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PRETA-CE 

Corieca-ion" was written for the average assently lard:tine 
Et I. net a beginner's introducton to rracrci.--rocitcsors In 

›..? • c.10.7-otszor of the Featuros of the 6E09 and a reference work 
•-•ar --e  ;rt.:re-:raw in parttrutar. 

r 'r  bat"; it tecorrano (rare and moro ierportant as industry arid 
wymociary 1-.0-irs on tip tettroo 1..rep.hicticatod ndecereanicesw Tandy hey."' 

cod, the TSR  color corrpvter Paced on the 6039. 
ae cetsen a te.42./{ «r? ccirtination for their Micro/main 

"CET z-000.  680'z card, -The Mill% has teen mile available for the 
foe>. end Apply them:y:4,4.N arM runo.inid to be worland en a now 68000 
:ase: syiterh. 1.fith the big tP,re  of pereen•1 /imputing leaving the 

trer.ind. te-e mist be serrethln; good about Motorola's 
w-oca.cts 

7.-e early il'aptrrt+ cover the elementary etail of the LW? and its 
wt./my-el, lanpuape. Litre chaster:. deal with moro aleanced topics such 

elrrn et haeldling aed pros, aintr.ing style. Chwoter %even a5 &Klee 

zor  ‘,$00 pro7yirroiyr r•wwling help in C M% yrttelg rsrograins to the 64re). 
Alt-e...cri the sutixcet of this book is tackled (reela prcgrairtr's point of 
..aw a briEf exadotratice of some ca-rinn ht-dware tAing the 6809 It 
esie-, in chaster °Lett. 

tave attenpted to tridude in one toei as re..r-Ji as possttle of the 
1 atz-seation that I LO Lr. my own everyday prcgramesing of the 4809. Thiii 

• difficult task in the in orityr to to.irp the heck to a reascrable length 
run. cif thy Cerinut, are vzOtt.: Al% ta be etc heedi the, rittUng m eans 

t'lt text frustrating to the beginner and expert alike' My selection of 
i-x4e-tant items has been guided by conshderation of what a programner 
.ee to pro;raeming anotricr machine 4,.›..tlit reed 10 knew to recoeirw) 
-.et wee ...„„focial eheui Ihro 

1 

'ii s text was pyrDared using a co7b:sation of the follzw•-hg equiprent 
ak: sc-ftware: 

WET'  liflflf/ f.11.1D1. l!C TD1 Kier*, ctte ‘r» 
MIX te. REX riSTIY. 1R' ID1 f‘''''XIE970111Ii01 

73* PSI'S13" 
14-WY TM f•KCEE M 



e CO:1TEUTS 

Pejo 

7.,-  DE 1 Itir-UM:r171 ro MC en   1 
iatt 
tat   2 

I> Kill    2 
[zet2rese Poet or t2ic    3 

C%fira. reo: CtSTtR àf) 
t troçrpetrn rh".•1   
Pe &err teats A, 

Pn! PLII.vte'ItiP   5 
[-nu Fegiçtc•-; X, T   

De Ste, Pointe: 11, 5   6 
be  «I Cottle* PC •   7 

1:•ie CoNi it ton Ccrie fkaliter   
*rtt\.tj  4 tr.)ct,1tktt C c   e 
is? CarrItttri, C01, P.,,jvctre irM  srrh lferticture   
KO AritMotic onri  OW ter, PIN   
Apteer Peat rezi  ti 

CePriii ili a:  (tfelir,  I* 
vass of àiluvr,Ing Iteorl   
451•QQ:lnq itylec ce 6EX?   
Ittb••.‘11.   
sico.re.iLiter   

 t3 
Direct Peel  15 
Iirequt* rl 
AriAtive   
Cm5Lint 

Acoeuter Ireirmel  t5 
jtoIrernert•-rIfecrreitZc [Met i•ift*.y1   15 
rtriCort   tl 
troll-loci W arfel  t5 
Crinteit Dfrut  Intirrct  ti 
kotr.ilato• Iroiryte :re...1rett  1.5 
(*no irryerefeiretrreek, 1•cNiart•tt  ti 
Panic() IMecTeket Wit   
PC PPIRtiv•   
Erricierem  12 
Collnq  11 



• 

DWTt FTLF::  Tit 7,%S".v.CrI*1 
iterevirticris Lésée   
«9 (aerati(n Grin   
Ir«Seed («Jtcs:ina nves titra  
Staiirri Qiiz    
OEsdi C'c' 

OeTER FT C 
(nierrcett 

Df1I11-1..t f II7•01A"  

site Internet, 
scr., Fre els Diterrert 
Fri :.ter.ot ;ecest ellg7)) 
Irterrart. 3:ecest GI'S)   
Scfrwrre Intcrriet‘ 
Irecertut feIrted Iretr:ctidri.   
Wee: co Interns!: itirri...srp   
Ce•fal Eursidceiticro  IrCerrivi fracrowim •  

W IER SLX:  itteittilie 
Efficiency ce Eleprce   
Sti.eti.r 
Eleialt PT.: W en: el   

Pecitioi 
told.r h.:v*9nm   

1r-Ertret, Co.>.   
leeil. Metal re re-orres Str.re   
frliciers   
rcecitl Data Ted-c Ira- r.: r.1-0/...4.trstcr%d kr m  

ov1i fEt114: Caarmc eu M elt.; 
struie(d f0f4 Instrtenins   
Th Ser.tet St e.   
Cerlitinn Cedes are Erxcles 

ftre ard ltr.ee Pror»ri   

teettà e.f Cade   

Drl 1i CICA: tire EASE0 ireflITER SfSiDi; 
Ire K1 firs   
b.:ceded 'femurs - Zh« tr.! Eus   
fa* Perl Preicts   

SA Ws   
SLU M   
SureStarriahl Dr.e: 
fin' there   

FIEC   
ULFLEX   

1' 

64 
64 
1,7 

 71 
71 
71 
 73 
71 

76 

 ri 
77 
78 
73 
7.1 
711 

El 

fr.crl   
Seftwirt Surf:tiers 

e 

CltAfrtER OKE  - 
1.1.-TRonucrtcx TO :RE 6E109 

1.r Pest --str=recessors were detigned  replacc_nents for the large 
effloar.-:  circuits emolcree as control devices, in for 

cza.fsz  «.eçuseeers. Tray hardly resenbIrd conputurt at all 
Int tie • eirt-Ii .c e mainly teed by electronic engineers and inc-  ed by 
spar-s-rveTv- As trey dc-ielccied, the early microi rue diffinitty in 

•arly incarnations and so tended to be odd mixtures of 
=cçii1 rc and process control Cericet. The difficulty we& 

->e• anger  re.i.Tiefacturer had intreser.ried • processcr that was as. adva-ced 
tre.nr.:̀.agy bip ed allow, trey later found it difficult to produce 

• •-jr. C ey  davt:e. 'Dub w4,4 beratme their exicti.hg o_rstaners were 
AZ- Tel...cr..1 to change to a new device. Thus the idea of upward 

was in t redirsd. 

ce maktnp ampler ly now dev1c-i, cantrf act urers would 

aier.-deee isohoti.eas consleceablyi their early rafters by addle"; new 
z..e_-res. CIS custo-ers  make cr-e of these ext«..ersiens es are e•Pen 

:"tw: Lewa,d corfmtlhility approach' rrearys that, alttnieel 
are possible, it is imp0..siblo to Cesign out an early fsult 

seler-scor-_-,g, A typicai examile of this protlem it the Ef.E0 family ci 
E030 is a develcpment of the very early 615013derice 

rs siill very popular. Tc cvercore its limitations ilog tritrcescce 
T-e MO ....se% creitairied all of the Features of the Ete.0 plue. a lot (Mere 
fec  oritIderce.1 to be a very powerful micro. filasseeer the no 

='0.siff.:»ed tu be tr.) best ce a bad )ct. In cIte, rward, if the Z9) 
h4ve to Lintate the very eima”,.,fv1 060 It cr.4.:d be a es.cri easier 

r:  ard more powerful dev:ce. 

Y.c..1PTOla ca-.7c to the rmcroorcces:sor neri.et ratter later run INTL1. 
vie ;:elognod tleir first microprocessor with a great deal more care. The 

prere.K.t. the 6300, seerree at first sight le  powcrfal th:n its 
r.--rect mrreetitpr the EXe0. It had fewer resister5 end *retried * lot 
azetlar. licweec-r both cf the w Apsistront fàillnçt contributed to why the 

is powerful. Each one 01 its ?.4n all  nu-sber of 'register's Nid a 
de,Fined usaae are its instruction set reflected tee:0 

f--rct_ions. In ether words its aritZtecture was weU thc...sht mil. Other 
recscrs for the 4ECO't popularity were the enstenre of à wide range of 
cenzheral chip«, for vario.rs input/et/UN-It functions .rd a rms.. of weLl 

...TO ten dco..eiontaticn, ii.ath making system del.ign tirrple. 

re el» Ned A nureor of 1.titatort sr.K.h as the 6-'5xx range frcm )4C 

TeoTnc:ogy tut 144.ntcroleis own impreverrients re=acned on the fires of 
i. al oepose versions of the 6000 ratteT th. uN new device:. This again 
ref:bets the cocci initial design or the 4E00. It must te adrittec. 
howineer, that the 65xx r e has teco-e better known than the rem 

boc.tece the 6502 dc  has been used in a rr.rniter of personal 
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ccatiputers en> PET. VIC, Al"PLC. SUP MEOAP.O. ATOM, etc. For anyere 
to the ss m the .6.1le2 15 a very pour rtectre, from the point of clew 

of ease of use, and the ma tra.] sncrease vi rawer ic ebte...hod at a vary 

tugh price. 

Tilt f.S..7,9  

Even though the i.tilo) was well dprii5ned, inteiyeatad CJû t teCinitopy 
:caved en and it becaine possible lo prolvai M U M  powerful propasscrs. 
The 4,4X"c) h44 A nurrbur 0  Qflknown design cif riculties  cely ciee. etlea 
register, r d:rect transfer from acaxiculaters ta index re;ister, rot 
rvicugh aittiressing moles. no sixteen bit 4,1thmidst. incomplete test and 
mrnoore cenn.aneS on the index regtster etc., etc, In Answer to criticisms. 
Motoring prodursul trio 6-Eee (In lç90> as its first real alternattee to the 
airli). It was not i rd roaripatible wtth the 6.900 tithey-A.1.11 sense - i.e. 
pro;rarn wyttten on the t.-.1b):1 will nut run on the E.81:e - but it is clearly 

related to it and anyartofii ar w:th the {rib » hei  Itttle dtffIn.lty in 
using the re., Genre. 'The !derider:I 69)0 re;isters are all present A. Et, X 
hen S alo-.; with the much-wanted now init.): register Y are a pew stacrc 
pointer tr. trew irstructioris naee seen added along with many new 
:#d.re ir.;  Sae.; ad the i8i7.4) instructIons are nu Icruer Aveiletle 
rd the ofieratton cedes of thrice that are. arc cifferrot en tre 
Ho4s*v.c,f. because cd the similar architecti.ee of the 680Q. any 690.3 
prcgrAmc een be converted freri r.o.trce code very •atilv (see Captor 
seven!. 

