• ch•r•ctt r which gots displ•yed in tht uppotr 
right corner of tht scr•en. The S96th position of scrren m•mory 
cont&!ns th• codt for tht ch•r1tter in tht lower right corner of tho 
srretn. 

Tht VlC chip •utom•tically •nd contl!Y.Jally scans tht scr .. n 
memory, getting one SC1'9en cod• per scretn loc•tion and transl•tn th• 
screen code into an eight by t igM dot pattern which it th•n sonds to 
the video output port to bt displaytd. In 1ppendix D of the PRG thtre 
is a tlbl• of scrHn codes and tht corresponding charocters which get 
displayod. Those &rt the stand•rd char1.ctors which ire burned into 
the VJC's ROM. 

Tht screon codts •r• actu•lly &n indox into an 8 x 8 p•tt•rn 
tabi•. Scrten codH may h•ve any valuo in the rango of 9-255. Thtre 
are thorefort 256 diffoNtnt char1tters which mily bt dlsplayed on • 
VIC-29 screen 1.t any ono tim• •nd 256 entrln in tht p•ttern t.blt. 

You '"" probably •ware th•t when you hold tht Commodore •nd 
the Slllft keys down s imultaneously, the ch•r•cters which •ppear on the 
scretn art from • socond char1tter set. One characttr set contalns 
ui:>per 1nd lower case chuacters and the other contun1 upper o.se •nd 
the graphics <h•radtrs. Thtl'9 •re two srtr. of 8 x 8 potttrns stottd 
in ROK il.nel the VJC dlip c.i.n be "switched" between tht sets. In f•ct• 
the VJC chip can be switchtd bttween severa! diHer1nt t&bles of ~ x 8 
patterns , two stortd in ROM and others cruted by the programmtr ami 
stortd in RAM. 

Crrating • pattern b blt is how custom charactors •nd bit 
image g.rophics is •ccomplished. Th• pdtern t .. bles consist of 256 
sets of patterM. E•ch pattern set has tight bytts. The [< x 8 
patterns t&Ke eight bytes of dati to describe each pattern. Tht fìrst 
byte r1pr1sents th• too row of dots in the ch•r•dtr. The second bytt 
reprntnts the second from tht top and so forth. A bit tUl'Tlfd on in 
•ny of th• bytes wtll cause tht corresponding dot on the scNten to be 
illuminated. The screen dots art also c.i.lltd pixels wllich comes from 
"pitture elemtnb". 

Tht stand•rd <h•racter srt is stored in ROM sta.Ming lt 32768. 
Tnt scroen code · e• ref<!rs to the first 8-ttyte pattern, th•t of the 
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ctiar•cter • ..,. • Tht suond dlaracttr in the standard characttr ROK 
•tart• &t 32776 and is tht pottem for tht letter "A" (screen codt Il. 
e:very tight bytts, uiother p&ttern is stored. This 11ou on for 256 8-
bytt p&tttms. Tht patttrns for s<rHn codes 128-255 • re the 
•revtrst' of tht first 128 pott1rns. Th&t is, whert & bit is on in 
orw. it is off in the other. 

ScrHn memory stilrts •t either &ddress 7689 (tl8Hl if you 
havt 8k or ltH memory or &t 4896 <fitte> if you have mo.-. th&n 8K • 
Th• first byte of S<:rffn memory holds th• screen code whidl cauws the 
corl'9oponding 8 by 8 potttm to bt display1d in the first column of 
the first row of the screen. The first 22 positioM of scrttn rumory 
correopond to tht first row of tht scrttn. Tht stcond 22 characters 
corl'9spond to tht Hcond row 1nd so forth. 

lf, for 1xamplt, the SCNttn codt "I" wos found in loc•tion 
768t on an ..,.xpancled VlC, tht VJC chip, Ht to find tht 8 x 8 pottern 
tabi• •tutinQ •t 32768, would, in its conti......i sc•n of scretn 
me111ory, find the value 1, multiply it by tight to find th• 
displacement into the patttrn table. Elght plus 32768 is 32776. lt 
would start •t that addrtH building tht dot patttm to send to the 
video scretn. lt finds the following tlght bytts of d•t• stil.Ming 1t 
32776: 

addr dtc htx binary 
--------

32776 24 tl 8 88811888 
32777 36 t 24 88188188 
32778 66 t42 81888818 
32779 126 t7E 81111118 
32788 66 t42 81888818 
32781 66 t42 81888818 
32792 66 t42 81818818 
32783 8 $88 88888888 

lf you look at the abovt pattem of orws and Hros, you wlll 
be able to set th1 91\apt of the dlaracttr •A" formici by tht on.s an 
the bacl(Ql'&Olnl of aros. Ali of tht characttrs' lh•pes .,.. formed in 
tht Hmt fuhion. The characttrs you form in your fl'"OClr&m must follow 
th• ..... ru1 ... 

Tht infor1oatian to t1ll tht VJC chip ..mere to find the patttm 
Ublt ìs stored in tht registtr &t locltion •9915 136869>. The low-



lnllde'TheVIC 

ord•r four blts lor low-ordtr nybblo> contrai tll• .. 11ction of tlla 
sixtttn poulblt ch1r1cct1tr wt tlblH. Tho method of stl1tttinr,i tlla§t 
pouibl• u1tu ls a folle>W1ò: Bih 3-t, tilt low-ordor nybble, of tilt 
dAtA •tOl"ltd At 36869 deline wlùc:h &rn of mtmory is to bt ontd for tlla 
chu1ccter pàttern tibie. Th• high-ordt1' nybblo tells th• VIC chip 
wher• scrern mtmory is loc•ted. More about th•t later. Tho following 
tabi• qivos tht six tnn possiblt valun tti• ch1cr1cter-tlbl• ulltct 
bits may h•n 1nd th• memory oddresses which thty <•on• the VIC chip 
to uu for tha ch1r1cter pàtterns. Tht "x" in the firs t hAlf of th• 
byte mHM that portion of tho byt• don not 1Hact tho ••l•ctlon. 

tx8 t8888 32768 Normai Uppor Case/gr1phlc1 
lxi t8488 33792 Reuerse of 1boue 
tx2 t8888 34816 Nor~al UC/LC 
t x3 t 8C88 35848 Reuerst of about 
t x4 t9888 36964 Unauailable 
t x5 t9488 37989 Un aua i l abl t 
tx6 t 9988 38912 Unava il ablt 
s x7 t 9488 39936 Unavailable 
tx9 t8888 e Not roconnendtd 
tx9 Unava i hblt 
sxA Unavai labh 
s x8 Unouailable 
txC t1 888 4896 RAH 
txD tl488 5128 RAH 
t xE sl888 6144 RAM 
sxF tlC88 7168 RAM 

A mochlne l1nguoge routine to 1ccomplish th• swltching mìght 

SW EGU t8C LOC 4896 
SW EGLI s80 LOC 5128 
SW EOU t8E LOC 61 44 
SW EGU sBF LDC 7168 

L~ 36869 GET OLO 
ANO HF8 CLEAR LW - SAVE HJGH 
ORA I SW SEI LW NYBBLE 
STA 36869 RESET 
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Of COU'H, only one of th• SW I QlJ's would ba onod, d•~nding on 
""'ic:h &r9& of RAM you w&nttHI to UH for th• rww progr• m•Hd c:haractlH' 
.. t. Ali uus which you might use for yOU' progl'&m.,td chu1ctt1' set 
must bt onod with SCII• thought u to tho conuquoncu. Ali fOU" uus 
&r9 suit&ble but they .U fili within tht H•ory Spàct of BASIC 
prograins on the ....,.xpanded VIC and 4t96 ls whtre tht scrun memory ìs 
on th1t oxpandod VIC. To uw thtftl in conUl<tion with a BASIC program, 
ìt will bo MCHHry to modlfy ttit BASIC pointer• which idtntify tho 
start &nel end of BASIC program mtmory spaco. Thno ttc:hnìqun are 
spellod out in Appendi• F. 7168 is •n intoresting locatlon for 
char&ctor momory btcouse when it ls specifiod, tht first 128 
ch&r&cttrs àrt onor definablt but c:haractor codn i 28-255 coust tho 
VIC chip to seled tht sh.ndord \4)Per coso &nel gr&jllllcs set. Th!s con 
bo an advantage whtn yw wìsh to h•ve botti proQrammablr ch&r•cttrs ond 
tho standard char•ctors. lt con be a disadvantago lf yw are using 
tho blt-111pped graphics ttthniquos oxpl&inod bolow. 

To cruto tho iww char&cters it is n1ttenary to build a set of 
8-bytt pottt~ in the .. .,. way tht originai wt ls cOMtructed. lt 
is not MCHsuy to reserve a co11plttw 2t48 byte biodi of 111111ory for a 
comploto 256 tharactors ìf you only h•ve • few characters you wìsh to 
tvtr Mo on th• scroen. However, yw may not "" more than one wt of 
char •cttrs at • time. Once the VIC chìp's reglsttr at 3686~ ($9et5> 
has bHn wt, th• ontU-. strton will bo goMratod oning tht chuoctor 
pattern• found at the spetifìtd pàttem tabi• area. 

H• vino moro thon one scrotn ìn memory can bt a niet futuro 
for trt&ting sp1ci1l tffocts or uving display information for lottr 
uso •nd othor usu tht fortil• lm•gin&tion can dtvi"'· Rapidly 
swltchlng bttweon two scruns con crute tht offoct of h•ving a 
foregl'OU'ld and bacllgl'OU'ld. ~ttver. Tht addreH of whort 
the activt scrton is must bo stOl"ltd into addren 36869 &long wlth tht 
charactor pattern tlblt oddrtss. lt àlso hu & compontnt in addrns 
36866. Tht proc:us of wtting up llt ornat t llO"Hns is len than 
str•lghtforw&rd but it s tili is monas-lblt. 

Tht stàrting àddrtss of scroon llOlllOry hu t t1't&in 
restrictlons. lt m""t be an tvtn multiplt of 512. Thls ls anotht1' 
way of Hying th&t tht low-order byte &nd tho low-order bit of tht 
high-ordor byte of tht •ddrtss of the stàrt of 1crton mtmory m""t all 
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be t 's. firtherm0t'9, the high-ardrr thru blts of the addrHs 01ust be 
nror.. 'l'ho highest &ddrns which m&y therefore be &nigned to screen 
memal'y is tell 1118 1111 IH8 in bin.ry, or Ul!tt in hex or 7689 
ded m1I. Of the 16 bits of the &ddreH of screen mtmory, only fo1r 
bits m&y be anything other th&n e. Thne fo..- biis, blb 12- 9, &re 
th• bits which must be stored in thr V!C chip's registers to tell it 
whtre to find screen memory. Bits 12- tt get stored in tht 6-4 bits of 
loe&tion 36869. Th1 9 bit gets stored in the 7-tit of loc&tion 36866. 
lt' s • littlt complicated but & s implt Ht of aswmbltr stlttmrnts 
w!U m&ke thr p!'ogramm1r's job 1uior. 

In the following p!'Ogr&m wgment, ADR is the symbollc )&bel 
for th• &ddrns of the memory location wh•re yo..- dtern•t• screen 
wlll be. ADI is thr vllut computod from ADR such that bit• 12-11 of 
ADR end '4> in tht proper bit positions (6-41 of the low-order byte ol 
the generated address, with •Il othor bits turnod ofl <dividing •n 
addrus by 1824 is the ume H shilting dl the bits right te bit 
positions and multiplying by 16 is tho rquiv.al1nt of shifting thom 
b&e~ to thr left four bit position•>. AD2 is the valu.. computod to 
put th e 9-bit of ADR into th• high-order bit of the low-ordl' bytr ol 
AD2. 

ADR EOU • 1888 
AOB EQU ADR/1824 
AD! EOU ADB•l6 

AD2 EQU ADR/4 
LDA 36869 GET OLD VALUE 
ANO IKBF TURN OFF SEL BITS 
ORA llADI SET SCREEN SEL BITS 
STA 36869 
LOA 36866 GET OLO 
ANO • 7F TURN OFF ONLY HIGH BIT 
ORA llA02 SET SEL BIT 
STA 36866 

This will wcrl< if .and only il thr •ddress spocified in ADR his 
its 9 low-order bits ollld its 3 high-order bits off, u required. 
Othorwise str angt results could occ1r. 

Some othor system d.at.a fields may h&ve to be modified if you 
.aro us ing the oper.ating system of the VIC to aHect thr scrun. The 
byte •t loc•tion 648 tdl• th .. oper&ting systtm which p•g• tht scretn 

-
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resides on. 