The ex o )5 a rineriprrestor suitable both for larçe systems. d4ta 
processing, 1,:gh-ler.el languages etc. Anti seall scale erDilite.S coritrol 
applicaitiocs. Ilia reason for Vitt. ability to crçe wIth both types of 
problem ts the unique mixture of sophisticated features. s.r..-h as the 
seared stark pointer and the ability te push or pull register sets ante the 
stack. end tre attention to basic deston features, such wt. tie preset:dart of 
a fast interrupt line and the direst page re;tster. It is probably true to 
say that the success af !toe ¿e V arocessar ti, due t U being a 
saphisticatee device that hasn't forge:Ulm cane citrate clorcerosentor 

necessities. 

TIlE eiXt2 

The ererce-em ce lictorola's plans far the teblit) rrncrcrerece<6cr 
hat tended to avorshadaw the t.Ell9. So ri.ch has bean written about the 
et)» in th, pepular crrçuter press concerning how powerful It is tre1 
whet her cr root it ts within the limits 04 the cu-rent teCrology, that the 
Fin t that the éerii, in use in all carts of setters rat taken a tack seat. 
The eci:e ta, or will te, a very pcweeful mire. In Fart it premises to be 
:laser to a mini or st small mainframe vomssor. With the pron.:se of the 
f';•rst of the true sixteen bit processors on the nortion at right he 
dtffIcult to see where the 6909 Fits into the Ft/tUre. Will the cherr epeer 
to the ¿E09 be short-I wo:, followed by a changeover fb tre m)r For 
sane L/SefS trliG 1.diU be the case. but for the majority the 69))0 
probably be tan powerful :re too eleer.tror  stAndard applications. 
After all the 6fi), tr. still with tes 

^7r PrIellt or "ME Verid 

et"-r :I:fir-bit to say her.. 'powerful' 4  Intcroprozessor is. It 
= me% ..' ..ch cm the epplii.eticn to S.1 n:I tà the processor is to be put. 

staricar: way of cor.paring conputers is to u.ci .0 "terictreark". A 
pe-cs-ark ts a stab:pen cu. I progrem that can be run *n a t.:l e of 
=ee...ele-• cc that their performaree can bc (̂ea.:tared. The th.jba4 that 
arer-ess  &bete the way the be-‘stimarks run are varioi.c but include haw 
der et  trert the •orealting roe* n. how simple the ccee l etc, 
rs e r-x.ele .4th benctinarks is that they can be can. misleading. IF you 

partscular tercuter look geed, it is alwity. posstble to 
i›.-c a si-eclen trat it tutees factor. oY In a sraller space than el), other. 
rse ii sader;Jard aoalhat this cart of !nibs Is to average the results of 
• •-..ze rar•ze of benchmarks. Of ect.rm. this doesn't imply ttat the 
=eir...txri trial ce•ferins Well liver 4 wide rar.ge is the env to chef:4e for 
«ewe tart:a-ear very cpecelised application ' With these corrinents in mire, 
'tar are gi-0.4 the reletree speeds (Cr scire pcpular preressars fer a 
,a-ze e  bertCynarks. It is also inportant to cerrçare tIc soreis with 

sextr...or. ervaite their tugt-r-leve: Jen;Jaaoc.  tv.,D Dives 
of a ',tendon, bendynark on a range of pm:longs:es indueir.; *acme 

eam-è cercentaie rof.rrib to tre 4.e•ago arrixrit of the terctr:arks 
tee.- ;rocc-csor completes feet th the f..?,t e as iCefst. 

Table Two 

Prcer,u,  Pran-ver 
TfS.-P4 t 1 IT "'Ante 
lIlt i,04•",:tr 
Lt ; !1›: 
far LeteAt: 

Assen:ler-om.inde• 
isstreltr-e.reit 
171/142 

,.71?  f to c Pm-01 

ttn> 
ih 31a f>c 

rec 
oh 17ti les 
lin 
Ilir  tes 
ée 
ra. 

Ds, 2:4 
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CRAFTER. TKO 
REGISTERS AND OPERATIONS 

•  The 6fil? has relatively few registers when cum:Jed to a micro such 
as the :el) but each register has a well thought cut function. As wt11 
teinar'e clear later, tre design oe tre 6809 was infltweced by the reeds oF 
programmert rat he'  hen Vetut was easy to fabricate on 4 single chip. For 
a prograntner. corrçuter erchdecture R abb.it what misters and 

• operaticns  on a given rhichtme. 711e re,̂isters can be of three 
t‘rpos 

Accurulators - for t.tr ying cut data ranipulattcrt %minas arithmetic, 
logic, etc. 
Address soiree-ea - for pont reo to eves of meedry and manipulating 
addrestos 
SlAtv; rslicto-a - .fo• odic6tutg tr.»: paeteuture condttion of tre _ 
roadture. 

7:•••• ze-Ic E -.1;:lcor..•••• eight bit general pt.x-bose ano.m.datort. capable 
-a- ma n  L Y - and logic calculations. Teo usual form of operation 
saaer..erre 4 C4r =e) Iscatio-. and the CIA.rt.nt cuntants of the accumulator with 

i'-ene bnee Ur: in the 'in"' e t' "leaf.. The rprgo of cperattons available are: 
Nuieur , scige=r Cr wItti:r4t Carry1 el,C117111  iticn via a CeCifil.il *ape 

1.4.CtraZtIC•1 twith or witicut borrow): titnavy negation 12'4 
-mouraveree---X ormzal Aldition va a doarral adpst instnetion; M W; c» NOT: 
!AO& 4,--tnathet e ic-C logical shifts. l"tir most remsrkabte acia.rnulator occration 
Ar a  J Um,  ue i &itrisigree  elttoly. Thts instruction maltiplies 
" IP  ir.--z.rs.taters icgethe.r are Oa = the answer in the 0 register (see 
eras.. :e ?arera:  1. and B registers are identical and rn,y be used 

St:1.  7/ 4.  exreptions to trItc rule arc CDA ideas-al *dint the A 
r. Al3X (a::: the D register tn t hr X index reister). 

In real martones ne: all of the registers fall clearly into these types bt.1 it 
does help tu knuw if a register i. r-cre like an aeo.imuLator than an addres, 

Painter. 

I. PRODRAtIttleD   

Fron the progranrnera° pCLit of ',view of the 6E09 thee are five sixteen bit  ""--r•••-•"• itenr PrOISTER MP'  
rwgistees and four eight bd ragistore., two of which can be tried as an, 

additional hi:leek...Da rer.isIer. These are:  ptqii ragister la a single eight tit register which is used to 
sert». e•ds .;;ht to Fiftwan in dired peed addressing 'see - addressing 

Sired page register is cleared cc hedware reset. Cnly trcur 
ires:".carra can refer to the direct page reptster:- PUS/1711L and ITTVEXG. 

lica:rti set cf cporatiens tr. perfectly adequate far the uses to which the 
.6c.-ex• saga  it. put. 

a :rte.,. 4'sCIN tYrs;aGOG the power cf the é801>considererly is the etbibly 
• Jae tne A and Si registers a; ce,  tixtean bit atcorrulater far sore 
mareacieres. r?›.: is referred to a  N the D register. and t s fanned with the A 

I.* nest significant byte. The rah>, of arithmetic and ke;ical 
•-.41  the D reoister inch.des; sixteen bit binary addition; 

la me:  subtrAdion; sign extended: sixteen bit CO-•pariC: atid tre 
pahar...  exena me te.,1  coorstIcris. No looical cçerations or shifts 
ar-e e-er_lacleg t D reg is t e r. 

MC111,X1 
!Mkt 

¡Mee 

ttgr St e. P:i nfr 

hatter( steis xis•trr 
'rev>, reseer 
actusrleor 
imerflatrr 
actle..tlectir 

direct race rensik-
errlition r  rellste 

• L ae:us.latersl 
FICI TEEIS X. Y  

s-.:ex registers X and T err used in the indexed mode of addresting to 
trecifj. = con ti: addresses in a wide variety of ways. Although cnly the X 

T eeltsiz•s ha w been included in ttds sectian, bath the S and U register; 
al index registers with no restrictices. Tb. r•! eitirl that the S and 

• urItei rr -ntszers have a ocction to thernsel ws is that they have some extra :he register:. can be greuped into two main types - address o 
feptetere 'X. Y.11 and  anti the accanutattars A. B and D. The program counter tirs:-,_cnens wtili males them mere useful as stack peintors. 
dirrat page and condition œ e register have to to treated se-trataly. rta 
painter registers can he Ft.rther ttediviled into index registers z. Y *-ed stati •arrgeC1 ccerettens that can te carried snit cri the index rootsters is 
pointers U.S. We will deal with each type in turn.  'a-ere. when cempared with the accumulators, tut is adequate to their purpose. 

reex register,: (X, Y. t) te Si can te !Dade:4 and steeled, exchanged and 
a•a-sfs•ree as would be crçectcd. In addition there *re * mete' of inçortant 
eceraliOns tMAI 4..re worth separate ecrt-ent. First. the 6909 has a tn.» 
lizreen bit crxrçare instruetion which can be used to test net only For equality 

-5-
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but also for greater than and less then relation:eh:9s. Second. Chi. Cr has a 
Lead  Effective  Address  tnstructiere. LEA. Trite calculates the ei ress 
specified by An tn.»: :re,:fPLZtrtej ir,D OI5rot Ctt•eter Thrnel. ard LOADS it Intl) 
the index register  This Lapses any nf the index repsters to be 
;name...el.:tad en a way that is (Tiara t.ncful for  ressing i er there, 
surple srifIvretie .Irt41 11caJ otieraturris. Fier id:ampler - LEAF 4.Y reins Add 
FCUY to the contents ne tre Y register and store the resi.elt in Y. 1.e increreht 
tt-e Y register by four. The LEA instruotuen is .cry cowerful and deserses 
careful %tie>. The final instruction es ADS. add the 13 register to thie 
recister and  aloes the result tri t'e X reelISter. Ai there la no courralent 
mrstre...cttai (i.e. An n for Ch.' Y relict:1. this i, the only irestruction which 
treats tha iridox regesters differiwitly frern one anctrei,.. Thus, with this ona 
exception. CC.. rtdpx re:esters may be teiien to be identical to one ancthprr. 

THE STA.C.K_ KURITR5   

The sterts peireters are toth sixteen bit registers which Ceti te used et 
irides registers but they !vivo two ertra tristri.ctices P.H <PIJSID and FIX. 
tPULL) ere S cc used Implicitly by a member of other Instructions. A *tee 
buinter is 4 resister' that lc used to held the eddrets if tie tcç of an area Of 
/rumor>, that rai'  be used fee tarrçoe.kry sterage. The dry!!, ref eminciry is Irsaser_ 

Itre stark. Any re;itter Icr eet of registerst can be steer:: tri the .trek by 
the use of  PS. instruct:an. Thau first ditereeionts the stabs putnter ai-4 ther 
stores the soerifird register in tre loce.ttore that the sleek painter m.sdresues. 
and so on until all of the r•-iistiers ha.e been stored. Registers ran be loaded 
from the stack by  P L instruction teach loads the register nee'dFigd free 
trw bratien that the utack pointer A.:dresses and then t-crenierts the stink 
pointer. end so oh until all of the Yeutter, ececifien hew/ been leaded. ry 
example. P.M  A freers decreacesst thoti register and stare the A ragester at 

thei Le non wrcue address ts stored in the U register. MIL U A means lout 
the A repster fruit trQ location trial b adilresse.e, end then incronent U. A uct 
of registers ew7i be coarafed as part e a 1-̀1{ or MIL instruction and they are 
eelat seats- Sracimdcr unsteesed in a cpaanny crdc, (....ee di eter three.). 

The t‘so  peretcrs are NOT leentical. The U stark cennter le ?wedelns 
fee use by tre programmer only. Thc S stack painter is spied by the ee For 
operations other tri m ettiltott PSI4 and 1-11 U. The W.,'" stories tro contents of 
tho Fr register on the S stack when a subroutine >erne 19 execiAsse are leads 

From the S sta h when a r Pttlf 11 from &sea* oLtloc is executed. The S stark 

tr. ne.No used during hard.. ire ani reftue,o interrietc to store the entere set 
cf registers 'except far PIRO whrth stores only PC and CC>. 1-'«acau-aa cl there 
srtditianal urea the S stork pointer is Irrawn au the SYSTEM etsck pointer and 
ttu esserietail stark j; the SYStEM ettAck. Tie U nisi:tee is brew?' a% tee 
USER regtster end associated with it is ttie 1.1SEJi  4r14... 

The presence of :tea stark pOtr.trr% in the- eiii9 M one for the systere are ere 

for the veer, makes the Lidlenentatian iI teigri-lesiel lang..se;es very efficient 
far a mac-Line of the sue. 

hi COUNTER PC 

tze-rite.'r is uses: by the SW)? to paint to the next inutructien to 
be esze...rec. :re PC is more cities referred te inpliatly by bee's' loaded during 
• bt Amen  egm 014 ructir77. llowtrier it can be speed in constant od ket indexed 
eit utedr-Pct CZIri1ar t effet e iesdried eddrasse-rg e'er tempter three?, w it 
sewere sere ef the properties of the oeneral index registers. 

'e n erierrneur_COQESEGli:aff-> 

T-recr. te  coe%r re:luter is a very saeual eigh-t bit register used to 
sees ca-tae, selfcrenaticri ;Lout tie ctato of the processor and results cf 
=er.-see se stri..rtices. Etch bit has a spec:Fie me.ining which v... well descrtbe 

Su Tee:CI-he Carry Flag tCl. is used to stare the carry from additzuns. It is 
esed tz stare the berrow frtkr1 iutitract-Iihr merattrini 9.i.ich as C M). 

w.. 'AK.. It I, eipuird 4% a ninth bit in shift ard rotate cperaticns. 

Zee: he Cr.erfloor Flag re>. is set to a en° ty an aorratenn wedrtie.r.ises .• 
•  t-o's aunelement arltrenattc arerflow. 

▪  Cw-...:TP-ie Zero Fleg Mel is set to me if the result of thi- prevIOur, °aeration 
-es eehtically :era. 

Zef 11'....eatr.o Flag Oil, tc tee mom ‘i5nururent tut <7 or 15> ce the 
eieret  r.pa.ficus narration. Th1/5 a re-datine tieesconelerrent result will 
lazier X sat to one. 

air To..rt The interrupt mask tit CI?. is used to determine hew the proLe. sscr 
...lc-,  to hardware Intnrrcepti 11ROI. The processor will not recognise 
eerier-Lets cru the IRO lire el trite but is set to a one. NMI. FIRM IRO, RESET 
.-c ail cut I to ceo :after stacking the CC regicterl se as to disable IR'.) 

4erarri.etc. Nate that 1 is set after the CC register is steeked. S1412 end 
ezn de net affret I. 

e• • ¡Lee Tree half carry.bit fit?. stares a carry from bet 3 as a result OF an 
in et  aee:!Inti. This bit !c sriee by the 13DA tdeciniol adtusiti instruct:4re to 
ye-err-7 M D addinon. The state tie this Flag ts tint/retied fiellessing all 
satt• -...rt -like oaeratiranc. 

II1L• Sze T̀e FIRO rr.isk (J.>. is le:ie the :RO reisk hit. It it seed to disable or 
rciel't the F1RD interrupt line. IThe F1P.D interrtot line is tletply a fast 
ae=rrixt lee that coos not stack the entire machine state 1.e, the colleen/ 
s.at  of raigisters. Sou-ctioieter five esh triterrLOtG.) The priatmssur will rot 

TIRO interrupts if the FIRO ritssi bit is set Cc ere. ell. FRO, $/41 
• ire M ET an set F* to one. IRO. S/412 and S/413 do net eifect P. Nate that the 
r re is set after the CC register is r.tackel. 

Ea-..;,•.: The entire. flag  if sal to Cr.' treirates that the ireriplete set of 
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reqi,,..dera c stacked as opooseJ to fl subset ITS and C). The E blt is used b) 
tee Errj ireturn from Internet, tnstructicn In determine the extent of the 
unstacLang troevsary. Therefore the current E vein) represer.ts the previous 
state of the runtime, }(tø that the E bit Ls set to one BEFORE It* CC register 
vt4cled during an interrtot lee chapter fiveI. 

Tre CC register.can b» vzcheigod or transferred to any (if tha other eight 
bat registers. Al m four special instruclicns are provided to allow ea 
ccreiticri tcdas ta be manipulated separately. AND2C and CIRCC are restnotet 

ceerations wharf. AND or OR the CC register with the data bra 
following the tnslruction, CWAI (AKA condition cede register eel wet fm 
interrupt) is an extremely unéful instri.ction and can result Ln tire seivirç 
when senicing iflti.ti4 ç. rtie Cit e instruction first AND" the CC rogistes 
with the lata byte felowinç the instruction, then stetics the Pntire marttra 
state and waits for  an int.rrupt. When a Incri-mas1,e11 triterrupt occurs. rg 
Further r-icri1ne states are 'eyed tears roilt.cing the time bet%seen the retoptint 

ef an Internet and its servi=ng. 

Uaing the AlllICC and OPCC instructions, any bit or number or  cf IN 
CC register can be Cot or reset. Some assemblers tracb.aCe, extra instruction 
sud-,a  CLC <des,' carry) to enable the pro;rarnmer to set and reset titi 

qtriZIJt  orkirç oit the data byte to to ANColl or ORed with the CC. 

TN: rest of thi. diaptor to a mare detailed cliecunsice of the condition colt 
register ai t>261 it Interacts with other éE0? (eatures. T!. nevista aX 
orpgrarroipr is advised to 5Rz tfwedo ÇaCtlOret, until after reading late 

chap! airs descrittrs; these feattres  ¡roes. detail, 

API7PM--.7-4_11ill.r[1.1E  CCIDES  

4 
The 680's CC register includes a faro° nyrber of flags concerned wit 

indisating tris, state c;  aritheetic operation - C. I, N arid U.So•ne of there 
fl-ns may ho unFamlLiar to a pro2rammer ed.., to the ber.efée/P, for erairo> 
the SO90 has only the C. N. I, H ard anew flag P for parity. M x, the V flag 
particular is litic/y to be unkneran to most 13080 prograrrirers. A moro dotal1a. 

eTpteutiort of the i.orkings of the arithineitc flags GeOMS in order. 

All a.vithmetac el:or:titers art' carred out to a Iirnits.d precision. Fcr tPx 
8E09 arithmetic is done Isri nne operation) to only eight cr sixteen bite. It 
reerosont neoattee number we mint choose a ainventIca that rrlakon arithrtati 
easy. The  ono, and the one used by the 4839, Is TWO'S CCMPLEMEtr. 
FORM. A eurber in two's cam  Tent form con either te pesitive ainegativs 
7n derlde which, we examine this cost significant bit - if it's :oro ttvin th 
number &poaitive. If Ws one then the nuerber is taken to te negative. If th 
raanber ts positive the reealeing bits represent its magnitt..de. For eiarrpl! 
Olt I is 7. If the number is negative then the renialning bits represent not th 
magnitude bte the lcçlcal complement n; the magnitude Less one. For oaarriplf 
1 1 1 1  -1 not -7: the most sifylificar.t bit is 1 SO teoà, nurber is negative 0,11 
thervfore the marl:tulle is obtained by taking the logical co,deeamt of 1 II 
whish is 000. and eidding one to give mi. The larçest positivo rsanber that cal 
he representee by S bits 15 01111111 or +127 and the largest rvignitie 

negative nurrhor is 100 0000 Or -t2et. The reanon for this odd coding t 
negative re-rnbers is to make the arder relat icrrstops teiwoan negative nYrber, 
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-- e.  Fcr exarele -1 > -2 and 1 1 1  ! 10. Tie: eight tut twa's 
-.seer s,,sten locks 11a tots: 

Imam  

1—  
.11 

11111:11  I  11H1111 
— I --- --.--.--., 

•1 

Merioi,"I? at ;a possible tu carry out arithmetic on two maTIDer:  thi. 
-lore en: ¡et4 result outside this range. For example 124 • 4 :ZS or -12E- -: 

tab,  V nag is used to detect this occurrence. An overflow his 
r-r•-••• I; t.. urry fecal the most ciganifirent bit defers (ran tbe zest 

- i.e. tho sign bit of the rel.ult. 'Tee reason fcr the:.1  tt.it tr.? 
e-vit the sign bit CIUGHT to te i we were doing cur arithmetic to one 
:e rreristori - if trey are the simie tren oi.r result is correct il t-oef 

ziftere-t a e NI:E.0 to carry out e..ir arithnotic to one ertra plato , rtr.J. fer 
1-Irr  Ope.ltie1 where an overnow can occur V - 1 It) C (5.5 mews 

ORI. To orrona,:ise the Aln consider the arithmetic shift loft 
Sr.tftino left is the same a: rh...:ttolying by two so in overfluw 

=aCitatio can o r and this is indicated by V  U (4,1 C. Shifting right however 
ebw sa.-st as divisien by two led GO MO overflow C•In occur are t'e V ;lag is 

ture:erflow tAn crx-Jr and ;has ts :Totted by testing .:cr a :ero 

EREGIsTra atia mh zdini mi u nrtzu 

T--e N.: and V flags are (rostly used by the branch grog.%) of instri.ct  to 
albC.Zit -.Cum a branch should or shojig not be taken, .% branch ine.truction 
.1. SZE - trend% if greater than or equal to -  that the two numoors 

i:›-oarel by we:traction, This m ti.rn 'whet that t'e runters 
eitrer in absolute form (i.e. are posttt.s1 or in two's complement 

te. 120 pesitive or negative) and sri either case the r,.sult or the CC4X1,0 
tà0 :a tscreseated ty the pres_Isicn availeblo. If the result cannot oe 

by the corrpa.,o, then two options are o;)e-s to us - first we can 
erore ary overflow that occurred ear); the compare and branch an the 
Prsszly invalte result - or we can t.ne t.ic information in the N ard le flags to 

if the result WOULD have boarn onnitive or negative and thy: branch 
cear-eitly  if tre result is Ittv.tlid. 