AD3 EQU ADR/256 
LDA llA03 
STA 648 

PA11911-7 

i• ili that is roquir1d. There aro ollso 24 bytu of •crHn-wrap 
information ltells the operating systrm which lino wr&p .round onto 
the next lino lilet! in long BASIC stdementsl stored •t loc•tions 217 
to 249 which may nttd to bt nved &nd rostored every tlmt you switch 
screens. S.ving olnd rutoring this infor111&tion is only necosury if 
you .,.. using ~ ~r&ting system's scro1n displ•y sy1t1m. 
Bit addrnsa1>i. llraphlcs 

Bit odd,..ss.ablt or Hi-ros graphics are ponibl1 vi& the uu of 
th1 programm•ble chu•cttr feature. The tochnique used is 
strdghtforw&rd . A blocK of tht 11<reon memory is pr1- initialized to 
contain & string of uquenti&l screen codtS <the first position of 
screen memory cont.ains & e, tht socond • 11 tht third a 2, etc.) Tht 
scrHn mt1mory is not flrther modìfied by the p!'Ogrlm c:ruting tilt bit 
&dd,..snble grolphics. The ch&r&eter patttms Un the RAM ch&racter 
pattem t&ble which is &ddressed by tht VIC chip) &re modlfitd by the 
progrim instud of the screen ""'"'Dl'Y· Th•t is, the bloel< of high-tts 
scrHn memal'y alw&ys cont&ins the nme scroen codn, the indexes to 
tht pattern table. 'l'ho patterns •re modHied & bit &t • timo by 
computing tho propor bit posltion in the propor 8-bit row of the 
pr~r ch.racter pattern. 

The size of the hi-res blocK is • flnction of &V&ilable 
memory . 'l'ho romber ol ch&r&cttr pattems nectsHry to h&ve & 128 bit 
by 128 bit tti-res screen is 256. Th&t would b1 • 16 by 16 blocl< of 8 
• 8 characters. 256 chlr&cters tal!9 2148 bytes of patt em 
information. To bit m&p th• 1ntire screen, it would t~ 22 x 23 or 
516 distinct programmtd dlorlCtt rs. This is mort ttl&n it I• possible 
to have &ctive at ono t ime. There is a solution to thls probltm, 
howe,,.r: dDl.i>le-high char&eters. 

The VIC chip hu the Clp&bllity of interpreting the char•ctor 
pattern tablt as a 8 x 16 bit pattern r•tller tllan 8 x 8. By setting 



the low-order bit of locatioo $9999 <36867> to I, the VJC chip will bt 
mad• to gener•te 8 dot wid• by 16 dot high ch1r1cttrs. To do thi•o 
•ixteen bytes of character pattern infO<'mation is proceswd for any 
91ven charact• r cod•. The t•ble of character patterns must bt 
constructod 1ccordlngly. lt is 1mportant to note th•t the characttr 
patt•rn table will now hav• twict u many bytn t>f information for the 
equivalent numbor of character code•. A full 256 cho.racter table will 
t1k• 4&96 bytn of RAH. Thìs i• more than is availablt on the 
untxpand•d VIC. So, if you wish to do full-scrttn high-rnolution 
plotting, you musi h&v• opansion momory. 

The program 111 Appendix D Hts 141 a 128 • 128 hi-rn blocl< in 
the cent•r of tht scNten and i• drslgntd to lllow a BASIC program to 
seloctively t1.rn oo or oH any bit in tht matrix by 1imply poking the 
bit positions of the X and Y coordinatn into ztro pag• memory 
locations and setting a zoro pago indiutor switch to trii th• pl'ogram 
whethor to turn tht bit on or off. This is v•rY much lik• tho samplt 
program in the PRG except it i• written in machint langual}e and run1 
many many timn n fut. 

Color control11 

Thert are four Kinds of color controls in two categorin. 
Bordor color reftrs to th• color of tht screen around th• outsidt ctf 
th• character di59l ay ar.a of tht 1creon. Background color r•fus to 
th• color of tht character dii;play area of the scrttn. Foreground 
color refors to tht color of tht dots turned on within • charact•r. 
Auxiliary color is applicablt only for multi-color mode of char.ictor 
display. 

The auxiliary and background colors may hav1 ali i6 possiblt 
diff•rent hues. The Border and foreground colors may have only the 
first •ight. 

Code Color 

e - Black 
I - White 
2 - Rod 
3 - Cyui 
4 - Hagonto 
S - Green 

• 
• 

--
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6 - Blue 
7 - Y•llow 
S - Orango 
9 - Llght Or&nge 
li - Pllll< 
11 - Light Cy•n 
12 - Light H1genh 
13 - Light Grnn 
14 - Light BIUl! 
!S - Light Y1llow 

... tl-9 

Both border and background colors ll't dtttrmi.ned by the valUI! 
of th• m•mory locatioo S99&F <361l79>. Background is set bued on th• 
value of the four high-ord•r blts, bits 7-4. Tht border color is ut 
in the thret low-order bit., bit• 2-e. The rtmlining bit, bit-3 in 
this loc&tion determinn whtther the normal backqround/foreground 
colors &rt Ntvtrsed or net. lf the bit i• on tilt background romains 
fixtd at the color specified in bits 74 and th1 fortground dots m•y 
vary !rom cho.r•ctor to ch1ract1r Lndtr contro! ctf color m•mory •s 
describtd nt•t. H it is off, the background color will vo.ry from 
char&etlr based on tht v&!un in character-color m•mory and the 
foreground lthe dotsl will di b• the constant color as sel•cttd in 
t9etF . 

The foreground color is Ht for each char1cter position on tht 
scre.n. Thore is • 586 bytt biodi ctf RAH ruervod far th• purpo5e ctf 
t•llìng th1 VJC chip what colors to anign to the 586 scr .. n 
positi0"1l. This aro of RAH starts at S968& !38488) lor systems with 
141 to SK of RAH and at S94te <37888> for systtms with more than 8K. 

Hach byte of color momory hu tht fortground color codt in the 
low-ord1r thrH bits. Thi• lllOW§ uch char1ctor position on the 
screen to hav1 its colOI' selt ctable. 

Tht high-ordor fOU' bit• •re iMignific&nt. Th• v&lUI! of blt-
3 is very sìgnificant, howovor. lt solects the mod• of interprot&tion 
of the char1cttr po.ttern. Tht eight byt• bit patt1rn arr&y lor t&ch 
ch&r&cttr cod• can b• ìnter~ttd by th• VJC chip in two different 
ways. So far, ""have only lool<ed a t the normai or "hi-Nt•" mode of 
interpretatlon. Th• second modo is called multi-color modo. Bit-3 of 
o.eh bytt ctf color mt mory will cause the cON"esponding ch&r1ct1r 
position on the scretn to bt gonerated 111 hl -res mode if the bit is • 
e. lt will cause multi-color to be in effect lor th&t char&ettr if it 
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is • I. 

Multi-colar ... 

In mulh-color mode, the eight bytn of ~tttm lnform&tion 
<ll't not sttn u eight rows of eight dots u with high-rn. Tiit eight 
bib of uch row ort sffn u four two-bit color codn. This muns 
th•t in multi-color mode the charocters displ&ytd on th• screen 
consist of eight rows of four dots uch. Bec•us• th• ch&rutors •r• 
the umo slzt and can be displayed at the umo tlmt u high-res 
ch1r&ctors1 the lour horizontal dots in HCh row Art twice H wido os 
tht singlt width dots of the hi-res ch•racters. Another w&y of saying 
this is: tht multi-color mode ol charactor display is of half the 
rnolution in tho horizontàl direction u the hlgh-ru mode . 

With thls mode, each character displayed may h&vt up to four 
diHeront colors. Sinct tho mode selection bit is sethblt fOI' t vtry 
scre.n position. multi-color ch•racttrs may bt mlxtd Wlth the single
color ch<lt'octors on the scroon. 

Tht two-bit color cado wllich defìnt the colors &nd • re fot.rod 
in th• ~ttem hblt ort: 

E:xompl1 : 

ee - bad<.ground 
61 - border 
1 e - foreground 
11 - •uxilfary 

Loc•lion $9e&E: (36878) which controls lht .. 1ection of tht •uxiliuy 
for all characters contains $26. This sets auxillary color lo rod. 

Loc•tion s9eeF <36879> which controls tht seloction o4 tht bocl<grouncl 
color and tht border color contains H E. Thls stb tht b&cl<ground 
color lo m•gtnt• and tht border color to blue. 

Location 7686 ($!EH>, the first character poslli on of scrttn "''"'Ol'Y 
contains • I whlch will co~ the VJC chip to fìnd tht ch•rocter 
~ttorn dtfinition ot location 7168, tho first ~ttom. 

Locotion 38481 IJ96te), the color-cado tablt posltion for • scrten 
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codt of 11 cont&ins tht vdut h8 <xxx• ltlll whtre x indicatos 
..Umpcrt&nt. Signifies bl•ck fortground color •nel multi-color modo for 
the fiNlt .crton char•cter position <Hl in bit positions 2-t lor 
blad< &nel I in bit position 3 fOI' multi-.:olor. 

locatlons 7168 through 7175, the charocltr ~tt•m cSefinition bytes 
fOI' c:horactor code t, contain: 

illll!llHF 
u16 1e16 sAA 
e1e1 e1e1 155 
eeee eeee see 
eeet 1e11 s1s 
eee1 1•11 u8 
8981 !lii Sl8 
Htl 1111 $18 

Th• char&ett r which will appear on tht scrttn In tht upper 
lt~ comtr will have • red line &eross the top < four double wide 
dots Hm with tht &uxili•ry color o4 redi. lt will havo block lino 
lnltr tht rod Hne <four codn of il indicalo four fortground color 
dotsJ. Btneoth thai will be • blue line < four bordtr color dotsl. 
l!enu th tha t will be • m•genh lint ( four codn o4 te signify 
back!lround color>. Below th•t will be four horizonlal lines of 
m&gtnl&o blut1 bl&ck and red going from left lo rlght. 

lf you undorstand wlly •Il th•I is trut then you have a good 
grHp of color gaphlcs on tho VJC-29. 
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Stie~• and S o und• 

Joyatidls 

Most input and output to .and from the Vic-29 is accomplished 
wlth tho .assist.net of two lntegrated circuits, th• 6522 VtrSltilt 
lnttrlict Ad•pters fVIAs). Li~t tht VIC chip, thne two dtvicn .are 
in communication with the 65&2 .and the ROM md RAM dtvict1 via th• 
addrus, d.ah and contro! bussn. The fl.nctioning of thut chips is 
under contro! of their sb tton ltrttrml •ddrtssable registrrs. Lil<e 
the VIC chip's registers, the VIAs 'registers may be lo.ded •n<f saved 
by programs nrning on the 6592. Tht 32 regist ers occupy the 
addrosses 5911t - '912F (37136 to 371681. 

Tht VIAs .are very powerful •nd complex devices. A completo 
dncription of their usr is boyond the scope ol this toxt. We will 
present the generai means of doing input and output through th• VIAs 
and the specific means of programming lor ,PysticK and paddlt use. 
F or a complete tothnicù description of advanced usage ond programming 
ol thtst devices, you should acQUirt tho ttchnical specific.ations from 
M OS T ochnology . 

E.ach of tht 6S22's hu two input/output ports. E.ach port 1s a 
set of eight elrdrical connections bttwHn tho data bus of tht VIC 
and world outsid• the VIC. The ports are called port A and PQl't B. 
Each port has an associ•tld dat.a directiori register IDDR> wlllch is 
uHd to set the I/O port's oight linn to either input or output or • 
cambin~tìon. 

Tho DDR for VIA 11, port A, !s found at address 0113 (37139). 
Each of the pott's eight linn to tho outside world may bo configurod 
at •ny timo to either ucept input in the form of a voltagt 1i9nll or 
to produce output as a voltagt aignal. Ali linos represent a lo•d of 
onr standard TTL gate in tht input mode and will drivt one 5hn<fard 
TTL lo.ad in the outDut mode. 

Tho I/O lines ol port A, VIA Il are designat.d lines 6-7. Thoy 
corrtspond to the bit positions e -7 in me mory loc<ltion S91 li 1371371. 
Rtttiving input from or puttlng output to any individuai lino is os 
sìmple u reading from or writlng to that memory loc<ltlon. 1'1rst, 
btlort &ctually reading or writing the data, it is necesury to teli 
tht VIA wllich li.nes are conn1cttd to input devicn and which <lre 
connectod to output devicn. 

Tht DDR's eight bits corr.spond to the eight bits of tho I/O 
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port. To sei.et any givtn line n an input line, tht corrtsponding 
bit ol the DDR must bo srt to • e. To identify " lino of tht pol't as 
an output line, the corrnponding bit in the DDR must bo Ht to a ! • 

VIA Ml 

OOR A S911 3 <37139> 
PortA S9111 (37 137> 

DDR B S9112 <37138) 
Pori 8 S9118 <371361 

VIA #2 

S9123 <37155) 
S912J (37153) 

S9122 <371 54) 
S9128 <37152) 

Joysticks have fivo intrrnal switches. They also have • source 
of 5 volt power which tht switchn direct to tht appropriate p1n• of 
th• comector. When the Joysticl< io tipped in one of lhe fDIA' 
dir1ctions the switch for th•t direction is closed, Hnding the "on'' 
algnal (+5 volts or • binary l) to the proper connector pin. lf th• 
Joystick 1s moved to the diagonal position, both the switchrs are 
cloHd. The other switchts Hn<f the •off0 signal ft volts or binary 
81. Tiit filth switch is the fi.r. button. lt's s ign.al 1s •e IA'llns 
lt i.s press.ed, wllen it b1com1s • I. The ccnnector pins "" directly 
wired to the VIA I/O porto. Thort is • ' TOP' direction 1ndlcated on 
most ,Pysticks. The switch usociated with that direction is connected 
to bit-2 of VIA I I, Port A. 'Bottom", then is bit-3 of VIA #1, Port 
A. "Loft" is bit-4, same port. Tho fire button is bit~s, 1&me port. 
"Righi" is attacned to bit- 7 of VIA llZ, Port B. 