5.re ce the 68 0 branches work with unsigned binary mr-hora ote>d homre ro 
Z.IP•-•-:Z••# ts possible from a conpare. SOCO .ecri. with two's mrplerent 
-. tes and all of those use Hu. V flag to d••termine the correct trarvzh action 
e- invalid result. It is irtoortant that a ee09 programmer is aware of the 
sa.-cle tart the after antheetic operations and avnpar.>: the result eray be 

a signed br.uicei »oration will still work correctly. 

TEMETIC AI M THE HALF CARP.? FLAG 

Althoc e at it. faster ard more efficient to usc two's complement binary 
-..r-bers for arithmetic it is sometimes not veceth convert:-Qde.ral rumbors 
'egad in from a Vroll to binary If only a small arneunt of arithmetic k ta be 
cars-lad out• The answer  to LAP DD lihriary Coded Dersrall arithmetic. A 
?.".D digit is simply the binary reeresentation cf a decimal r11;it 4-9, For 

-9-



eramole Cr:otO z 7. 1000D = 8. 1100 = 9. As crely (cur bit% are required tea BCE 
Clots tan tie cterwe sn ena hyte and hence in ene accutrulater. An instructor 
to afd two n:0 digit% tz twn other BCD digits wctild be an Advantage. Tee 
6SrP however use% the. H flag and the usual ADD In re Mr-U./rt. If two P-itrs of 
valid ECD ts are added toether using the banary add inctri.ction the rePalt 
is not netresarity a pair of valid IUD digits. This is tecgrese adding two Bc: 
digits together tin qive an answer tigger than 9. tho larçest valid I3CD 
The DDA instruction ineeitivi. the result of the ADD instruction .uld the :tat. 
of the if flag to .1,Geril th. result to bu valid SCI) dagsts. 

1111,111Ere PrAlligt-1 In the final sections of this chapter I have tried to 
outline came, eC tee important tornaltits ti binary anthill-Au for the  
.pregrerixpr, but the  reasrr who want% to learn core a t trts top  tc is 
aihei•cw..! to :oak elsewhere'. A useful Introluotion t. Getained 
Guide to Mitroprceoesarc and Coro-siting' by E. F. Stott (Bath- ant. l'?.9;1:3; 
Alternatively. similar information is oivenin Eleenents of Electronics, EccS 
4" bv F. A. Hilsol iltabana. 198Dt. 

CHAPTER TIt PEE 
e.r.,DREssiNG 

;es. 1--eirwirst and easy to use a torctsiter is, ss deteretnead by tto 
1-.wee_z  the range of tter instruction set and the ways in 

reencr: locations cart be ti:eufied A% part of an instruction. The 
*eel  wo-aca riestcry locations can be soenfiel 4te usually referred to 
• — e knoFmsnm ma = of  machire. For the 6809 A good 
.rt ip¡r_z-zze,; Ci the available addressing notice and hew they can be 
.aec at the It- y to writirrg shorter, faster and more trans.:on-table 

le will first examine coma batic con.coots of addressing. 

 M,FtliORY  

epeakiNg. there are two basic ways a corrnMer e2A address 
AS8OLCI"."B and se.s1 RELATIVE. 

L s te addressing 3% the most ebviotis way of specifying where in 
rrzar ?.-hnted be carried art and involvee statirvo the complete address 

=erar.d. “LDA $4b33* rrearang load the A register From the 
kira--e. «hose ecress IS 14533. Is an example of absoluto :::::tret5IfUt 
•  ) -11:A TEMP where. TEMP lc deilned (zemewfuere else in the 
ceaç-a-_-J ta be an address. Absolute addressirç hes 4 nuirtor of 

Et can use mare memory than necessary to store the 
....tress. it can mi.Ja the addreiStin of sequential merrory locations 

as: it makes the relocation of programs (Nee below - position 
roim.ence.--s-ei a cl ef ta . Even ttecr.rgh it hac these emblems it is still 
es. mist frequently used method 3:14 addressarag. 

tee. relative addressing involve; the Lice of a register. known a.s the 
•  -eztster. that i s usod to hold 4 full address, the base address arid a 

referres to as the offset, which is Una mother of locaticrts eerie, 

ID, Cre  efdrCII, that the ooerand location is to be Found. 

Ect- *elute and base relative addressing offer many variations crt 
r̂e m ahl it is often difficult to decade which method is being used by 

;tyen addressing mode. Ha w relative hes trowever role important 
teat rare:. eennon, PC FiLeLATIVE. PC relative is sirrply base 

•rlat.-..e tra m, the pro;ran co.riter as the bac register. Thus every 
ir..tress L PC relatise is specified as the nurrher of locatio-gs above or 
•  1!%w arrant ',acetic-3 that the  erand is. PC relative is often 
-re-erred to simply ac relative addressing and ite Irroortarte is that It 
-awes zroz,am. relocation eay (see below - eesiticti indepandencel. 

r-e final terceot eel-aired for an undeletandun or addressing motes 
ZXDIRECTIOX. If we allow any edresNieg (wee to r•Peafle not qr. 

feCier, location required but tine address of a memory brat àCfl t M-4t 
certaInt the address of the renory location reçuIred than we have 

RE T  addrectifiG.  Although  it  stands  arrolicAted  indirect 
.3.fdressing sg. fairly straightforward if w fate,. it': legit step by stop 



t) 'aced. out the toration specified ty the Instruction trt tre 
umml way 

21use the tzriter.tr. cf the loi-atlen specified in litre one 
a: tr.: addeecc cf tho Incatian thst t  irstructicn refer: to. &dares:in; is 1ki. arxusielatcr adrressirg but any of tie 

nrz,111--c-f - A. E. C. X. Y. S. U. PC can to coessfied. Pee example. 
-  eeT  tren.for the X regtster to the Y rnie•te'r. Ilecavre indirettlen can Do applied to any addressing rums! it con even 

to appliee to indirest addresees, leading to a second !reel of indirection. 
It t: left to tre reader 10 work  where the final address. caces frcm In 
this case ' 'This can be repeated is miry time: as required giving any 
member ef Levels of tnilrestion, ir practioa havevar. indite:lien  rafely,• 
used more shin orce and lrzcott enact cormi.dmrs will not allow it: use' 
more than area and .any popular micros Co nct allow ANY indirection. It' 
may net be immediately obvicus when indtrarricn ic useful tut it is a 
pew. arful pregranirung te.ctrigue allowing pi:ram-oilers to be passed to' 
subroutines and creating the efFir-'ent use cf leek-up tables and 
therefore a deerrable extra ta any coeputer's 

Api rEe*SING_Ii= gESIZ IKE  

Tre tee has tre mast vaned and extensive set cf addressing rhscas 
cf any of the current r icrios. In ;addition. ac far as is pesiible, tse 
addreesin; mod:: are "untf arm aocrcs the  instrurtien sat. Thst is, where 
it makes sense, any addressing merle can te used with 4111 instruction, 
mis cbvicm, irrçlkzty  NOT always tri.e of other macros. Fce exartele, 
pregramning the em usually requires an to the expert vogrammar to 
have 4  hut of which addressing credos can be used with which 
instructlanc. Tes's makes th a assembly torcuaee ir7fe Cli(ECJIt to leant 
than it reed be and the micra less pawerful. 

We will rice wish e:ch cf tra 4 ffl's addressing rtioes in turn. 

This is tria simplest addrussirrg merle. The address of the cperand 
cr.nlained In tte instrixt Son itself are carrot to modified in a.ny 'say. Foe e 
example. «KUL' eneans multiply accumulators A and fl to;ether and plazal 
the are;wer in the D reeister. 

itrtplitaarsat 

Acculailatee addressirg is similar to inherent except that one of 4 
number of alternative register: (the accumutatorr.) may be see*ficd. For 
the 6909 either the A or B (and scrretLnee DI register rewy be specified f.-t 
t=umulatcy addressir.g. For esample. 'INC A"' rre.ins increment the A 

register: ''INC  means increment the I) reeister. 

Z.X:rrnrn 

zsrect extended the sixteen bit merrier foliowir.; the instruction is 
„Awe .s tr,c  of the operand. For rristerIcal reacens the direct 
acre-ess ir. often referred to :artily as extend.< addroccino. For 

'f.TA TEMP' means .ter the A register in the memory lecatico 
-seta asaress is TEMP (TEMP woJld be defined as a 51.11Pon hit number 
seern.,.*ere else in the prcerent. 

siredt paced addressing the/ eight bit number following the 
ese_s_ctiort is taken to te the lower right bits of the address of the 
•  The upper eight tits used to rake the full sixteen bit address 

sesen from a specisl register DP. Ire direct page register. Far 
'ETA $44' means store the A register in the rreanery lccaticn 

e.re, y tXX44 where XX is te nutter stared in the direct page 
-  :ter. Nolan; that direct page rnrrie is tint seecific< explicitly bul Is 

Dy the "Irti of t'-.a address (e el bits'. Wren direct ease rode is 
-se< depend: on how deerr Ire available 6809 assembler Is. A opt< 
.ssereler eAill keep track of the value stercd  ire DP register and teto 
teers paged rf)ods• vetencrwer the address. 5pecirisd in a direct extended 

can te converted. This saves sterage witecut the progra mer tsverie 
s: ..zrry teo (rush. If it is neci.....ey to explicitly (secs) either direct 
•  or dir Kt extended to. then the syneeels  ar< ) are often used. For 

-LDA ($5"..i.f.' means toad the A register frcm $XX64 wto.re XX 
t',. contents of It.e CP register and "_DA )1é6 me -rs toad the A 

resister iron $CCéé. 

ZysiE.D:AlE 

immediate oddressing  the are ce tr.o bytes following the 
r•tructicn  411  used  as  the  operand.  'mediate  addressing  is 
:.---stegvished from. direct by the symbol 0. Tee rra'sber of bytes used 
feeends on the tnstructten. For exa.•rple, 'LL.1A *ice' means bad the A 
srgister HI V 44 ar..1 *LDX*S.14' medec lead the X Tegister  SO•,)44. 
Itstire that the nurnbkr of bytes used depends en te.o sire of the register 

is:smiled in v.* inc.tructien. 



FE? /1113T 
• 7::«f: INDEXED 

Irs relative addrectethg the riled or sixteen bits following the  • 
instruction. the offset. arc added to the o.erent addrets to give Me  1.=_.rsistor inGesee ts 1t.e correant trideired ercept that the crntents 
acr.erestt of the cPerard. The offset Sc regarded ac a twes outoloi ofiett  acapc. ro acrurrtulator A. 13 or D Melted a: a two's oser,Slemest 
ra_irc,er, co SF Ire, offset is eight tits, then memory visthi.n • In and -12f g-111 :«- 11'  to the rer.tento of one of the true extern bit register& 
tyleN of the weren't Location cart be adilressed. Tour. ss known as short like er-!• P7., -batten tteafriress of tra as:rand. Note the D can be used 
relative addressing. If the offset Is sixteen bits then carer,' wtthir  icarr. ;. 1 sixteen bit varlabie offset' t t reteuld be noted thst neith4f 
432'767 and -32'762 byte: of the currant location can te acktre&cerd. This iy•-e, s— leor nor th. lodger"; Yealster are altered by t1.05  e editlr-n  

usually tr.; entire irturrery for a standard r-e09 sYsten• 1t,:,5i knc'en &IL:Z="1 lc re-clorery. For extertples "STA D.X".reans store the A reotster in 
long relative aditressirg.  eeerrs; oi.ven by :idling tore content& of the D register to the 

lanue-rros tf tre X register. 
For the &eZt? relative addrescireg can only be. used us brands. 

instructions (but see below - PC relative). Long relative. mode 
Indicated by an L. ir• front of the. st•relard brarirt instruction. For 
terample. "BRA LOOP' weJld CaU5e a brareh to the remory 'oration whore 
address war. LOOP and if LOOP war. withir. Jr:Jo or rro.n.fre. 128 lo....tlortc of 
tre current addracc &hart relative addressing would bet used. IF LOOF 

.4 

ZERO OFFSET' TrIDEXTZt  

2-  acn•essing redo any of the true sixteen tst :but heist PCI 
be used tn a contant indexed mods tut the anstant MUST 

e" fletber awey them this sri error would be rer-orted by rest e.e:iti tee lie-3. r't re ter chwarn may be followed by one or two p..is QflO 0? 

assemblers. *URA LOOP" wce..2.d have the same effect except that Lori em-r-ixt-1 sp elee cr two minus stons. If ply& cinc are used the Index 
relative addrecalreo would be used and no *from could cer.a. Short relative 
addreccing &eve&  byte aver "erg relative reedressirg and should be 
uned wherp passable. 

e.Carelt U,S1(1?_47eP 

In coerstant indexed addre!Isno a tweo consolement constant up tr. 
5:stern tuts long as added to the contents cf ane of the éE*9•'; true 
otxteen Ott recitsterc (Le. X, Y, U, S or PC but NOT D>, end the result is 
usod ac tea .iddrw%. ci the operand. It should be noted that the irefranne 
register is NOT ALTERED IN ANY WAY - the alittiren of. the constant 
a temporary ere. For example. 'ETA OIX" ncanc storG tho A togictor it. 
the address given by adding IprO te thé (r.nt• MN of the X reg-ister. 'S U 
rnir,s- moans slcuo Iho A rer,i,10.7 bn the address rzwen by odd:'  o tee 
valve of the syrbol TEMP to the contento. or the user stack pointer. 

The ourrber of bytec used to steer the offset dopieidi. on itt 
ragnitude. The 69,9 liéupperti foci- dilatort omstent offset sites etch 
with a different Ittre. tr-41 speed overhead. A brief description to given 
below. For more information consult the later cection can efficiency. 

wren' DT  7Xf  (TM! 'VC  My/. 

M O  Ztta  zeta 
five bit  pro  cre crle 
eight ht  tre tee  cm crte 
sixtrert bit  tie tf,tes  for cycles 
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tens 
-LS to 
-tm to .117 

-=48 te +Ma 

5;71-rifts-I to INCREIfF.NTED cxsce for each plus sign AFTER the 
ts arm:oted. That Ls tee contents ce the index requiter are 

ram as t-et address of the operand ard THE!: I.:segmented. If mimic cigns 
jr,  le,e index register is FIP.ST DECRF-MENTED by one for eacet 

c  T. orLItentz of the reqicter to then used ac the address or 

e.-...earer in the iin4a1 way. 

s- ortant points to reme=ber about !hi& node lc that only a ZERO 
=Perzt orfset is allower. mimic a:goo core IIETORE the snare of the 
re cart rnixter and decrerrentatton i 6.x.se Filer and P>os GiVI; an'e 
.e.7":"-i_-" And ift aerentatice is done LAST. For eearfplei "STA OvX4•  rean& 
.tre tne itroJetulator tri the  'oration given by the content& of X and then 

by cr . or 'ETA 0,x•e- we42.1 Increment X by two, "3.-TA 

• r ami elm Filer doctoccnt X by two and teen usec the content& cf x 
•  terocc to store the contents of A in. 

rg".7"-zrz  R MIN  

of the 6809 addressing OlDieG delCribPd  t.. Ĉe.  with sorry. 
eretra =xis. can be used with tee level of Indtreztion. Tel& lo Indicated 
ty : I :round the Address that ss to be used as the addrecc of the 
eismarre addreesz. Tc wan cre what is reeing on in indirect addreccirs 
•  re:reeter to eecek out the address within the .6Vare bracs.et as a 
earce.  Ard then use that #03  the Location cf the two bytes 
zo'-a-rti the aZere55 of the ceera.sd. The eereccirs erodes that support 
rtercrAcr: arm : 

DIRECT EXTI:NDIM 
CONSTANT-OFFSET INDEXED 
ACCUMULATCRINDEXED 
A UTO-INCREMENT/DECF.EKMET TE3Z0 OFFSET INDEXED 

Ti' win pve al etarrple of eartN cne in turre: 



MUIR = EXTEKOED 

"STA (TEMPe .-eans store the A regtster th Co location whilst 
iselrecoi  tered in TEMP. Althsu;h indirect eite-dea addressing ic 
logically an ettenslcn cf duost ext0rds.d it is tn far: tmalemented O tha 
OSKr9  N:Pr.i4) case of indtrect incexce addressino. 

C.01,i5I.A1Z7 OFFSET DIDEYETI IST1IpErls 

"f..7A (SFP.Yr reans stare the A register  the knation wham 
.1P3Cee53 t: :tared IA tha locatien whose aelress is the centents of the T 
fDliZter plus SIT. 

aCCUMULA TOP IKEIEXLILINLII TeC7 

'STA CA.X3' moans stare the A regitter In the lecatten whose addrwas 
is store' in the location whose addrest s tha contents of the X register 
plus the =nterts ce the A register. 

AUTO Ie:REMF.t:TfTI MPEML-1171tirle.g.-7 

'STA (0.S•+1" means store thw A regtster in the lecation Mee:. 
address, is !ace «. In the lacation whose address Is the contents of the 5 
register and then Increment the S regtster by twc. liOTE that only dn 
irerement Cr derremert ce two raises any %ens,  thts type of 

• • E 

we have listed all of the addrc-ising cedes e the 4.009, the 
?: resister as an tree: register deserves special centien. If 
PC register in a constant index mode to rkfer ta the addreris 

zr • tas. the referrer Is obvicusly position independent tecause. 
•  rslatt.ii addressing. the offset dews not CcecrIC Cf1 where the 

Is Içiedod. Mcnt  assemble-s therefore eitond tre available 
earesern 1106?? by autematically converting an absolute ridress to an 

Le.:Cd in PC relative addresstr.g. PC relattee addrelsing is 
>re• reore: ty r.alling the 1:C register FCR. For example, -STA TEMP,PC' is 

irdeied addressing using the PC register. It etoply stores the 
ze the A reister In tre Iccatteri addressed by the contents c• e 

?: register added to tha number that TEMP represents. HIP.itriCr 
:e... MP.InCir week, ,to,, the contents ce tre A register in thr 
whose address WAS TEMP. beca.15.v the assembler recor,rdses the 

-a.->d automatically replaces the value of TEMP usad in ccristar.t 
.rcrree. by the difference brtween tre o_s-Yent value ce the PC Ad thp 

:DIP. which Ls the ruruhet of bytes TEMP is from the currer.t 
Thus when the instruction is executed. the constant offset 

a w•  e: ta the rc gisps the crigtnal valte c4 TEMP. If tte program Is 
aleses Dy ten bytes say, then tr.. current valte cf the PC would be 
":--arcel by tan. tut so would the lecation of 7E.MP la lecatton within the 

ar4 thus tre A rectster would STILL be stored in TEMP. ht-nœ 
a-e-seeÇ zositi r independent code. 

PORITIOlf_11tOrFENDEj47 

One cf the advantages or using the 6809 Is that tt Is very easy to 
write position independint pro;ra:=. A position independent prinran is 
capable of being run at any rrsnery location WITHOUT modification. This' 
is obviously very bnoortant sihen a library of t•erounnes is being tsect cr 
in time sharing. Good programming practice fce the 6809 ts to always 
write position independent cote unless there is a good reascn CO the 
contrary. 

For a prcgrein to be positten independent tt must deal with two types 
e problem. Addresses that don't (hose with thr proven. abselvte 
addresses. must be referred to in a way that does ript eturge a. the 
pro;ean moves and addresses that do mpee wtth the progran mutt b. 
referred to in such a way that &Angus correctly as the program mores.* 
For pares within the program a relative branch instnxtton will always be 
pcsitien Independent because the offset from the current position to the 
destination address alway-s remains the sa7e. rta prcblen isf referring to 
data bytes withtn a prcrean in a pcsition indepersdent way, reçtdres 
relative addressing to be available to typo,. or tnstructten other than' 
branches. S.sprtsingly, because this constant index mode can use LP» PC 1 
register,, this problem is already salved. 

z. short, to  orodsiew position Indegender.t code. any address that 
r.cs.es when the program Ch7Oes thculd be Addressed to.in; relatise cr PC 

addietsing - bnaedtate data is a special casa of relative 
• reacino - any address that dces not TO W  hcn the pro-an does, suth 
es a- 1,0 pert or interrupt vector, CAP be aderessed by any other r. etrool 
171:ItP7 relative or P: relative. 

reT:CIEUCT  

7c wmparr the efficiency c; the vartaus isitdresstrig modes It is 
earessary to last the executicn times  d memory requirements of a 
•  Instnxtton with eith cif the addressing modes. It is therefore 
arcessible to CE4TÇIYi: all cf the addresstng mod  ae with each other 
secaue.e na cols instruction Cif% be used with all the addressing modes. The 
-zit  can co is to cembere the veuips of adCressing modes that cun be 

with & eir,;le instrurtion. He can gain sltghtly mere Inforratien if 
.e also censitiye other methods of adnieving the 5erre rnd that use other 
ad_ifessing (nods's. If we consider laellne the A register from varies.% 
kcations we can canpare the t'-es far transferrtr4 one byte. In the table 
•  the total number of bytes far each instruction and the total nu-ber 
ee machine Cycles lone cycle ecuals oie micro second cn à single speed 
eir:el are given: thr rure,ars In square bradsets give the sarre 
'is-format:ors fee one level of Indira:lice where possible. 