So, to sense the dirrct!on of the Joystid< and whothtr tho lire 
bvtton is b•ing pushed, two I/O ports hav• to bo input to th• program. 
Port A of VIA lii is uud for tho striai port as well.,. tht g•m• pol't 
•nd Port B of VIA 12 is usrd for l<eybo.rd input as ,,,.11 u the gamo 
pol't so it is advised that if you wish to use eithrr of thou dtvices 
alter doing ,Oystick i~ that you restore the originai valur of the 
DDRs after doing yO<S' ,Oystid< reading. 

The following progr.am ugment will sav• tho DDRs, srt thom for 
.ioy•tick input, read the ,Pystid< switches and s.i.v1 tht sw!tch valurs 
H bih srt in stotage location e. 
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P&ddlH 

DDRIA EOU $911 3 
OOR2B EQU $9122 
!OIA EOU$9111 
1028 EOU $9120 

LDX DORIA 
LDY OOR2B 
LOA ltSC3 
STA OORIA 
LDA !DIA 

INPUT BITS 2,3 1 4 

ANO ltS7F FORCE 7 BIT OFF 
STA e 
STX DDRIA RESTORE 
LDA #$7F INPUT BIT 7 
STA OOR2B 
LOA 102B 
ANO il'f88 
ORA 8 
STA 0 

FORCE ALL BUT 7 BIT OFF 
BLENO WITH REST 

STY OOR2B RESTORE 
RTS 

There may bt two game pa.ddles connoded to the VIC at tht same 
time. Rach pa.ddlt has both a switth uld a v&.lue wllich v&ries u tt>e 
p•ddlr ,. rohted. The vilr1able ,.lue may nave a value betwnn e and 
255. The sw1tch will be either a one or a zero. The X paddle's 
variablt value m•y be rHd loom loca.tion $9968 (368721. The Y 
paddlr ' s variablt v&lue may be rHd from location 19899 1368731. 
TheD are locations within tht re9ister set of th• VIC chip. TI11tNt is 
no or1para.tion ntcessary to nt up the ruding of thne v1.lues. 

The switch !lettings of th• two paddln i• input in the 
identica! manner •• th• switch1s of thr .ioysticlls. In f&ct, tilt 
s witch for pa.ddlt X is the some bit, port •nd VIA as thr "left• switch 
of the .oystick. And the Y paddle s witch ls tlle s1.mr u the •righi" 
switch. Th• s.me program n wu givtn to rud tht .ioysticks may bt 
used to rud tht P•ddle switcnes. 

SI C 
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Th• VIC chip hos the additional function of pr<>viding sound 
efftct c•pa.bilitits. Thert are five rr gisters 1n the VIC chip which 
art used to contro! the sound functions. Sounds are oenerattd by th• 
VIC chip and soni to tht conneded TV along with the video signil. 
Th• fiv• N!Qi•ters are •ddrnsoble by any progr&m running on tht VIC. 
Th• Y art vtry simple to progr•m. 

The volum• contro! register shares loc•tion 36879 (1988EI with 
tht •uxili•ry color register. Tht volume contro! is Ht in the low
ordtr f!U' b1ts of 36878 •nd the auxiliary color indlc•tor is in the 
h!gh-order four blts. Tht volume may bt wt to • volue from t to 15, 
t settìng th• volume off ..nd 15 st'tting it • t its highest setting. 
Tht volume setting controls the volume of d i f!U' •voicu"; bass, 
alto, soprano, and noise. 

lhch voict is indtiwndtntly controll•bl• u to its frequency 
but not its volum•. The high-order bit of uch voice regis tor m&y be 
cOMidtrtd u & voict "s witch'. lf tht bit is on ( hu volue of I ), 
the voice is activated. lf it is a 8 or off, the vaict is 
ductivated. Thr rtmaindtr of the rrgister, the low-order 7 bits 
contrai tht froquency of the 50<.lld gerwr•ted. 

US TV wts, INTSC stUld•rdl, diHer from E~opun wts in the 
fNtquency range of uch voice. Ali of the voi<u may be heard 
•imult•neously if they are di switchtd on or any combination m•y b• 
on &t •ny one time. The gtntr&.l formula for •quating frequencys from 
register values is : 

Frtq • Clock I ( 127 - Xl 

whtrt X is tht 7-bit registtr v&.lue in tht r•nge of eta 126. For X• 
127, th• formuli. is : 

1rtq = ClocK I 128 

Tht folowing tablt summari.zts th• varlous voicn, thtir "Clock'' v&lues 
and the memory locations of their rtgi•ttrs: 
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volct add~ e.-..-. 

9ass 36874 $998A 
Alto 36875 $9888 
Sprno 36876 $998C 
No lse 36877 $9000 

cl ock 
NTSC <US 1V's) PAL <European> 

3995 
7998 

15989 
3!968 

4329 
8659 

l7329 
34649. 

Tht throry and techniques of music synthe&ii and s ound eHectii 
is ~eyond the scope of lhis text, but both the Programmer's RefeN!nce 
Guide and the VIC-20 Use~'s Guid.e pr.ovide some informatlon on cre'ating 
saund effed• and mu5ical l>ifects. 

c ; a 
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The VIC-29 comes with 16K of ROM in whic:h the internù 
oper&ting progr• m5 reside. These are lhe i:rog,..ms which intorpr,et 
BASlC progr•ms .ilei which control the input and output devices whic:h 
com• with the VIC and those which can be a.dded. This bloc;k of m•mory 
extends from $C9&0 TO HFFF. Some of the inttrn&l progr•ms ha.ve beon 
documented by Commodore in their Programmer's Referonce Guide. These 
are what th•y cali the "Kernal" programs. They dul mlinly w!th 
input/outpu\ (1/0) processing 111'1 the Vie. This teKt will not attempt 
to dupllate the information provided in the fiRG. lt ii; onc, ag•in 
strongly racommended that you obtajn a. COjly of that referonce worM. 

Thtrt are many other subroutinn induded in the VIC;s ROM 
which are not covered ·in th• PRG. We will a1't1mpt to provide 
information on using the more useful of those. \.11 wlll also present a 
Ust of the entry polnts of the remainder. Those Whkh art not 
discusud In detail may be d~codtd with lht Decoder for your 
inspection and understanèing • 

A• BASIC processes ,your arithmetìc exprn lons, it usn a 
vari•1Y of m&chine langua.ge su~routin•s to do addition, subtract!On1 

expontntl•tion, irig functions, etc. These subroutines are avail•blt 
to the machine language program for a.ccomplishing 1111 same f~tions. 
They art ali hirly slmiliar in the convention• of t helr ui;e, i.e. the 
means of pHsing parameters, getting the r'esults, etc. 

Numbers in BASJe may be txpresstd a.s either lntegers or' as 
"noatlng point" nulnbers. Integers h&ve no fractlonal component. 
They are si•teen bit signed numbers whicl\ may h&vt th• range of -
32767 to 327611. Negative numbers are exprHstd in two's complement 
notation •• dlscussed in chapter ~our. 

BASIC dOl!s ali its computations in floating p<>int mode • 
J;"lo&ting point numbers h•ve fractional components. They &re composed 
of three portions, the expont>nto the marrtissa •nd the sign. The 
exponent occupies one byte and its binary vdue ls 128 gre&ter than 
tht expontnl bting exp<'2ssed. The v&lUl' of the exprnsed exponent is 
lhe number of bits Wh1ch the mantisu needs to bt shifted. Since the 
exponent • •pression is stored in •excess 128", the range of actual 
upononts is - !'28 to ! 27 !stored &s 0 lo 2551. Neg&tive 1xponents 
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mun tho marrlisSà <u stOl'edl nuds to bt shiitod to the right and 
positive exllQ""nts means the mantissa needs to be shifted to th• left. 

Tht manti•H is & four bytr bin .. ry value. lt is the shiftod 
value of the number to be expressed. This is li~e scientific notation 
as used in pnysics And cllemistry. The dee.imi! system of scitntific 
notation would oxpress the number 12976549.765 "' 1.2876548765 • 18 
raised to tht 7th power. In BASIC you would s u this number P<"inted 
as 1.2876548765 E07. A decimi! exponent of 7 in stientific not&tion 
means the dt>cimal point needs to be shiftod 7 places to thr right. Or 
that the mantissa needs to be multiplied by 10 ra.ised to the seventh 
power. 

lt wort<s th• s.imo way with iloating point numbors excopt the 
mantisu is in binary and it needs to bo multiplied by 2 r1.ised to th• 
power of the exponent. Multiplying A binAry number by two is the some 
àS shifting it one bit position. e.g. 6: 0088 0110 and 12: 808 
11e0. 

CBM BASIC always normalizes the mantissa bifore SAving it in 
the floating point filrmat. This means that it shifts it so the 
leftmost bi-! is always a ono bit. Tho number 6 lbinary value = e0ee 
8118> would be shifted so that the normalized mantissa would be 1188 
eeee. What goes into the exponent field is 128 plU'5 the number of 
significant bit pos itions in tho originai number. 8080 0118 has three 
significant bit positìons, i;o the exponerrl would be 131. 

A few examples will be holpful. The bìnary representation of 
the floating point sforage of the number 6 is: 

1008 .9011 
13 1 
i-83 

1190 8808 
192 
$C0 

0080 8008 
0 

i-00 

0800 8088 
0 

i-08 

exponent mantissa 

8880 9898 
8 

$90 

Tho exponent of 131 represents an actual exponent of 3 <l3! -
128>. You may consider the manti ss.i as a fraction with the radix 
point <decimai point or, rather, bìnary poinU ,iust to ìts left. The 
amount it must be shifted to get bacK to a its attuai value is three 
bit positìons. In other words, the radìx pomt must be shifted from 
the left of the binary number three places to the rìght. 

' ' a 
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Other examples: 

The number 1 (9888 9981) 

1888 8981 1888 8889 
129 128 
$81 $88 

8888 8988 
8 

$88 

8888 8888 
8 

$88 

•xpontnt mantissa 

The number 2 (8889 8918) 

1898 9818 
129 
$82 

1889 8880 
128 
$88 

8888 9888 
8 

$88 

8888 8888 
8 

$00 

exponent mantissa 

The number 3 (0008 8811) 

1800 8818 1188 8888 
129 192 
•02 •ce 

8800 8880 
8 

$88 

8088 8088 
8 

i-88 

oxponent mantissa 

The number 65 ( 9188 8881) 

1809 8111 
135 
$87 

1988 9818 
130 
$82 

8889 8808 
8 

$88 

8809 8898 
8 

•00 

Page 13-3 

8888 8889 
8 

$08 

8898 8888 
8 

$88 

8908 8088 
8 

$89 

8088 8898 
8 

$89 
-------------------·---------------- ----------

oxponent mantissa 

The sign of the number is c&rried in th• high-order bit of thtt 
byte followi119 the mantissa. H the sìgn bit is on, the number is 
neg•tive. H off it is positive • 
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Thore are two flootino point iccumulators maintdn.d by BASIC, 
FACI and FAC2. FACI is located at 161 -• 66 <97-193> Uld FAC2 is &t 
t 69-t6B <185-11 Il. ThtH two accumul1tors are usrd lor di 
mathtm1t1cal oprration•. Following tho F ACs, at S6F <111>. is a •ign 
compari•on flag. The high-order bit, if on, •ignifies the two F" AC" 
.,... of diHerìng signs. 

The following routinn prrform m•thtmatic&I operations using 
tht floating point accumulators FACI and F" AC2 and values stored in 
crthtr memory locatiorl•. !!ach routint may bo txerutrd by • JSR 
imtruction to tht inchc1ted entry point. Rtferences to mrmory 
locations are froquently communicated to various routinn by an 
address cont&inld 1n the A-reg lLSBl and the Y-rrg <HSBl. We will 
refrr to this fermat u form&t-1. 

Host of the following routines use the A-reg, X-reg and Y-reg 
for communication. lt ls; an interesting f&ct that when • SYS is donr 
from BASIC, thtH thru registers art loadtd from memory loc•tion• 
788, 781 and 782 rnprctivdy. It is thtrtfort possibl• to cali thr 
following routinn ll1d those in the l<i!rn&l from BASIC by SYSìng to 
thtm after setting '-" the thrte register •torage byt.s, 

lnt.ger to FACI - tD391 154161l 
A two-byte integtr valut1 in format-1 is converted to a f101tlng 

point number stortd in FACI. 

r ACI to lm.ger SDIAA <53674} 
The F ACI is converted to • two-bytr intrger wllich is savtd into 

loutions t 64,t 65 u .. ,un. Th• FACI i• c1 .. troy1d. 

lit_,, to FACI • DBA2 C56226l 
A fivo-byte floating point numbtr 1nywhtrt in memory is loadtd 

into FACI, The addrns of tht st&rting mtmory location is in form&t
i. The sign flag of FACI is srt on if tht high-order bit of the 
m1ntissa is a °"'' tlH it is set off. The uponent is returned in 
tht A-rrg. 

• 
• • 

• 
• • 

• • 
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ASCII ta 'ACI • D7BI 1552211 
An ASCII atring is converted to floating point form&t &nd ••ved 

in th1 F ACI. Tht strino may be anywhere in memory &nd th• address of 
tht starting Jocation must bt polnt1d to by the utility strinq pointer 
•t •22,$23 (34.3Sl. Tht ltngth of tht string must be loadod into th1 
A-ttg. 

r ACI ta AllC1I • DDDD "'7971 
Tht ASCII rtprnent&tian of tht valuo in f ACl will be soved 

st&rtìng at .. 198 1256> 1nd continuing l.f1til 1 tee is rncount..red. 

111_.y ta , AC2 •DA8C "'948) 
Samo u &bave txetpl using F AC2 &nd the sign comparlson fl•v is 

set. Tht exponent of F ACI is rettnwd In the A-reg • 

'ACI ta 111...-y •DBD7 15&2791 
Tht I' ACI is stored into ony fiv1 byte memory location. Th• HSB 

of th1 1.ddreas of the start of tht memory loc1tion is puMd in the X
reg, Tht LSB !a In tho Y-reg. Tho high-ordor bit of th1 mantissa 
fi1ld is forc1d to the FACI 5.ign flag. 

,AC2 to rACt ID8'C CU3l6l 
A s implt mov115 prrformed fnllll F"AC2 to l'ACI, JAC2 is not 

1fftct1d. 

rACl ta FAC2 •DCer C5433'l 
A simplt movt is prrformed from ir ACI to FAC2. FACI is not 

&Htctod. 

Lag;r.11 AJID of rACt and rAC2 tcnt 15822:1> 
FACI &l'Id FAC2 are logic&Uy Alllltd togeth•r, tht rnult ending 

'-"in F" ACI 

Logical OR of r ACI and 'AC2 • C,16 1532221 
FACI and FAC2 1rt logicolly ORtd togtthtr, tht rnult tnd!ng up 

in FACI 

r ACt . FACI - rAC2 •Ma 1»379) 
FAC2 is 9Ubtr&rud front FACI. tht result replacing FACt. r AC2 
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isnot a~md. 

fACI • fACI + f/ICl tDNA C554t2l 
FACI is ~1c1d by the SU111 of FACI and FAC2. lt 15 necessary 

to wt the slgn co"'~ flag pMor to calling thls routine. Thia 15 
dDIW by BORing loc1tion11 166 and 168 !112 and I lii &nd atoring th• 
rnult in S6F. lt ia also necessary to load th1 A-r99 with the vali.w 
founcl in '61 (971. Note that both of thH• functions AMI done by the 
Mtlll to F AC2 routine. 

JACI • JACI • fAC2 fDA3t 1558541 
F ACI is replaced by the product of FACI AND F AC2. The s&nt1 

notes 1pply .. for the 1bov1 routine. An 1ltffn&t1 ontry point for 
thi,. routine is I D828 <558481. This entry point will 1x1cut1 tho 
memeory to FAC2 routine before doing the multiplk1tlon • 

FACI • LOO < JACI I fD9SA 15:57861 
F ACI ls ,..placed by the LOG of FACI. 

FACI • fAC2 I JACI fDBl2 CS6t82J 
F ACI is ,..pl•c1d by th1 qautant of I' AC2 and F ACI. Tho umo 

notn lJll>IY u for addition. H!Nlver by JSRing to tDBeF 156879) 
instud, th1 loadlng of th• FAC2 fram m1mory will bt accomplished 
prior to dolng ttlo dlvi5lon. 

JACI. l'AC2 A JACI •DJ7B 1572111 
r ACI is replaced with F AC2 r&ls1d to th1 pow.r of F ACI. Samo 

comm1nts 11 for •ddition. By using tht tDF78 <S72t8> 1ntry point, the 
routine to lood F ACI from mH1ory may be 1xerut1d prlor to the 
1xponentl1tlon routin1. Tht Mtmory to FACI routine don not properly 
ut th1 • ign compare flag h1Ntver. Also note that when usino th111 
altem&t1 1rrtry points , th• sam1 nb.lp of tht A-ng and Y-f'eg must b1 
performod u per Mtm-to-FAC routinu b•foro c&lling tht dnired 
1rithmttic routitw. 

J ACI • J ACI I tt tDAJI ""'2l 
r ACI is replaced by F ACI I te. 

eo.p.r. JACI and MllMll'\' tDCSB 1564111 
Tho A-ng ls set depending on the re!IUlt of th• compue b1two1n 

lii 
lii 
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FACI and so•• flooting point numb!OI' In & S111dfild MlllOl"f loc1tian. 
1f ttwy AMI oquai, tht result is t ; if they art not oqual the result 
ls tFF (255>. The &ddrns of tlw sUrt of tht •••ory loc&tion 1s in 
fortll&t-1 • 

J ACI • All6 I J ACI I tDC58 l544t8l 
Tht FACI is replutd by lhe absolute v&lue of FACI. 

J ACI • IMT I J ACI I tDCCC 1545241 
Tht I' ACI is replaced by ttlt inttgor portlon of FAC!. 

J ACI • 111111 I J ACI I aDC39 1563771 
Tht F ACI ls replued by the vlli.w 9 lf lt wa • aro, by l if it 

w&S gre&t1r than aro &nel by -I if it wu llH than Hro. 

JACI • 8QR I l'ACI I aD'71 C572tll 
Tht I' ACI is repl&eed by the sqJ&H root of FACI. 

JACl • lllP I FACI I tDJID 157125> 
Tht J ACI is repl&ced by tht vali.li co11putld by raising e of 

nabr&l logarithRI f &Rll to the power of FACI . 

JACI • C06 ( rACI ) K261 CS79S3l 
Tht F ACI is replaced by the Cosine of F ACI 1xpreued in r1di1M. 

JACI • SIM I JACI > aDCS8154Httl 
Th1 F ACI is replaced by th• Sino of F ACI txpresud in r1di1M. 

JACI • TAJI I JACI I K2BI C18133> 
Tht "ACI is rtplactd by ttlt t11VJ9nt of FACI IXpl'HUd in r•dians • 

JACI • ATM I rACI ) $131111581291 
'nw I' ACI i,. ,..p11c1d by tho &retangont of F ACI txpresstd in 

r&dUna. 

Most of tilt I/O routines are prtunttd in the PRG but thtre are 
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two .,.,,.. ~unttd htrt whim do not appear thtrt. lii Appendix A 

It"plt Inta BASIC buffw' SC56I CWJ28) 
Tht 811 bytt BASIC it"plt buff9r st~ at H2tt ~12> is Hodt I 2 3 ~ s 6 7 8 9 18 11 12 13 

fflltd with maracttrs fro111 tht ~ybaud. A CRtt\rnl tormwtn the lii --·----·--------------------------------·------·-
illput •nd • • •• signifiH the t nd of the musagt in thtP bufttr. AOC X X X X X X X X 

ANO X X X X X X X X 

Output •trlng to ........ ICBll <$19991 • ASL X X X X X 

Tht 1tarting •ddrus of a string of ASCII char1tt1rs to bt ecc X 
printod on tht scrnn is stt in for1ut-I . 'T'ho string must bt BCS X 
t1rmlnat1d by a •et. 8EQ X 

• BIT X 

8111 X 
BNE X 

BPL X • BRI< X 

BVC X 

llVS X 

• CLC X 

CLO X 

CLI X 

CLV X 

• CMP X X X X X X X X 
CPX X X X 

CPY X X X 

OEC X X X X • DEX X 

OEY X 
EOR X X X X X X X X 

• INC X X X X 
INX X 

JNY X 
JHP X X 

lii JSR X 

LOA X X X X X X X X 
LOX X X X X X 

• LOY X X X X X 
LSR X X X X X 
NOP X 

lii 

-
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Hodt I 2 3 4 5 6 7 8 9 18 11 12 13 ------------- ·----------------------------- lii Appendi>< E 

O.e Htx 8iur7 O.e Htx 81nory Otc Hn 8in1r1 O.e Htx 8ioar1 
ORA • X X X X X X X Il --·------- ---------·-------- ~--~-~--------- -----~-....---~-~-PHA X ' fH HH HH 32 f21 Hll Hll 64 f41 llH 1111 96 f6f 1111 1118 
PHP X I Hl HH Hl! 33 t2I 1111 1111 65 f41 flll Hl! 97 UI '11f Hll 
PLA X • 2 fl2 HH Hll 34 t 22 me '"' 66 f42 1111 1111 98 t62 11111111 
PLP • 3 H 3 fllf Hll 35 t 23 me m1 67 f43 llH Hll 99 U 3 1111 1111 
ROL X X X • X 4 t U 

'"' 1111 
36 f24 H ll llH 68 •« 1111 1111 

"' t64 
1111 lltl 

ROR X X X X • s tfS tUI 1111 37 t 2S tilt 1111 69 f4S f lH llll lii f65 1111 llU 
RTI X • ' 

.. , 
"" •in 38 t 26 1111 1111 71 $46 1111 1111 112 fU 1111 fili 

RTS X 7 H7 IHI 1111 39 t 27 Hll 1111 71 f47 l lH 1111 113 U 7 1111 1111 sec X X X X • • X • I .. , IHI IHf 41 f 28 1111 liii n f48 1111 IHt 114 f68 tlll IHI 
SEC X 9 H9 1111 lii i 41 t 29 1111 1111 73 f49 11111111 In t69 1111 1111 
SED X • Il HA 1111 111• 42 f:!A 1111 Ult 74 MA UH 1111 116 t6A 1111 1118 
SEI X Il HB .... liii 43 t28 Hll liii 75 ·~ 1119 liii 117 t68 8111 lii I 
STA X X X X X X X 12 tlC 1181 1111 44 t 2C liii llH 76 t4C 11'1 1111 1'8 46C 1118 1118 
STX X X X • 13 tlO 1818 1111 45 t20 1111 1111 n t4D 1111 1111 119 Ul> 1111 1111 
STY X X • 14 f il' .... 1111 46 t2E Hll 1111 78 UE 1111 llll Ili t6E 1111 1111 
TAX X u flF 1111 liii 47 t 2f 1111 1111 79 f4F llll 1111 111 46F llll 1111 
TAY X 16 f il Ull llU 48 UI 1111 IHI BI tSI 1111 llH 112 7f 1111 UH 
TSX A • 17 f il fH I 1111 49 t 31 1111 1111 81 t 51 1111 1111 lll t 71 1111 1111 
TXA X 18 t l2 1111 1111 se t 32 1111 1111 12 ~2 1111 1111 11 4 4n 1111 Hll 
TXS X 19 t l3 1111 1111 51 t 33 111 1 1111 83 •sa 1111 111 1 115 t 73 11 11 1111 
TYA X 28 t14 8111 1111 52 t34 1111 llH 84 f54 IHI tlll 116 f74 t lll tlll • 21 tlS 1111 8111 53 f35 ltll tUI 8S •55 tlll flll 117 t75 1111 1111 
Hodes1 22 tl6 1181 fili 54 t36 1111 1111 86 t56 9111 Il li 118 f76 fili 1111 

I - Accumuhtor 7 - Ab~olutt ,X 23 ti] Hl! 1111 55 f37 Hll fil I 87 fS7 1111 1111 119 •n tlll fili 
2 - Jrm1edi ate 8 - Absolut&,Y • 24 tl8 1111 !Hl 56 t 3B Hl I liii 88 $58 tlll UH 128 t78 '111 !Hl 
3 - Zoro p;ige 9 - lmpl ltd 2S fl9 HU IHI 57 f39 H ll 1111 89 f59 1111 1111 121 t79 1111 IHI 
4 - Zero page ,X 18 - Roht iuo 2, f lA 1111 1111 se t:M 1111 1111 91 tSA t111 me 122 fl'A '111 lllf 
5 - Ztro pago,Y I l - ( lnd ì rec t,Xl 27 fil fUI 1111 59 f38 H ll 111 l 91 f511 1111 1111 123 f71 1111 1'11 
6 - Absol uto 12 - <lndiroct l ,Y • 28 f lt tH1 1111 " t 3C Hll 1111 92 f5C 11'1 ll H 124 f 7C 11 11 I lii 

13 - ( l nd i rtctl 2' t 1D 1111 11 11 61 f:I) H ll 1111 r.I •so 1111 1111 125 f7D 1111 liii 
31 f lE Htl 1111 62 t l( H ll 1111 " ·~ llH 1111 126 f 7E 1111 lllt 

• 31 f !F ftll 1111 '3 tll" lii I 1111 95 f5f IHI liii 127 f7f 1111 1111 

• -
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Dtt Hu 8i .. r r Dtc lltr Biour Dtc lltx 8i1ur O.e ltu 8ìu r r 