-17-



IX( 

-teinter 
eut« tit. 
tr t orcr; 
Lsneli.tr 
exIst.irdet 3 tit; 
Porist.itOxt r. bits 
ores-tardes 8 hits 
erxt.t.indei lé bits 

itrkArd 8 bits 
*Me. n' el 16 bits 
avto ire/cIre 
auto lreiclot irderj 
ft trIrthe (i bits 
It rt1it.lit 16 ta..t 

t'etc ce bers 
1:tal 

M.0e-Pf cf cyc1es 
1:tri 

MF B.A 
LAA  IthP  3 C4I  5 in 
LDà siTTP  2  1 
LI1à UFF à  1 

2 IS) 
ICA 15,X  2 t31  !61 
LOA 127Y  3 t31  3 143 
LAà  32767.X  1 (11  6 (9) 
LL  à  C23  3 ca 
LDA.  (11  4 (9) 
LIA (.). 
LL e t.)..  Z (7)  5 £81 
LD4 ef.PC  3 £31  3 (i) 
tt4 s'711,.zt  4 111  e (III 

11  L-14-c r9re s'et kcztles fun'  II z X 
Y 
U 

It  S 

The rnsin cbsereatIcns te De ergion Ftmi the table 2rG  indirectIst 
is wicee-slve un tima and traredinte addrectIng is fast. Cether storade Iii 
timing inforeation ce1 be g.iined ;rem chapter 

CODTS:0  

Troc...4611s for thc indoxed addressing post byt• Amas Foliows: 

rost byte bit reflet 
T 6 '5 4 3 2 1 I 

PP. ( tex: 
IP P I C t r t 
Ik h x t t I l 
1P f t I 
1 Fle r.I t l a 

1 ele r I 1 t I 
RI  I I I 

IR B . : I I 1 
11  z 1 I 1 1 

tx x x 1 1 0 
Isi x x 1 IC I 
10 0 1 1 1 1 1 

-le-

.5 Mt nmstent °lise 
Re4) irateCter by cre 
v.rto ircre•erit t'y tic, 

Oereeme. t•¡ tee 
eecre.eet by to 

ttestarà uts Che 
;M W 

ber...te:starI affset 
t nt cmstalt °Met 
L. Clt cœsteil. offset 
Are...)14tn. 0 offset 
PC PrIeUve utth a bit &es,: 
PC Pelative alth u tdt tex: 
lierret itxt.eried oteresting 

z :rratoetinn fiold idee bit 7z1,  rìw) titrer:  F7-1 irrtirect 

r.ictesitryi firic field 

•eass tut the titi r Ir • • irrn tr • tnri 

indirect extended dddressing  implernented as a :orme 
raf iri:exed arldrescing. 

cf Czd t an instri.,..ticri mise.  tti niez. enflas e„,e.lr: 
Lii..T; :5  treu byte instruction. the Fust byte is tro op coda SAC. 

free Capter fc....r1, the sexnd byte Is th o post trytu which is 
1111  a; trc rnialc-e ts Y, P2=01 ara: as treitàctseip relwired X.I. 
▪  4••• :01101:0 or $31.. Hem.. Itacuttoleti- two byte Lnstruction =cc is 

:. oc of regtster a,Zorasslito post byt.r. are., used. the (est is 
à.« the pustt/pull Untnetterrf. 40 erdiCter witch rep tees are ta be 

Pcr test of tria addr.y:sing modes thc sodesg  corrp1etely part of t'y 
CCDE byto. However far 1:lei...d And regtster adzr....4..r.; the 08 

CODE if. Fonowed ty a POS7 BYTE wh:C..contens extra tnrcematio.1 abcit 
the addressing (TI•cs in fart matin trie 6(139 a wariatilw lam e 

1 instruction rnachire.) 

feer.it it-: 

nit rit: bit 
I 

PC  S.V1. I  X Cf.  B  A CC 

• e.•  any position causes tha approprtste teriitirr to be inc.Itided itt 

▪ ›:,1 ce push. If bit b is  then  tSer 'J r S is starked de,:erding or. 
•  re;ister is teing used as the star:. petnter it tc obviaus that that 
br-r. :.inter 15 rot staci:c21). The atarld..s.  ordie ir. from heghor bit 
--nrs..-5 Fust ri.ifing  pi.sh Are 1crwmt te registers ctarrQa pull. 

examole the ccritro of FSHE A.13,127...o..:d ta two bytes, the first 
Dm-- I2- (frutti dietûr (eut) and the  10030110 or 184 givirg $3-1 
tg-I' tsw tcrrOlete ili•erVe mn. 

7-e  crl fore;  used by transfer and exch a i.rstri.ctirrs to 
a per of reesters to bu ne.sire. Tho Ico faur bits of the powl byte 

Z-.  • cret.s. tris ter:» r..iister and the tiottor. frr.tr 40-31 define the 
s---..eitve rogistwr. 

-lç-
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The w aro coded a: 

I(CC - D  1711 • 
tcei -  lilt - A 
let - Y 1C41 - 
$11 - U  1410 - CT 
- s  fill - 

AII otter crdee are thvalid. 

Fen example, TRF X ,Y i s d two byte inttructiort - ttc first byte is SIT 
(from itapter Foul and the post byte is Sg:ealCm)10 or 112. giving 51F 1,t. 
for the correlmte inttructicn. 

_  CHAPTER FOUR 
THE D.st-nitlICTION SET er 

c.-ap:er forms the bulb. of tte rc-ferenco part of this tali, It it a 
a2o.N.Potic Ust1-›; of tho 6809z irtstruction %et- jt is not 

4 bog w.ee read; through Fro-r, ABY to Ts/. trying ta  take 
e..e-t petal]. Tc rria4 the best ute of this chaeter it is probably 

erca.c•  reeiew each cage briefly, noticing any spacial oorirantç. end 
!yen  sigroly lock up any inctrLctIc( a& aAe  ft sautes 

:no only way to learn e new certane larguage 15 10 write 
mitItkes ' 

r.strus-tion is given alorc with its effect on tra coretion cedo  
elle •  & 1ø of co codos, Tho Selo of cp cadet includetait ndidetion of 

acdressirig ircifet ro allowed with each instructions trot, Ti C; 

4: cakes, *re how r.irty cycicr. it tees to corriplete. For a sirqlo 
ta"4 tY.CEe n tho reambor of cycle: cam be tranalated directly ihto 

—_,:-,;-:—snondt, Tr.) titres given in column C of the table *re  the 
tetes that duly instruction might tee. ADDITIONAL CYCLES 

AVE TO DE ADDED FOR SOME = EKED ADCIEESSIn3 MODES. 
of additional eyelet can be fo-.rid et the entd of the chapter. 

.se of brareti ¡Ito/I:dices 'onetime, two timings are given. The 
—v refers to the. ti-re if tte brarch is rot taken and tte seccec n 
tie .rts refers to tte time if the branch 1'4 tern, 

tame is al:o tri  ce the rwr y require-row:IL lstted  catvmh 13 
rte tables in ;tat ettra bytes could be reo.nreo for any given inizze: 

cde.  1nrcematIon Fcr incoto11 addressing is again given 
esd cF the chapter. 
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tterzt:rs 

Abbirevitt inn, Lefler;  6309 Operation Coder. 

(-  • 4,“*.fltwtter  trintIPrredta 
I  • Felleri 
•  Extean CR eteir  .1.. Vie iscit.y.cd value tr. L into X 
E.) r Sonar.% EXI.USItE 

• eratelettal  1183c—Ji: 1 • I) 
) * rotrect cuitents of e.g. OX  tre tekei :f t. LXaUYb 

.1Nnt a5frcen. ti In X.  MICI"-no M E: Act affecte: 
•  !tie epee of e.g, »  rett vioretaret 1*ft• ce 
t  z  trite or e.g.  - lent u7efsetre. ttf.* ef I  47 3: frms it J.  tentevettcr. etch m.lben the rcgitter different freo+ 

• di.r iverttion e.g. A R Ve !Late ce A after tee ca=erattil 
I  - Neolecteot mete e.g. 1F r  fEt.911If  20 gRESSING RODES 

7.rte.f.S1 27.;SCI  W W1  Vet.DIAft I/COED 
Flat%  non  C  C E: OF> C  C F.:  C 8 

iV  3% 3 1 

erri nn 
z Feepttlea flea 

2  • Zero flea 
V  • 0erfloia flog 
C Cr.?" flog 
I  = Iaterettt flèvi 
F  = Fen iblettit fin 
E  • Entire %tel. tlzq 

knteers xel 1$:ray 

A  -  ii1 r A 
8  - Acttetilotce 
0  • Acttetilator D  
X  = It&s: r tsr I 
Y • Irefrx recatter 

e :etc. start mule, 
U  teur st,* meter 
CP  • efireet ;ate re-steer 
CC  • rtneotaor. :Dee restster 
PC  • tree> rox.tte 
•  r ty.tcel state teteLor 

ACC  Adel •net cr-rs rerrel snto Jimmi e" 

lejerre:  (- R • it • C 

nt:t1Dv «Ct"5:L 
C  t itt Ve ›erItter Cefted e eery fen, hit 3 
• Er. 1ff 1.:t :eel of tY, reetelt i• let 
Iet tff res t Lc eh] 

•  1ft ter ceeratten e./ce1 ar. 8 bit Z's ece.Alelvet cherflou 
•  xff tee ett.retteb meted A cer,1 fen.. List 7 

t.1.1t Vert is co t5 bit fern of this tretetetun 

tEe.Dt1  iD.)RESSISC  MODES 
t cz  Dr 'ID  IrtniAll MAID 

•cii%  5• C E  CF C S  fr C E  ')' C D 
51 1 2 E?  53  v 2 2 n 4+2+ 

D  • at reoistef ‹trectfiee. itteT)  A3:3  :1 1 2 Pi 5 3 C9 2 2 E? 4+ Z. 
11  e a gefer.:1 ee•cry refire-et 
EA  = efeetii.e aiteesc - C.Ne e5:4,:-..4*.r.ify!.-1 tp$ teletever  1 

ed'e mim Pee it ta efe. 
DI  - an ifretente •rert reference  t 
t  = at Preazte •cecel referee. 