128 t 81 1111 1111 1'1 W 1111 1111 192 tct 1111 1111 224 t EI 1111 UH 
129 t81 liii Biil 161 tA! 11111811 193 ttl 11111111 225 tEI 11111111 
131 t82 11111111 162 tA2 1111 8111 194 t C2 1111 1111 226 t E1 1111 Hll 
131 t83 1818 8111 163 tA3 1111 1811 195 tt3 1118 1111 227 t E3 1111 9111 
132 t94 1111 1111 164 t.\4 1811 1111 196 t C4 1181 8111 228 U4 1111 1111 
133 t 95 1118 8111 165 tA5 1111 1111 197 tt5 1111 11Bl 229 t E5 1111 1111 
134 $86 111111 11 166 tA6 liii 1111 198 tC6 11111111 231 t E6 11 11 1111 
135 t 87 1111 1111 167 tA7 11111111 199 tC7 1111111 1 231 tE7 11 111111 
13' t 88 1111 1111 168 W1 liii !Hl 2H tC8 11 11 UU m t EB 11 11 1111 
137 t89 1111 1111 16f tAt liii !Hl 211 t t9 1111 1111 233 tE9 11 11 IHI 
138 HA liii liii 171 tAA 1111 liii 212 tCA 1111 1111 234 4EA 1111 1111 
139 tB8 !Hl 1111 171 tA8 1111 liii 213 IC8 1111 1111 235 UB 1111 1111 
141 oc 1111 1111 1n w 1111 1111 214 tee 1111 1111 23.l t Et 1111 liii 
141 tao 1111 1111 113 w 1111 1111 12s tto 1111 1111 237 t E1> 1111 1111 
142 t llE 1191 liii m tAE 1118 1111 216 tCE 1181 liii 238 tEE liii 1111 
143 t8F 1118 1111 175 W liii 1111 217 tCF liii 1111 239 tEF 1111 liii 
144 t 91 liii 1111 17' t81 liii 1111 218 tot 1111 1181 241 t FI 1111 UH 
145 t91 1111 1111 177 $111 liii 1111 219 tO! lltl 1111 241 t FI liii 1111 
14' 0 2 liii 1111 178 t82 11 11 1111 211 $02 liii 1111 242 tF2 liii 1111 
147 t93 !Hl 1111 179 S83 1111 11 11 211 $03 1111 1111 243 tf2 1111 11 11 
148 t 94 1111 l lli 181 t84 1111 1111 212 $04 liii 1111 244 IF4 1111 1111 
149 195 liii 1111 181 t85 1111 1111 213 t 05 liii 1111 245 tF5 1111 1111 
151 "' 1111 1111 182 $116 liii 1111 21 4 t 06 1111 1111 246 tf6 1111 1111 
151 t97 1811 1111 183 t97 1111 1111 215 t D7 1111 1111 247 t F7 1111 1111 
152 08 !Hl !Hl 184 tBB 1111 1111 216 t08 1111 1111 248 t F8 1111 1119 
153 t99 liii !Hl 195 t99 1111 1111 217 tot 1111 liii 249 t F9 llll 1111 
154 t 9A 1111 1111 186 lii 1111 liii 218 $llA 1111 lllt 2St t FA 1111 1111 
155 t98 1181 1111 197 t88 liii liii 219 tDI liii liii 251 tf8 liii liii 
156 '9C 1111 li ii 188 t8C 1111 11 11 221 tot liii liii 252 tFC 1111 liii 
157 0 0 1111 li ii 189 OD 1111 1111 221 tOO 1111 11 11 253 tfO 1111 11 11 
1:18 OE 1111 11 11 191 t8E 1111 1111 222 tOE 1111 1111 254 tft 1111 1111 
I 59 t9f 1111 1111 191 t8F 1111 1111 223 tlf 1111 1111 2SS tff 1111 1111 

• = 
lii 
lii 
lii 

• 
• • 
• 
• 
• 
• 
• 
• 
• .. 

Jnalde Th9 VIC P&Q9C-t 

Au-to- S-tar-t Ca.r-tridg•• 

The VIC-2t hu a futur. which d lows a progra111 in ROH 
•t.artìng at IAH8 14t96t> to sitH contro! of the machlne at power-up 
and Rl!SET timH without any ftrthor internntion 1'9quirtd on tho p•M 
of th• optrator. 

At power-up timt DM of tht very first things tht o~r•ting 
•Y•tem dou is checl< for • Ilvo ch&r1cter ..,~net startlng_ at 
location IAH-4. lf it finds 141,13i,IC3,IC2,ICD 1t will autom•hcilly 
.-imp to th• addrus it found 1t I A888.SAHI. A n cand &ddr.ss is 
&10t't d in tA9&2,iAH3. Thls is the &ddren of tht CRl!STORE l l\ty 
proc:nsing routine • 

In crdtr to cr.ate a c&rtridge with RHd Only HtmOt'Y• it wiU 
bo nrcessary to hav1 a prom programmer. Thi• i& • dtvice which 
' burns' PROHs. PROMs ar. progra111m1ble read only mtmCJ<'Y•· A PROH may 
be progrommed or b<rned by 1pplying tht propt<' voltag11 1nd following 
the prucribtd timing rulu of the device bting programmod. These 
functions •rt car.fully controll1d with a PROM progrommtr. Various 
SOU'CH oxist fa' tht .. dtvicn and it is not horribly dilflcult to 
build your own if you h1v1 somo oloctronic sltill•. Sovoral wch 
proJrcts haw been dt=ibed In the papular computinc; maguinu. Tht 
PRG contain5 the necnsary infOt'm&tion on tht 1lectric&I dofinition of 
tht txp•nsion port whert tht cartridges attach to tht VlC. 

Somo of tht ar,..ntly av&ilable cartridgn actually contain 
BASIC procJr&ms. To do thl&, they do the BASIC Mtup rovtlnes in 
machine l4119uage followed by putting ' RUN' followed by 113 lcarriage 
returnl in the BASIC l\tyboard buffer at 631-648 and ,Umping to tht 
prlnt READY routine. The following example camt out of such • 
cartridge: 

PLA RESTORE KEY PROCESS1 NG 
TAY 
PLA 
TAX 
PLA 
RTI 
JSR 64989 ~INLINE PROCESSING 
JSR 64858 
JSR 6581 7 
CLI JSR 58459 
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JSR 58276 
JSR 58372 
LOX 11251 
TXS 
LDAll113 
STA 43 
LOA 11169 
STA 44 
LDA 11189 
STA 888 
LDA 49999 
LOY 119 
CHP 11162 
BEO a+2 
LOY 113 
STY 198 
LDX 119 

SET UP START OF 
8ASIC TO BE 

41973 

OISABLE STOP KEY 
CHECK FOR IEEE488 

ti CHARS JN BUFFER 

LOOP LDA TA8LE,X 
STA 639 1Y 
DEX 
OEY 
llNE LOOP 
JHP 58292 PRINT READY 

TABLE EQU 41956 
8YT SS309334S333A51D500 

PqeC-2 

Tht inform•tion in tht tablt is SYS4E4:RUN[RJ in abbrtviated 
eommand format . The BASIC program stuts at 41873. VaMablt storagt 
will • till b• in low-mtmory RAM , s inct those pointers wtrt ntvtr 
disrupttd ff'om tne time of vtetor mitialiution. 

"' 1111 

• 
llWide The VlC 

IW• Decim&l 

8888 
8883 
eees 
88B7 
8888 
8889 
888A 
9888 
eeec 
0990 
988E 
888F 
8819 
8811 
8912 
8813 
881 4 
8816 
88 17 
8819 
8822 
8824 
8026 
8828 
0820 
882F 
8831 
8833 
8835 
8837 
8839 
8838 
8830 
883F 
8841 
8843 

8-2 
3-4 
5-6 
7 
B 
9 
18 
11 
12 
13 
14 
15 
16 
17 
18 
19 
28-21 
22 
23-24 
25-33 
34-35 
36-37 
38-42 
43-44 
45-46 
47-48 
49-58 
51-52 
53-54 
55-56 
57-58 
59-68 
61-62 
63-64 
65-66 
67-68 

VIC 29 M•mory Map 

Function 

USR funttion .kJmp 
Yloat->intevor 
lntever->float 
Su.eh ehar • :• or endline 

'•D-1 

Scan btwn quotn flag - lt as dtlimttlr 
Column pos of W'SOI' on lino 
Verify flag <t=load/l• V•rifyl 
Buie input bufttr poin1trll-uripts 
DIH flag 
Variablt flag - t ype:FF=string - tt•numrric 
lnt•grr flag - type:88=int191r - H •floating pnt, 
DATA uan flag/LIST quote flao/mtmory flag 
Subscript fl•g;F Nx fl•g 
Flag• for input or rud <&=input - 64•get - 1~2•read 
ATN sign flag:comparison tv&IU&tion flag 
Current I /O d1vic1 for prompt suppNIH 
Buie inttgtr adr.(for SYS - GOTO etcl 
Ttmporary string dna-iptor •hd( pointtr 
Lut temporory strinq vector 
Stock of dneriptors for te11ponry s trinqs 
Pointer fai' number tr•nsftr 
H i se numbtr pointer 
PN:ldet UH fai' mult 
Pointer to start of Basìe 
Pointer to end of prog.st&rt of variablts 
Pointtr to tnd of vlMabln staM of arrays 
Pointer to end af arrays 
Pointrr to daM of activt stmg spc•"Ollin9 dwnl 
Pointer to tap of •ctive strings 
Paintt r to tnd of m111ory 
Current Buie lini number 
Prtv BASIC lint num 
Prtvioo11 BASIC shtement <for CONT) 
lint numbtr - eurrent DATA line 
Paìnttr to C\rl'tnt DATA ittm 
Input vector 



-
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Htx Dtcimd Function • Hex O.cimai Function 
------ ---------·----------------- ---- -----·-------------

9845 69-78 c:ur-ttnt var iablt n""" 89A4 164 Cyde CCU'lt•rfor wriù I /O 
9847 7 1- 72 Curl-ent variAblt &ddrtss 88A5 165 Cntdwn lor t&p11 write 
8849 73-74 Vari1blt pointrr lor FOR/NEXT • 88A6 166 Cusottt bufl9r pointer 
8848 75-76 Y uve/new op sav1/curr op pointer 8BA7 167 RS-232 input bit stor&gt /T•pe shrtcnt 
884D 77 Spotcid masK for curr oprtr;Com1>1ricon symbol 88A8 168 RS-232 bit cnt in/ Tape rHd 1rror 
884E 78-79 Mise. worl< aru;function def pointtr hi-Jo • 88A9 169 RS-232 flag dart bit c11/Tlpll rd bit err 
9858 88-81 Wori1 .,.a;pointor to •trnv dtserptn UAA 178 RS-232 byh bufft r/Tape rd mode 
8852 82 Ltngth of abov• s tring 88A8 171 RS-232 parity storoge/Tape chKsum 
8853 83 Const1nt used by garb•g• colloct - 3 or 7 88AC 172-173 Tipe start 1ddr/hpe buffer I scrolling 
8854 84-86 Jump voctor for functions • 88AE 174-175 Tap11 end •ddr/tnd of currtnt program 
8857 8 7-96 Mise. numtrìcal stor•g• oru e0ea 176-177 T•p• timing constants 
9861 97-1 82 FACtll 8182 178-179 Addr of ta_p11 buffer 
8867 183 Strin tv•llllltion c~tont pointtr 8884 188 RS-232 tra_nsmittor bit cnt out 
8968 184 F AC# I high ord pl'Opog• tion • 888:1 181 RS-232 transmitter nxt bit to bt Hnt 
9969 u:i- 118 Accumulator 12 8886 182 RS-232 transmltter byt• bufftr 
886F 111 Sign eomparison - F ACI vs FAC2 8887 183 Ltngth of current file "'"'' ctring 
8978 11 2 Low arder rouiding byte far Ace#! 8888 184 c:.rnnt logica! file numbtr 
8871 113 -114 ùswttt buffer l• nvthl wMes pointlr 8889 185 Curr secand1ry • ddr - or R/ Y com111and 
9873 115-138 Subrtn:Get Buie ch1r;7A - 7S-pointer(CHARGOTI 88BA 186 o.rr devict numbtr 
0888 139- 143 RND stor1ge and work •rea eeee 187 Addr of Cl.N' file n1mt string 
8898 144 Statu• ST 8980 189 RS-232 write shift word/Rtctlv• input char 
8091 145 Stop Kty flag: Kryswltch pia. eeee 198 •blocKs rom1ining to rudfwrltt 
8892 146 Timing constant for topo 88BF 191 Stria.I word buffer 
8893 147 Lo1d or vrrify flag L•t /V•I eece 192 Cau motor ìnterlock 
8994 149 Seria_I outputldtferred char f11g eec1 193-194 Tapt "ta_rt 1ddrU01d> 
8895 149 Serial dtferrtd char&cter 89C3 195-196 KERNAL stltJll pointer 
9996 158 Tapt EOT rtcvd 09C5 197 H1tri.IC c~din&tn of Kty prnsod 
9897 151 Re91ster s .. v• area 88C6 198 • of char 1ctrr s in Ktybrd bufftr 
8898 152 • opon files 88C7 199 Rtverw modt fl19 - t=off - I 8•on 
8999 153 Input devtcell - nor'm1lly 8 e e ce 299 Bnd of lint for ifl!)Ut poìnttr 
889A 154 Outpu'I CKD dtvico - normally 3 88C9 281-282 Cir5'or Jog<row - columnl 
6&99 155 Tapo character parity eece 283 Which Kty - 6• if no Kty 
889C 156 Custttt dipolt sw1tch e ecc 284 Cursor blinK tn1bltd fla_g - l•on - l•off 
8090 157 OS muug• fl•g - direci;t 88 - run•8 eeco 285 0.lay btfott <lrMX' blinks 
899E 158 C.ssottt trror PH• I 88CE 286 Cl!aramr ...dtr ct.rSOr 

889F 159 Cassetti error pan 2 88CF 287 C:U-sor onfoff blinK flag 
98A& 168 - 162 Jiffy clocK <HMU 8900 208 Input from scrt1n/Ktybrd 
88A3 163 Serial bit count 8801 289-218 Scrun 1ddr!row>pointtrl5crotn memoryl 



lnùde The VJC ,. ... D-4 Il i.-.Ttw VIC '•°"' 
HfM Decim&I Function .. lf9x o.d11al Function -- - ----- ----

___ , ________________ 
8803 211 P~ìtion of cursor on CL.<'1' lint 8294 668 RS232 Command rogisttr 
8804 21 2 Quoto mode fl•g <i•off I !•on) 1295 661 - 662 Non standilrd<bittimt/2- ltll 
8805 21 3 Lin• ltngtn fOI' ""'" C22/~'4/66/89l Il 8297 663 RS-232 st•t\15 rogisttr 
8806 214 C..-rtnt scretn lirv number 9298 664 Numb.r of bits to send 
8807 215 ASCII v&lue of lu t key ~ss 8299 665-666 Baud r•tt full bit time 
8808 216 lt of lnserts outstanding • 8298 667 RS-232 end of rtctiver pointer 
8809 21 7-241 Scrotn line lini< hblo 829C 668 RS-232 stilrt roceive buffer 
88F2 242 Scr11n row mar~r 8290 669 RS-232 start traMmit output buf 
88F3 243- 24 4 Scrttn cole<' ptr 129E 678 RS-232 end of Ù'ilMmit buffer 
88F5 245-246 Keyscan t•ble ind!Nct • 829F 671-67? Holds IRQ during t•pe optriltion 
88F7 247- 248 Pointer to RS-232 rectivt buffer •ddr 82Al 673-767 PN19r&m indirocts 
80F9 249- 259 Pointer to RS-292 tr&nsmlttrr buffer addr 8388 768- 769 lndlrtet trrC<' routine 
88FB 251 - 254 l'ru :tN! oage loc• tions 8382 778-771 lndirtct w&rm start 
88FF 255 BASIC stor•ge • 8384 772-773 lndirtet cf'U'dl BASIC 
8188 256-266 Flo.i.t ing to ASCII worl< •rn 8386 774-775 lndlrtct tokl!n print 
8188 256-318 T ;ape error log 8388 776-777 Indirtct new t""-n 
8199 256-511 Proce&ior stael< area • 938A 778-779 lndlrect symbol tv&luiltion 
8298 51 2-688 Basic input buffer 138C 781 Tt11porAry storagt du'ing SYS of A-rog 
8259 68 1-618 Logie&! file numbtr table 8380 781 Ttmporary storagt dlJl"inv SYS of X-rtg 
8263 611-628 Devict rM.Jmber t lblt 838E 782 Temporary s torage during SYS of Y-ro9 
8260 621- 638 Secondary addr of R/ W cmd - tablt • 838F 783 T1mporilry &tC<'&ge during SVS of P-rtg 
8277 631- 648 Keyboard buffer 8314 788-789 IRQ wctor 
828 1 641-642 St•r t of mtmC<'y 1316 798-791 BRK vector 
8283 643-644 TD!I of "'' me<'y 1318 792-793 NN J vtctor 
8285 645 Serial timtout flag • 831A 794- 795 Opon logicill file vrctor 
8286 646 Activ• color code 831C 796-797 Clost logica! !ile vtctor 
8287 647 Origin.al color <.nc11r cursor 831E 798-799 Stt input dtvit t vtctw 
0288 648 Scrttn o• ge • 1321 811-881 S.t output devict vedar 
8289 649 Ktybo&rd buffer mu l•ngth 8322 882-883 Ruet ~tf•ult I /O 
82BA 658 Reput fl•g - 8•cursor only - 128=&11 keys 8324 884- 885 Input from dtvict 
8288 651 Del&y bef~ roput occurs 8326 886-887 Output to d1vlc1 voctor 
828C 652 Delay btwn r•puts • 8328 888-889 Tut STOP 1<9y vtctar 
8280 653 Shìft flag bytt 132A 818-811 Qet frolll k9ybo&l'd Vtctar 
828E 654 Last shift patttrn '32C 812-813 Clow di filn vector 
828F 65~-656 lndiroct for l<eyboard t•blt stt14> • 832E 814-815 Buie USR comm &nel vector 
8291 657 SMft modt switch - 8=1nlbl1d - 128•locJ(ad 1331 816-817 Lotd from dltvict vt ctor 
8292 658 Auto a<Nlll dwn flag<e•on - <>t•offl 1332 818-819 St ve to d1vict vietar 
8293 659 RS232 contro! rt91sttr l33C 828-11 19 Cuuttt bufftr 

• -



8488 
1888 
1Ee8 
2888 
4888 
6888 
1898 
1288 
9488 
8899 
8888 
8488 
8C88 
9888 
9888 
9e&8 
9881 
9882 
9883 
9094 
9985 
9886 
9897 
9888 
9889 
988A 
9888 
900C 
9880 
988E 
988F 
9118 
9118 
9111 
9112 
9113 
9114 
9115 

l'unction 
-------·--------- --------------

1824-4895 3K ••p&nsion RAM art1 
4896- 7679 Ustr Buie ll'H 

7688-8191 Sc:rnn m1mory 
8192- 16383 8K exp•nsion RAM /ROK biodi I 
16384-24575 SK oxp•nsion RAM /ROK bloc:k 2 
24576-32767 SK exp&M;ion RAM/ROM block 3 
4896- 4687 ScrHn mtmory IRAK > SIO 
4688- User Buie oru U!AK > 81() 
37888-38399 ColDU' RAM <RAM > 810 
32768-36863 4K ch&r•ct•r gtntr•tor ROK 
32768-33791 Uppor coY and gr&phic• 
33792-33815 Rev1rnd IJP!llr cue and graphics 
35848-36863 RtvtrHd uppor and lo~r cue 
36864-37887 I/O BLOCK 8 
36864-36879 Addrus of VIC chip rtg istors 
36864 bits e-6:horiz centmg/bit 7:int1rlact 
36865 vort!c&I contt ring 
36866 bib 8-6:1 cols/bit 7 part of scrn mem 
36867 bits 1-6:• rows/bit e nts Bx8 or i6x8 ch•rs 
36868 TV rutrr beam line 
36869 bits 8-3 st1rt of charocttr momory 
36878 Horizontal position of light pen 
36871 Vertic•l position of hght P"n 
36872 D1gitiztd v.ùue al p•ddlt X 
36873 Di91thed value ol p&ddlt Y 
36874 F requtncy far oscilla tor I llow) 
36875 Frtqutncy lor os<illator 2 (mtdium) 
36876 l'rtquoncy for oscillator 3 lhigh) 
36877 l'requtncy al noist SDU'ct 

36878 bils e-3:volume/ 4-7:• uxilory color 
36879 Scrun &nd border color r tgistor 
37136-37151 6522 VIA No.i 
37136 Port B output register(ustr port RS292l 
37137 Port A output registtr 
37138 D•I• dÌl'tction registtr B 
37139 D•ta dir1ct1on register A 
37148 Timor I IDl<I byte 
37141 Timer I high byte 

.. 
Il 
lii 
Il 
.. 
• -
• • 
• 

..... TMVIC '* D-1 

Hn Dtclmll Functlon 

9116 
9117 
9118 
9119 
91 IA 
9118 
911C 
911D 
91 IE 
911F 
9128 
9128 
9121 
9122 
9123 
9124 
9125 
9126 
9127 
9128 
9129 
912A 
9128 
912C 
9120 
9120 
912F 
9499 
9688 
9881 
9C88 
A988 
ce e e 
CB88 
C846 
C874 
C892 
Cl93 

·------------------- -
37142 Timeo I low byte 
37143 Timor I high byte 
37144 Timor 2 low byte 
37145 Timtr 2 high byte 
37146 Shift register 
37147 Auxili•ry contrai rogister 
37148 Ptripheral contrai rogister 
371 49 lnttrrupt flag registtr 
37158 lnltM"tlPt erWll• register 
37151 Port A 1 .. nse cassett e switch) 
37152-37167 6522 VIA No.2 
37152 PortBoutputregisttr 
37153 Pori A output reglster keyboard row acan 
37154 Dat& direction registtr B 
37155 Dal• direction rtgister A 
37156 Timtr I. low byte latch 
37157 Timtr I. high byte l•tch 
37158 Timer I. low byto counter 
37288 Timer l. high bytt counter 
37168 Timtr 2.Jow byte latch 
37161 Timtr 2.high byte latch 
37162 Shlft register 
37163 Au>Ciliary contrai rogister 
37164 Ptrlphtrll contro) rtgistor 
371 65 lnterrupt flag registtr 
37165 lntt rrupt enablt roglster 
37167 Pcrt A output registtr 
37888-38399 Loc:ation of COLOR RAK !RAK > 81() 
38498-38911 Nor"'d loc:ation of COLOR RAM 
38912-39935 I/O block 2 
39936-48959 I /O block 3 
48968-491 SI Expansion ROM 
491 52-57343 BASIC 
49152 KtyWO<'d action addrtHes 
49222 Function action addrnses 
49268 Optr•tcr action • ddrusu 
49298 Ktyword T&blt 
49555 Errar mnsagu 
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Hrx O.cìmal Function 

Il 
HH DrciNl Functlon 

- - - ---- - ---·-·---------- ---·-~--------~~----

C38A 588!58 FOR - GOSUB oearch ~taci< C87B 5285'1 Perform GET 
C388 58184 Open ma mory sp&cr CllA!I 52133 Ptrform INPUT• 
C3FB !581 71 T .. t sbcK depth Il CBBF 52155' Ptrform INPUT 
C41B 58184 Chrd< available memory CBFS' !52217 Prompt l Input 
C435 58229 Send error mtssagt CCl 6 52238 Pti'form RBAD 
C474 58292 Print RBADY. CCFC 52476 Input r rror mnsaQH 
C483 58387 New BASIC line procenil"l\j • COI E 52518 Perform NBXT 
C533 58483 BASIC lino chaining C078 52688 Type match check 
C568 58528 Receivr Une from Keyboard C09E 52638 Evaluate expression 
CS7C 58556 Tokenia BASIC line • CEAS 52984 PI in fio& ting point 
C613 58787 Search for line numbtr CEF I 52977 Evaluatt within paronthnis 
C642 58754 Perform NEW CEF7 52983 Check for '>' 
C668 58784 Ptrform CL R CEFA 52986 Ch•ck for ' (' 
C68E 58838 Rur t BASIC executton to start-of-pr<><Jra m - CEFD 52989 Check for • - • 
C69C 58844 Prrform LIST Cf88 53888 Syntax r rror 
C742 51818 Perform FOR CF 14 53812 Search for variable name 
C7EO 511 81 Execute BASIC statrmtnt CFA7 53159 Set up F N referrncH 
CBIO 51229 Perform Rl!STORE - CFE6 53222 Perform OR 
C82C 5 1244 Pr rform STOP and E KD CFE9 5322!1 Perform AKD 
C857 51287 Perform CONT 0816 53278 CompariM>ll routine 
C871 51313 Ptrform RUN • 087E 53374 Perform DIM · 
C883 51331 Perform GOSUB 0888 53387 Locati variibl1 
CSAI 51368 Prrform GOTO 0113 53523 Chrck lor alpha ASCII 
C802 51 418 Pt rform RETURN OllD 53533 Crn tt new variable 
CBEB 5 1435 Pr rform DATA • 01 94 53652 Array pointrr routine 
C986 51462 Snn for next stdemrnt D1A5 53669 32768 in lloating point 
C98 9 5 1465 Sc1n for ne•t line OIBF 5369:5 FACI to intrgor 
C92B 51 496 Pr rform IF DI DI 53713 Find or Crutt Nr'•Y 
C938 51515 Perform Rl! H • 034C 54892 Computi wbscript 1itt 
C948 51531 Perform ON 037D 54141 Ptrform FRE 
C96B 51563 09t intrg1r from trx t 0391 54161 lnttgtr to F ACI 
C9A5 51621 Ptrform LET • D39E 541 74 Prrform POS 
CA88 51848 Pr rform PRI NTI 03A6 541 82 0111:1t far DlRECT 111od1 