>ere) 

t'S  tsiritUrt 
LS  =  itrIrte.rIL 
ift • if re: crks tf 
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ADO 

NU .» 

- •  .„(..e. 

Aril  hathcat ca-ryt Into acrtealstorf1J. rr D 

.7EP-111:01:  8 tit aeration 
Fir a 16 bit nterstim 

e' (-  s h 
<-  iNMI 

OXES: 
Affected oi' b an 8 bit ortrearri - Sst let a carte fro. tst 3 ocrertel 

A: Sat iff e.S of mmult i3  

1: °et iff ',matt is reo 
'Jr Set tft thee Let al fitrIfi b1  I ccteltscrt osuflad 
C: Sat ITT tre otteaticri catraal a cute tree th. PEI. 

WITES: Mint that tle tt bit is tra effectel be enb bit élif:t:ce, te.re 
rtitessetic czn cv11,1 be crriri cst tar. t:vt:  é 

ef eCS  600RESSIMC  MOOES 
Ii4f5OIT  DIWC1 

Me?,  Cr C (i  11 C1 CE tI  CP C E: 
çl: •  Et 5 3  

aOE te 4 2 Et t  U: 2 I. Et 1. 
4555  0) I 2 p1 7 3  C3  I 0 ite 2• 

AND LccIrz: Kr cf -c-cts Lt: sc-a.t..late.t 6 et 2 at CC 

CF13Ia2:0•1 P'  e t e 

C/C(11' 

If E is rat test cirelltita Ci41.• t4:141.4r 

rct iffezte: 
41 ut tft 5•1.t 7 of it lc ut 

if( tesult h rem: 
• r:iiet*3 
C: -e affe:ted 

:f  It cesIttlei coic ttylece 

•  CC 4 Di ilivemliete re.ss-11 

wOrES: AKCC can only te used ln ¡mmrdiee <Om 

- 

Pae;L-  shift left 

I  1  1  1  1  1  I  1  I (• 1 

te  <  ti 

N-b7.67'<-téwt•I'<-te.,  bt'<-4 

DC r...31 016: 
« reef wed 
e  iff bil 7 of She re-aJlt is sat 
:r sat tft retult is rev 
✓ 1  1 th te 141 W. of lee calcite) teercei 
55 Ises-1 with bit 7 of tee crterial petted 

rbere i s ra 16 bit %sr sitn e this thstructicri. Fcr ASLD te.c: 

ASLE 
17:1A 

st actIcia uut tne flags e set fcr the t*ste in ter A reti,ter trae. 

tIFMORY  ADDe.ESSIMC  MODES 
D. 00«  OtiftT  Exuma)  ptizIATE DC =-

Y•r<  0" CI e  Cfl Cr. C ' CV Ir t E 
it.:  43 
•  ,;#3 2 I 

e 62  78 / 3  68 4. 7.• 

ritilO rr  ADDRESSING  MODES 
INGENT  DDIE1  EXIIXED  Dt£DIAIE DEOLD 

jis CP C B Œ C B  P C  CP C  CP C 
PI 1 2 Oa 5 3 El 2 7. A4 44 24 
f>4 • 2 Fl !, 3 DA Z 2 El 44 2. 

«cc  1c 3 ? 
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CFrre a4: 

I  1 
I 

etfIR  Artlevel.tc ate: rice 

-41  1  1  I  I  I  I  1  -> I C I 

b.7 

1•2•<-tt:.66•44:ett›I'<406.t•41*<-133....1:4'<4.11,C'<-t4 

0313211114 
H: tur0.1.,firegi 
14: sin it trtt 7 CÉ th•0 rriKult n rterr 
j: .tpt iff result n itTO 
V: riot learttri 
C IAat41 iith tqt :eta cf s.:t:-.1 crorre 

Var. tee I fin n rit 3ffect. e. tee U-11.11:12/1133 d: effect 
Ito V fla0).1562 Cater 7) :fine I; rit t4 bit, wrtie,ef  tirlrurttrin.  Fcr 
Off L•cr: 

tte. L••• net: ere 't -'i  fur VI+  re:100r. 

•tme:trIr ,413CMCSSIMIC  MODES 
Dit-C;ENT  07=1  EXIDCED  13KCIIME Tr(E)111 

fceire  a' C It  Œ C 8  CP C ('  11' C H  Cr C EI 
kiel  Z I 

S: 2 
2 77 73  67 60 20 

EzleC  erch cri cirri •:t:2r 

1(.1511111: tff C-I  ec.  FC 0 

7..e(11111.14 cas: 9ot isfectrf 

olTI:  oft.- jy ete.let gr ups  41.1.,  ; 1.1 lOE rfireeri 

' the regl eer 04:0S et eseef ci C.Ne SY.' .8% I).  This tre,Irtectlre 
I. fee 0.Safit ifter  1.11'51, T51/11.FiCtr. 

Pe1J11'..! 3.Yee‘l Ire1 

CP  C 
tl  24  3 Z 
e: t)i I6 

CCS  le.rrect cri «fr.( re 

TEM DI: 111 C-1 4.21.1Ft•  Ft .19 

recrui clElr m>t effeets4 

C111:: Aftrr ustert,r.t  il e pet. EI S r.1•0..0. • CI de. if 11i .1 4t 1 401 .it  in 

.• tr eat! ,.7; 1.)•*7 ChIn it  .redwo-41  rat*  « tie to rot 
-.f4 'Jut  ED•11. l'AUC4frt. 

(*tytri. aittettui 4 

ty  47. I 
: 

our..  :12SS(:, 

frier* ar. ••%.11.  Le l ee 

.2f..t6111e1:Jf z:1  it 

..../(11111/1 O M: 1tt. efrctel 

If. 0 14 

afte  Ilyti•ret nf tun.d.. It.D .111 COlAt  tror'e  if Le t.1 '..et.». 

yet  ,.?re 

tel pee ..oft•%.11/t 

gt  Z-7 :à 
1Y.7  .4 



taae..t  iv.  :qt 1„.; 

1111e1 aff t. • (41 ts) - I tie% PC' - FC • t'4 

rt't ntw CŒ  v:t affictae 

tOTES; tet4r a r. ar a  irtract etefatton ME ell cer.aa tariirift tf 
c(•ilertest irtt,•••r:t:: ta ox.talti of 244 r4raiNt.r ere oreate- team ca• t..4.431 to 
the rifted; :f t,Na " Mr/. 

EPItta-re aelretstera 
NA.  C 

e,  I Z 
UC  ii: f,(4) 1 

r eara.-t O i•adba• trio. 

IYEFerrag: tff  t N irl V 2 • )  Ft  FC s IN 

owrrtr on-1: su àffecte1 

reffil  • tr.ttre:i  mire irertictlor, ICI  a tiger, If t•., 
recitsfer ittra < Mee' than th e  tion't rteç Irneit rrItiettit. 

Relative :011-rh‘itq 
1/44.  r. 

ui  3 
LEVI  IC! VA.! 4 

1.;$11  Erriati if hicirr 

criyArram: iff  v 1)  I  Ft .- ff.  1m 

CCCES: NA affected 

vz:ts: gre•r a rott•rt or (»vet tre.trvittor, EliI tiI t-44..» a tearlitit Ur. 
fitren ',rake of the teitIte 16): hilt« thai Ite.  "wintry  It se rot 
elite! after LIII£C, LOAF, 1g,11f...1711, 

I•etetve eerettirq 
Ptdir  CF  C E: 
Can 22  3 2 
LEK  I 1 W I 4 

1-i-eh If Palter cr. ter 

emu>: let t • s t..er• FC' <- FC  1/4 

ZaTICId  affeere 

CZ: tree aftit a ç.ttrKt  ces,,r4. ta, urtleiel btris's Mots KC trreev• 
• tri teitste- bari• !b ell e Cr h r t ee  ,ritrJ  area.  nut vi 
inett'S Ire.teie ttieitratii of Ea arid th.1141•14 t• rot 0;14 after r•cfrii. 

tster.. M3.. 

krInattr aerent;tit; 
tor  cv  C 
le  21  3 2 
)e  51» 1 

OTT  Lit trtt 

Pfleff)f: er L11 Irso ateligrwee.1 

›C.ITZ:h MX'S: 
z:r4 tfroctr: 
4: se sff Ott 7 of ftr,ult mt.". 
se if! 4..411 It :tit 
eleored 

C fit st tete  

CIS: (Illy ter cuilltlor, cryirs et,. c.f.:fret,  at.4trJette, 

qtelORY  ADDRES'ilNe  hI/DES 
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E..1" c-  - I. 451 
5"  - 1. 451  1t4 
9" 4-  - J. <91 e. 
5' <-  - J. SE:t1 - 

- 1. 1E11 • - 
El"  EP - 1. 45'1 
ES"  E,P  I, 15'3  re. 
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Cretin:3S CIES: 
rot affected 

A: set iff ma! e result is ut 
2: tet tff result is zero 
rol dtfireid 

C: sec if  ttrry feet t'io et.ei ix-turret co- if the cgry flit 
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Mute.  a• c r.  W I C  C  fr CE cr c e 
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Mew(  :  CF- I E1 C 5  Y E t W C If 
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Ce t i:  è C Et  0, C8  (P C B  if. C(1 
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r:at.1 r4 ti. afar is tin'. It, cgsr.1 T. third CI. 
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• CRA MER FIVE  - 
INTERRUPT HANDLING 

7he way In which a rrdcraproccsoce hendles interrupts ts one of Ins 
many details vasoth determines .ereather or not a procetsorè  uitiale for 
parttoulsr epplioation. For the niter oprors,asor designer ttewe Are 4 

nurber o4 choices ta be nr.ide ccet-ernung interrupts. In the early days 
entotra could cn:y  one. Cr a most two, sorts cf intorrupt tecaJce ce 
the lack a space en the chip and the shortage of spare ptrr n à ttaliCad 
Integrated carcuit packeeze. keefly an interrupt should be serviced Of 
ftrst sIukinc tee entire rrechire state arc' then prt-ping to an appropriate 
Internet handling progre-r. llowever the reauirer:ent for an interrupt to 
tie Lefv:tcd quukly reDJIC male the facnity to stac. only  t JD:et of the 
registers. very desirable. Also tee linitaliens on chip design a:id spees 
rake the. use of a fired interrupt acdresst he usual way of serenring the 
Internet. A fast stmale interrupt ta\:hntcue sore-rally .rake  1 prccesste 
sintehle fer control .411:cations. A sephistizateti Interrupt technique 
generally -.Are 4 pi-pressor !..eits.ok for time sharing and mutt  I. LIcq. 