CA86 51846 Pr rform CHD D383 54 19:5 Ptrfor0> DBF 
CA9A 51866 Perlorm PRINT 03El 54241 Chrck FN syntax 
CB! E 51998 Pr1nt string from any memory D3F4 54268 Evalu&te FN 
C838 52827 Prin1 formi t choract t r 0465 54373 Perfar• STJIS 
CB40 52845 Prouss b•d incut D475 !54389 Calcula t. strino vtctor 
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Patel>-lt .. lrlllld9 1he VIC Pae- 1>-11 

H .. Ded1111J fo.roction .. He• Ded•o.l f...:tion -- ---- -------- --- --- ----------------------0487 54487 S.t up string 
DAE2 56834 Multiply FACI by lt D4F4 54516 Build string vector 
OAF9 56857 Const .. nt te 1>526 54566 Colltct 9arb1ge <m11<t room for çfringl .. OAFE 56862 Divide by te OSBD 54717 ChedC string collection tligì!lility 
0887 56871 Divide F AC2 I N •orr 1>686 54798 Collrct çtring 
D88F 56879 Dividt N mory I , ACI D63D 54845 Concabno.te string 
0812 56182 Divide F AC2 I J ACI 067A 54986 Build string to mtmory .. OBA2 56226 Mtniory to FACI D6A3 54947 Dlsco.rd l.SIW&nted string 
0907 56247 FACI to lltJOory D6DB 55893 Clun tht descriptor stael< 
DBFC 56316 FAC2 to l'ACI D6EC 55620 Perlorm CHRl .. DC8F 56335 JACI to FAC2 1>788 55848 Ptrform LEFTS 
DCIB 56347 Round off F ACI D72C 55884 Perttirm RIGHTl 
DC28 56363 Gtt 1ign 1>737 55895 Ptrf orm M 10$ 
DC39 50377 Perform SGN 0761 55137 Pull string IW'""'tters from stm • DC58 56489 PtrfoNt Al3S D77C 55164 Ptrforn LEN 
OC58 50411 Compue J ACI to IMmory 0782 55178 W. i t string mode 
OC9B 56475 F ACI to introer 0788 55179 Ptrftirm ASC 
DCCC 56524 Ptrfcrm INT 0798 55195 lnput byto par .. mtttr • DCF3 56563 ASCll to J ACI 07AO 55213 Perform VAL 
OD7E 56712 Gtt new ASCII dlgit 07EB 55275 Gtt POKE/TJAIT par .. mttt~ 
0083 56755 Const.ants D7F7 55287 F ACI to integer 

• 0000 56797 F ACI to ASCll DB8D 55389 PeMcirm PEEK 
DFll 57115 Mare COl'ISUnts 0824 55332 Ptrform POm 
OF71 57281 Ptrfarm SQ!I 0820 55341 Ptrfcrm WAIT 
OF78 57288 PerfONll .. panentiatian 0849 55369 Add l.S to FACI • OFB4 57268 Ptrfcrm negation 0858 55376 Ptrform Slbtractian 
DFBF 57279 Kart <0Mt1nt1 yt t 086A 55482 Perform addition 
OFEO 5732:5 Ptrform KXP 0947 55623 Complrmtnt FACI 

• E848 57488 Striu .valuation 097E 55678 Ovrrflow 
E98A 57482 RllD ccr..t&nt5 0983 55683 Singlt byte multiply 
E894 57492 P.rfore RllD 09BC 55748 Flo&ting point comt •nh 
E261 57953 P.ttorai COS 09EA 55786 Ptrform LOO 
E26B 57968 Ptrfor• Sl Il OA28 55848 Mulltply F ACI • mt11ory 
E2BI :58833 PtMor'm TAii OA38 55856 Multiply FAC2 • FACI 
E200 58877 Constants far trlg fl.l"Ctiom OA59 55897 Multiply a bit 
E388 58123 Prtrform ATN OABC 55948 Mtmory to FAC2 
E338 58171 Constant• far A T N OAB7 55991 Ad.iJst F ACI /F AC2 
E378 58232 lrùtializr RAM v.ctors OAD4 56029 Undtrflow/OVtrflow 
E387 58247 CHRGK T far ztf'O p&!lf 
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---
E3A4 58276 lniti&liH BASIC EA7E 68838 Set st&rt-of-linr 
E429 58489 Hns&gH EA80 68845 Cle&r acr.•n Une 
E44F 58447 Vector lnitlallzatian Il EMI 61865 Prlnt to screen 
E467 58487 Warm Nrstart EAAA 68874 StONP an acr.•n 
E476 58582 Program patch aNPa EA82 68882 Synch colour to char 
E4A8 58528 Serial output • 1 • EA8F 61895 lnt•~ <IRID 
E4A9 58537 S.ri&I outp.rt •t• • E81E 68198 Check W.yboArd 
E482 58546 Get u riù ~ l dodC ECH 61416 Set t•xt llloM 
E4BC 58556 frovram p&td! &NP& EC46 68486 Keyboard vwctor. 
E588 58624 set 6522 addrs • EC5E 615! 8 hybll&MI Il~ 
E585 58629 set llCrHn limiti ED21 68785 Or&phics/t•xt cantrol 
E58A 58634 Traci< arsor locatian ED31 68721 Set gr&p.ics ~ 
E518 58648 lniti&liH 1/0 EO:IB 68763 Wrap up 11CNP•n Urw 
E54C 58788 Nor1oalla ICNtn • E06A 61778 Slllfttd klty matrix 
E55F 58719 CIHr sct'91n EOA3 68835 Contrai W.y matrix 
E58 l 58753 Ham• arsar EDE4 68988 Vie chip clHaults 
E587 :58759 Set 5Cl'etn paint1rs - EOFD 68925 5'"tn llne adds low 
ESBB 5881 I S.t Ilo def&ults EEl4 68948 S.nd 'talk' 
E5C3 58819 Set vie chip d1ilult. EEl7 68951 Send 'llsttn' 
E5CF 58831 I~ fram kltybll&MI EE I C 68956 Send contro! dlar 
E64F 58959 ~ from SCJ'W• n • EE49 61881 s.nd to Ul'i&I bus 
E688 59864 Quott !Uri( ttSt EEB7 61 Il l TiMout an wri&I 
E6CS 59877 set up llCNP•n print EEC8 61128 send listtn SA 
E6EA 59114 Advanc• arsar EEC5 61125 CIHrATN 
E715 59157 Retreat cursor • EECE 61134 S.nd talk SA 
E720 59181 Bad< into pr• viCU1 Un• EEE 4 61156 S.nd uri&I d•ferttd 
E742 59282 Output to Stl'Hn EEF6 61174 Send 'Lrltall<' 
EBC3 59587 Go to nrx t line • EF14 61188 S.nd 'U'\llsttn' 
E808 59688 Do 'RBTURN' EFl9 61289 R• c• iv• fram uri&! bus 
EBE8 59624 Oitd< llnt dtCNllltnt EF84 61316 Ciocie linr an 
E8FA 59674 Oit d< lint incr9m• nt EFBO 6 1325 Ciad( llnt off 
E912 59666 set colo.r cad• • EF96 61334 Deuy I 1H 
E921 59681 CalDU' Code tabi• EFA3 61347 RS232 und CNMD 
E929 59689 Cad• canvwrslan EFEE 61422 New RSl32 byt• wnd 
E975 59765 ScraU SCNPen F816 61462 B rrar or quit 
E9EE 59886 Open space an scrH n • F827 61479 Coollput• bit courrt 
EA56 5S'998 H on Krtt n linw F836 61494 RS232 Nrtwiv1 CNHI> 
EA6E 68814 Synch calour transfer Fese 61531 Setup to r1c•iv1 

.. .. 
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Il Ile• 0.c:im&I I' i.nctìon --·--- ---- -·-·-·--·-------------·---·-- --·-F89D 61597 Rtctivt parity tl'l'Qr F77E 63358 Fil• li:N'Qr Htssogts 
F8A2 61682 R1ceiv1 oveN'U'1: •rror F7AF 63487 Find ony hpe hudtr 
F8AS 61685 Rect ivo bre•k tl'l'Qr • F7E7 63463 I.Irite t&ll@ htador 
F8A8 6 1688 R•c1iv• frame eN"OI" F84D 63565 ~t buffer •ddress 
F8B9 61625 B•d dtvict F854 63572 S.t buffer st.rt - •l'Id po1n1ers 
FBBC 6 1628 Hlt to RS232 F867 63591 Find ~ecific hHdtr 
F8ED 61677 S.nd to RS232 buffor • F88A 63626 Bump tipe pointer 
Fl 16 61719 Input from RS232 buffer F894 63636 'PRESS PLAY' 
F14F 61 775 Gitt from RS232 buHer F8A9 63659 Check cassette shtus 
Fl68 61792 Chock serial bus idle • F997 63671 ' PRBSS RKCORD' 
Fl74 6 18 12 Mnuges F8C8 63688 Initi•te tape ruo 
F1E2 61922 Print if direct F8E3 63715 Jnitiatt tapt writt 
FIFS 61941 ~t •• F8F4 63732 Common tape rtad/ writt 
F285 61957 •• from RS232 • F94B 63919 Check tape stop 
F28E 61966 i"llUI F950 63837 Set timing 
F258 62832 O..t .• ta.pe/ serid/ RS232 F98E 63986 Rud bits URQI 
F27A 62874 Output .. FAAD 64 173 Slol'e cha.racters 
F298 62896 .. tot~ • F8D2 64466 Reset pointer 
F2C7 62151 Set input devict FBOB 64475 New t ape character setup 
F399 62217 St t output dtvict FBEA 64498 Toggle tape 
F34A 62282 Clost • FC86 64518 Da.ta writ:e 
F3CF 62415 Find filo FC98 64523 T<lpe write URQ> 
F3DF 62431 S.t fil• vllun FC95 64661 leader write <I RQ) 
F3EF 62447 Abort i.li filts FCCF 64719 Rntort voctors 
F3F3 62451 Rntoro default I/O • FCF6 64758 Set vector 
F48A 62474 Do fil• opening FD88 64776 Kill motor 
F495 62613 Send SA FD I I 64785 Check rtad/write pointor 
F4C7 62663 Open RS232 FDIB 64795 Bump rtad/writt pointer 
F542 62786 laad progrom • FD22 64882 Powerup entry 
F647 63947 'SEARCHING' FD3F 64831 ChecK A -rom 
F659 63865 Print tile namr FD52 64858 Setkemù2 
F66A 63882 'LOADING/VERIFYJNG' • FD8D 64989 lnitializr s ystrm constants 
F67S 63893 S..vr progr&m FDFI 65889 IRQ vtctor-s 
F728 63272 'SAVJNG' FDF9 65817 Iniiialize I/O regs 
F734 63284 a,,,,.p clock FE49 65897 S..ve data name 
F768 63328 G.t time • FE58 65184 S..ve fil• details 
F767 63335 Set timr FES7 65111 Get st atus 
F778 63344 Action stop key FE66 65126 Fl•g ST 

:: 
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FE6F 65135 59t timeout 
FE73 65139 Read/si.t top mtmOl'y 
FE82 65154 Road/ si.t bottom of mtmOl"y 
FE91 65169 Test me mory location 
FEA9 65193 NHI interrupt ontry 
FE02 65234 RE SET /STOP warm start 
FEDE 65246 NHI RS232 so~ncos 
FF56 65366 Restore & f'Xit 
FF5C 65372 R5232 timmg tabi• 
FF72 65394 Hain IRQ entry 
FFSA 65418 Jumbo ~mp hble 
FFFA 65S3B Hardw ... re vectors 

P&94J D-16 ~ 
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• 
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• • 
• .. 
• • 
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S ampl• B i 1:- Mapp• d p l o1:1:ing 

Th• following programs are an tumplt of a mochirw languago 
~. callablt by tither BASIC DI" machlnt languago, and a BASIC 
procJl'•m wh.ich incorporates and usos the routine. Tht m1chine languago 
prc>Ql'•m is duigned to tum on individuai plxels bued on a x &nd y 
blt - posltion possed from th• calling routine. The routine usumos 
th&t th• charactor pattern tibie ha beon set up to sta.rt at loca.tion 
5121. This is ut as an EQU la.be led CH. Changing the l!QU is ali that 
i• necnury to change the routine to uso &nother area. Jt a.lso 
uwmn that the x a.nd y bit positions h.ive bnn storod H numbors in 
th• range of 9- 127 in loca.tions I and 2. Tht upper loft cOl'nor of the 
acrHn is considered pii position e,e and tht lower right is position 
1271127. Location zoro is used u i modt switch. lf th• value 
contalned tht r t is greater than 127, the pixel at tht specified 
coordimtu will be set on. lf it is lns than 128 tht mode is orast 
and the dot will be turned off. 

The BASIC program which cd ls th• plot routine has ' the 
rupansibllity of setting up the scretn p.irometers. Thr character 
••mDl"y ls set up to begin 1.t 512t and the sa-e1n m1mory is !Sft up to 
b19in 1.t 4196. The screen size is set 1.t 16 lines by 16 tolumns. Ali 
of thnr functions are accomplished wi th thr fCll.I' POKE s in line 1 es. 
Th• forrground co!OI' is set at blad< for 1.IJ scrtn positions by 
shtemtnt 118. The screen codes 1.ro pre-initi11ized to t-255, the top 
l•H comrr af thr !5Creon having value e 1.nd tht bottom right having 
255. Thls is done in statoment 138. Stattment 10 and 151 are the 
mo.lnllne of the program and slmply c1.uu 1. Unt to bt dr1.wn from ti'l• 
upper Jeft corner to the Jowor righi 1.nd be erutd repetitivrly. 

The BASIC progr1.m: 

ltS POK!I 36869,295: POKE36864,l I : POl<E 96865,36: POKE 36$66,16: 
POKE 3686 7 .32 

llt F"OR I• 37888 TO 37888 + 585: POKE l,t : Nl!XT 
128 F"OR I = 5121 TO 7167: POKE 1,t: NE XT 
13t r oR I • 4196 TO 4t96 + 2SS: POKE 1, I - 4t96: NEXT 
14t POICE t,128: GOSUB !St: POKE t ,t : GOSUB 151: GOTO 149 
151 JOR I= t TO 127: POl<R 1,1: POKli 2,1: SYS 9ttt: NElrr: 

RITURN 
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Th• m• chine luWJu&g• procyam : 

1 1100E EOU 8 
2 vx EOU I 
3 VY EOU 2 
4 LO EOU 3 
5 Hl EOU 4 
6 CH EOU 5129 
7 EQU 9888 
B LOA H 
9 STA +Hl 
19 LOA ..VY 
11 ANO HF8 
12 LOX M3 • 
13 LP ASL A * 14 ROL +H l * 15 DEX * 16 BPL LP • 
17 STA +LO 
18 LOA WX 
19 ANO t F8 
28 ADC +LO * 21 STA +LO * 22 BCC H • 
23 l NC +Hl * 24 H LOA •VY 
25 CLC 
26 ANO K7 I 

27 AOC •LO 
28 BCC H2 
29 INC +H l 
39 H2 CLC 
31 AOC MCH • 
32 STA •LO * 33 LOA +Hl * 34 AOC I CH/256 • 
35 STA +H l • 
36 LOA ..VX 
37 ANO U 
38 TAX 

.. , 
Pa19 l -2 Il 

Il 
Il 

-
8 • INT <Y/8) • 

RCX..1-DI S P ~ 16• <8•1 NTCY/ 8) ) • 
COL-O JSP • 8 t INT ( X/8) • 
RCX.J + COL • 

CHAR PATIERN Ra.I • • 
A DDRESS m CH+ D I S PLACEHENT • 

BIT POS I TI ll'l • 
• -

LOY H 39 
41 
41 

TYA 
SEC 

42 ROR ROR A 
43 OEX 
44 BPL ROR 
45 BIT *IODE 
46 8111 ORA 
47 EOR 11$FF 
48 ANO <LO ) 1Y 
49 STA <LO> , Y 
58 ORA ORA <LO) 1 Y 
51 STA <LOl,Y 
52 RTS 

BxpUn&tion: 

P•l-8 

I 

* POSIT l !l'l THE BIT 

• 
* SET OR RESET 

* 
* RE SET 

• 

• RETURN TO BAS I C 

n.. scr H n has 16 rows of 16 charaders Hch , Il: &eh charact•r 
hu •lght row. of • ight dots •&<h. The scntn ,.,......,. corrtaim a 
Mq.»nti&I Mt of char ad e r codes, f rom t t o 255. The f irst s ixt ttn 
of tht scrHn codts indt• the character patterns whicil will ~.,. on 
th• top llrw, th• w conli six tHn l'tt•l'fllCing tht p& tttrn5 Which will 
&ppt&r on t he stcond line, etc. So, characte r pattern 18 15 th• 
patt•rn for th• l4>Pll' ltft tight by •ight block of dota and characttr 
pattern Il is the block to the right of th•t &nd characttr pattem 116 
i s tht patttm of dots for tho block bolow it and so forth till 
character patt• rn 11255 which ducribes whlch pixels will be 
illuminat•d in the bottom right cornor of the screen. 

Th• abovt machin. langua.91 subrautiM computes which patt.rn 
corre"'PO"d• to any giwn X &nd Y dot coordinat• . It liso computn 
which byt• within the t ight-by te pattern holds tti• dot in ~JHtion &nd 
which bit !)Miti on within ttia t byt• to t irn on or off . 

Tht Y val .. reprewnts how f ar fl'om tht top of tti• scrH n tlit! 
dot ls loc&ted . Il i t ls in the """"" of t-7, tht! dot is in tht first 
row of char•ctt~ lf i s i s 8- 15, it i s in the vani row, e tc. So to 
find the row Y ...,.t b9 divi<»d by 8 • 
B &eh row of characte,.,; cont&ins 16 pa ttems a cross the M:l'H n &nd n ch 
pattern contUrls t ight bytes of data. So, for t vr ry row, the posi t ion 
withln th• tibie increases b y 8 tilOH 16 or 128 • 
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Tht addrns of th1 app Op! ut. byt1 of 1111 tllbl1 to -ify ls 
built in tht ~ytt fitld label•d LO &nd Hl. St&tllHnts lt-17 
computo 1111 displact mont into 1111 bbl1 dUe to the Y v&luo. Stat1ment 
11 stri~ the low-ord.,. thru blts fro• the Y-v&lw. Thls 
accompliwhn both tht inlti&l dlvision by 8 to find 1111 row-nutllbtr &nd 
th• multlpllcation by oight. lf ,,.. now muJtiply thls 'stripp.d' v&lut 
of Y by 16, ,,.. will g1t tht "row-<lisplace1111nt• into 1111 charut.,. 
t&bl1. Thla ls ouctly wh&t statem•nts 12-16 da. Thl.s ls 1 four-bit 
lift shlft. Bvery tlmt • number is shift.d liftane bit th1 numbtr 
increases In val1» by • fo.ctor of two. Sa, • four-blt shift ls a 
multiply-by-16 ap1ratian. Noti. that th1 carry bit ls th• 
communlcation bttwt•n th1 twa bytu of tht shift aperation. Tilt bits 
which com• off th1 ldt of 1111 A-reg get shlfted Inta th1 byte &t Hl. 

Tht X val1» tells us how far into tht row we must gota get th1 
proper charactor within th1 row. An X v&lut of t-7 wauld addrns th1 
first charactor w!thln the row. A v&lue of 8-IS wauld address thl 
ucond, 1tc. Dividing th1 X-val .. by 8 gives tht charactor positian 
within the row. Bach character hn oight bytn of infor11ation 
usociat1d w!lfl it in tht pattwn tahl1, so we hav1 to multiply the 
charact.,. pmitian by t ight to get thl dlsplacH1tnt into thl row. 
Stat1mont 19 1fftctiv1ly ucamplishn both f\.rdians at thl u mi tift. 
lt strip• tht ID'W a d1r 111ru bits, which is !ilei lhlftlng riQtlt tt.r.• 
bits ldlv!&lan by e!Ohtl then shifting back lift •g.Un lmulUplying by 
1ightJ. Thls charactor position within tht row is addttd ta th1 •r-
displac1m1nt• previausly computed bued on th1 Y-v&11» . Th1 result 
gon b•dl into Hl-LO. 

Next, th1 byt1 w!thln the char1ct1r p•tt1rn must bt colllpUttd 
and addtd Inta tht d!splacement valutt b1ing bullt. lhch byte within 
th1 charuttr pattern d1scription dtscribts a diff9rent row of blts or 
pbcels on th1 scr11n. Tht Y v&lut cantains th1 row !nfol'matian. In 
fact, th• low-ordtr thrn bits m&y ti. Mtn to be tht "charact1r row' 
v• I... They may ha ve tht v&lue of 1-7. Ta s trip off 1111 high-ordtr 
bits, the instNCtion •t st&ttment 26 is 1mploy1d. Thls vdut ls then 
addtd to th1 displactment. 

Now, in 1tatr01r nts 3t-3S, the address of thl start of thl 
ch&r•cttr p&tttrn tabi• is •ddrd to the displac•mont within lfl• tabi• 
to gtt tht addren of thr actud bytr to lltDdify. 

Tht anly thlng rem&ining is to get thr actud bit wi111in thr 
bytt and t lthor tirn it an or off .,. indicat1d by thl mode swltch in 
loc&tion t. Tht low-ordrr thrH bits af th1 X-v&IL» '""Y br consid1rttd 
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th• bit-posltion. St&trments 36-38 strip off tht high-ordor bits &nd 
tl'&nsf•r thr va!L» into tht X-rog wh1re it will bt used as • cD1.ntr r. 
St• tr1Hnts 41-44 shift thr carry bit into th• A-rog. Tht carry bit 
wll.I end up the wmt ,_..lllber af bit posltians from tht l t ft u tht 
vllut creat rd in tht X-reg. This byte con now be usod to modify the 
byt1 wo havr ~t computr d tht positian af. Tht BIT instl'\lttion tnts 
th• high-crdtr bit af lac• tion t to so1 if • set or a res.t of tht 
speclf11d bit is requirrd. Jf it is • reset, tht bits in thr A-rog 
are flipp.d so thr AND instl'\lttion con Ht tht proper bit aff, Recali 
that AND nord• zrros in the bit positions which nord to bt tumed off 
and ann in the bit positi~ which need to rrmain unch&nged. 

H a "sot' i• rrquuted, thr ORA instruction wlll accomplish 
the deod. Fin&lly 1 wr reh.rn from whence ,,.. W91'1 cali ed by tht RTS. 
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Altern&t• Loa d Addr••••• 

BASIC Pragrams m&y bt rHdily load•d into any pi•tt of RAM 
l&rge tnough to &ccomodatt them. In fact, many diHerent BASIC 
programs may be in memory at th• ••mt time but in diH1r1nt placH. 
Tht program which is •current• in tht system at any on• timi is the 
on1 which is pointed to by tht "st&rt-of-BASIC" polntor •t 43,44 . 
Loading • program into an alternate location is simply & m&tt er of 
changing 43,« to point to tht &ddrus whtr• you wlsh the program to 
load. 

To g•t the program to RUN in the &lt1mat. spoce r1quirts an 
&ddition&l optration. Th• byte 1mmrdi&tely precHding tht program 
load addrtss must have the v&lut "SU". Without doing thi1, RUNning 
tht program will product a SYNTAX'? ERROR. 

So, th• procedurt is: 

POKI! 44,xKX /256: POKI! 43,xxx-Pl!EKl44!0256: POXE KXx-1,8:CLR 

lol!lore ux is the addrtss you wisn to load the program into. 

Wht n SA Wing a progr&m, the entire mtmory space betwHn tht 
•dd'OSHI &t 43,44 • nd 45,46 will bt SAVEd. lt is thus possiblt to 
SA VE multiplt progr&ms •• ant l•rg• mrmory load. 

lii 
lii 
Il 
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U PGAADE OFFEA 

Th•r• are thre• upgradn posslble to th• standard version of D1v1lop-

2t. 

11 you h•v• a cassett1-bn1d version, you.may oxch1ng1 it lor tht 
dlt*ttt vtr5ion. Tht dis!Wtt 1-bu1d v1rs1on supports Assembly and 
lOàd moduli filn on dlsl<ette u appostd to tht cusettr-bnt d version 
lol!lldl wlll only s..ipporl c.swtt1 liln. 

Tht extend•d- fut....., vers1on requirn &t lust BK to "'-" !minimum 
1xpa.ns ion memory of 3IO. lts m&in benefits &re th• ability to switdl 
ralridly betwe•n l!ditor &nd Auembler modes without having tosa ve the 
Asnmbly program then lo&d tht Anrmbler which thtn wlll hav•. to ~·
lo•d the AsHmbly progr&m. Tiit Kditor 1nd Assombltr art comb1n•d into 
ont program. Tht othtr futur• provided with the ex tendtd-f1&t\.re 
version is tht ability to dirtetly POKI! the machlnl Jangu.agt out put 
from the Assembltr into the VIC's memory wlthout having t o u vt it as 
• Lo•d modulo for ~ by tht Loader. The POKE option is 1dd1d to 
and dot• not replace th• SA VE fl•t....., of th• standord v1rslon. 

T!le cast of the 1xt1nd1d-fut....., upgr•d• is tlt .tt. RS-232 Printer 
suport is 1vill&bl1 with tll• oxtended-ftan.r. ve~ion for &n 

addit ional t5.ee. Tht disK version upgrodt is ss.et. Ali futuri 
aptlon prices .. ,.. 1dditivt. So disK &nd exttndtd ftaturu &nd RS-232 
I• s2e.ee . 

To r1<tiv1 the upgr&des, you nud only rtturn th• originai cuutte or 
dl'"-tt• along with your chtc~ or money ordir <U.S. Fundsl or VISA/HC 
numbtr/ expiration d1t1 • 

Fre nch SilK 
P.O. BOX 297 

Cannon Falls, HN 55H9 

Il you do not wish to t&i<. &dvanhv• of tho txch&ng• oHtr but would 
li~ to b• on tht mailino list lor future products, nnd us your nam• 
and address. W. will be h&IJPY to include you in our fui....., mdllngs • 