The te:e ha; a nutter ce Internet handling tcchnicuos that cake It 
+tidal+. for dedicated contre; operations where speed Is impartant and r. 
number tent make it suite:de for large operating systens. We will deal 
wite. eaCt eeInicol in turn Put first we •4iIi cive a Drier Ce:cripticr of what 
an Interrupt is. 

lIfTERRUPI-fl 

The invention if the interrupt is ore of the .4erw nee. ideas in he 
Introducer: to tort:rut:1g hardware 'ante Etstage! if 4 cesyciJiwr 14 
oxeo-lind a pro;ram and an external even: r ewires that it doe: 
sonetning else al MICE Stan an intarruet L te strnalost anitecc Ci 
8 i'mwtri; this. Usuelly  number of rannertions, interrupt loran. ate 
pro.idrd tc te comPuter ir e the eeent which requires irenedtats 
attention is allowed to pu/se ens/ of the Lrier. .4!4'11 it requirec that 
attention. Ce. fins:yin.;a puse en an interrupt flno te conputer snou:: 
ttcy tefnet it ts doung, transfer its all veattcrt to tr.? act ton reduirea by the 
external event, entl, at the CD-p:efiCr. Of the drtion, transfer tie 
attctntton back to Its original task. This is all there is to an interrupt 
interrupt b1.91:1 rte. tmutifd>: à Leveed of tree current reeortine state; a taTC 
to the interrupt sereicing routine: and finslly a restoratton of the 
original methane state. 

C14 course real interrupts. twee e nurreeter of problems. to anartorre ;de 
Inc prograneedr thauld ask the fallowing queotions of any interruct 
re:44A : 

I> Cr. reyivire4 ei interns t ti/el tea. loc befe, estier.ti 
token / Is tee current tren.r.sef.ire, fIr.i4.4•Y f)r%t 

Z) Sag eve. It err), of the nichire's stale is itzre: extr.; 
le.tentet? 

11 *ere tires the race:re i") tO  I UN:CPI of an intertet. 
to a fixed ailtse.% CI a 4tflable ere 1 
Fesi runs  of Interttes xe thee ? 
thi Ve se.tot of ei interrurt identified ? 

41 Vat raaacr% tf ai Interrupt rtn:trs Orin/ in In-err:et I 
Ltin n Entern.at t. ntanteed? 

7i Len rterrett tve disehled 9 

S ffl INTEFIP.UPTS 

the eel:* has tree Internet tires: NMI -  Maskable Internet. 
- Internet Rezuest and FIR  - Fast Internet Requital. In se-e/itton 

it h» three software Internet Ct  nF, SWI, 5WI: and 5W13. A 
software Interrupt Is net really an interrupt tri the cor.ventional sere..e al 
response to an eternal event but Is a very useful verate1 of the sane 

rechinism. A Sctbiare interrupt is an instruction v.ttiCi causes s saying 
of Ira raredne eats." drtd a rrç to et fixed location. In 'Gee senses it It 
=ore like an extended lure to subroutine Instru-nien but tv1th a trued 
destination as In an interrupt. Art Irrçortant feature of interrupts en the 
Dl9 Is teat the interrupt atedresses are Indirect. That is an interrupt 
cet4:mc its destination addriKoi from 4 fixed pair of by  rather than 
piping h.> 4 furl 

There are also a reuriber of instructions concerned with interrupts end 
interrupt prcce-ising. These RTL, STNC and CWAIT. 

EILEJNTERTIIIFT cxr rn 

On te mpt o4 a pulse on the ttill line the processor !let.' the E bit tri 
toe CC register WrJ then stacks the entire register set in the usual order 
and tucps ta tea lecattcn whose address as centa:..ned In IFFFI) -1FFFC. 
rsve en/y changes that 4r. mAdo  to the mir.rtine state following thpe 
ata an are the se:tire of the 1. r and L bits in tee CC register. This 
eterrupt cannot be casked 4crisatiten art: thersfore is always I-toot-red 
se the pro w:see. Also 11 11.1.; the highest priority and will ui yus ta,. ideslt 
ettrt first. Felle.eing a RE5ET an Iti1 %,citt be irrared until the 
easing of th r system stack pointer S. 

aST InTERBUPT PECtITES7   

le/RD has a latacr priority than NMI but a hiedr priar.ty than other 
interrupts. A low len.el on the Filq13 input ltne Caatet. the E ott to be 
=leered, then the I-C and CC registers to be stacked and a pre to the 
docaticn whose : fett it stored in $FFFé-FFF7. Ti'.  FIE° Is fast in the 
sense that It only tteCts the PC and CC registers. Hits / and F are the 
wly CC register bits set. Note that :he r bit disables tiny further PI K) 
srenepts unless at II expltutly cleared try the interrupt service rourline. 



niturn-FuT e M ilaQ1 

an she IRO how causes the precesscc to set the E. bit an 
tire CC register are to stack t  e entlro set or rer.istors co the system 
stalk  u'  d a lumt  to  tea  to.m..ticn  whicse  addrertr  is  Sterol  at 

The ,17:0 Lugirancr can be dttabled by setting the I bit in 
the CC reetstrr. It also Ms a awar priority than FIP.5 And :MI. IRD sets 
the I and  Ott  & tri the CC register. Notice !Oat TrRa it nt disabled 
fulls's/Ong an ¡RD service. IF It 15 desired to mask 7IT,C1 tin th o le Olt 
stipild be set by an  ORCC instructien. Since  stri c.- the entire 
siaonine state its response is slower than MPG. 

5CITI4APC In7FRRI/PTS 

Tbecee software in te mpts SHI.  JZ And S}11 1 ant prcrevird to the 

A009. Thee ortlee of price-lie' is Str:I/ SW12, 1413 arl thrir main  i-ffarence 
ts that SHI diseutoc FLorther interrupts via IRD aro l'IRID.14̀ .1 any ENT 
tectri.ctico t5 enuneitared the entire cet of roes Pr I 15 ItLCkrt, tIte 
hjt k cot  beFerre the CC rnéssimri  TN. *Nu,/ »LIM 1:11t 41re:el 
by the SU": InstrurAlans are green in tateIe one. f  yet inter.ipts a.re 

net usually of v../ to normal pro7rartfrong but help nei end with system 
• daston,  alun sine. step tir/rdware deba girs, tract ale mer.cry redzet-r 

oasy. 

inrrinvP7 FiELATED INETRI XT/OltS 

Pr 'nits le the usual eaay of tenr m etro; an titer,- snt ea.:fire, Art PTI 
Fencers iron tha system stack whateeer was plarwi there by tb..  Last 

Interrupt. As the first byto pulled frori thc stack is alrrayt. the conditiun 
coda register. the E bit Cal Or  to LP., If wty cther registers have 

tu be pulted bofcre the PC ro =er. :Apart Frrei its /.5iitar us.* the ETI 
Instruction is often weed as a way of haripirg to a Prooren with tho 
mutant:state set tu a eartio../ler condition. 

GYNC Tho cjrc Inctr‘ntion i a .•rey te!...rial and new leittructlers to 
the exX (aently. Wttei a EVIC Lostri.ction is executed professing halts 
and thr oramssar waits for an totorriait. Whin any triterr wt occurs 
pros-.sing ocotIni.es. If the interrimt was enabled ard LF It Lasted for 
acre than three muffled Cyclez ttxh, the normal in:keruot caquente 
°met, lf the inter mit was net co-able:I or lastei fur less than three 
r—•it:Oirlok cycles then the proc.x.-aser goes cn to otearte the text instruction 
615 If nothtng ?bad haeçoree. :Ms re  r te instructicn Itceeletely of 
great valt,e tn ..ecreinisirg prim:seer ceeration tn the outstdo world bi.t 
with the cotton of tieing soiree or:ergs/icy action If need be. 

cwittr This instructIon has been dealt  with to chapter two ti' 
cooref-taori with the CC reglste,. but it is worth pointing o.it its 
bitporte me. It CSIAIT ertspois the conditien coca reiistee to be art  ded with 
the fallowing irnmediate bite are then static the entire machine state 

-e06-

rid .vait• for . ncrt-masien: :-.terrtipt te ti me. I: tr. in-via-tam to tot« 
trot tto. t_4/1.  Lae:. valuatla time tr,  ‘..rvittrig of ai . interrtn1 tut 
cannot increase the tueltur of tnterruçts per •tezciiii that can be he_nalere.. 
Iltdood betause the ripD tnterria:t can te :creed to stac/. and teetazit the 
•nttro maCtince state, vi cs.,  let+ murrOCe 3F Intern-11.'5 per rre_orid 

tnat can be he/nod. 

bOTES au ru7E:ERIrrui4p.Dwi,Ters 

Aurc‘e tri: topi. tt.. not reiciut èer.r hardy/ape a few detail.; of now 
interrupts triteract with the tisrdieve wtl.l hala the 5Detwt.r“ e:ewet 

alarouatr the typos of arttce that eepasmblo. 

The k-E)!? h-as two sir 4l Win tnit are relerantti, triterr et cocratice, 
•ro ea can AvallabIel lire tod Ms BS llh.t State  ire. The state of 
•t-ene tern tires ronects the state or rho procassar as given belaw: 

LA  FTiite:Lei 5151C, 
1  9  re.rml Irtttar•il 

/141: Ilrne.t-rliet 
it'Ll  lr,fl rirratiel 
StIC ISY/C ackre.dr.190 

:t is rot eiletzult In se, snit an toterretin; devIria co«,ld ea.srate the 
ttat• of /ha Pit and Bs  a1GCC.te tf its. interrypt ro.u.isst bad becn 
sescotail. Tres ceerie the possitiLl.ty of the deQt:e triang metre uf tho 
etts bus It thee point and ratoplfing the aaaresc ta be t.e.e.d is tia• 
a'tter7 et pep Aside  ¡NOV. = tnat thts t5 petstgeo not cn.1›, Detàu:.5e et. 
th:$ LACK signal but briause the be.i.r> interrupts are VECTORED. flat is 
•:be prof...sew ,:ces not 1...nu to e ;4 zrt!  ir...attort  cetairs its pep 
:>:i1ress from t firege. lacancn.1 rral evrrn thr prosirisoper From the tale 
of finel:ng vle source of the eiteerupt sr:a speeds interrupt cervicite, tine. 

tairelque ti lrbawn as e e Creel interrupts. The other pow t rrarth 
natKing ti tho fat inzt the prier...or ta. in a ST::: state can be deter:tee 
y external equip:tent, effecti.ely sayird; that the prate:tar is wit:Urn 
ca7elttinç to happen. 7'his ire:cation is rot given to:waver For a 

CgArT inctru:tione 

ell en AL COl;E:DEP.A,110tiq  mrERRInfr  turEM*111;z1 

teriteto pro;Ireezi !had handle interrupts is ceo• of the MCC tricky 
areas of p/o;raruning. hardware ezpnt; often think of a system based crt 
tr:ce-rupll t-fOtbt anytring else berme.* :Fee: a hardware point of view it 
;orrr. ai eaty ncluttos. Two facts shoule t torno LI mire by an ere 
ccordt.t:efir.; trivig intr•Orpts for any reasan. First. the tow •LÇLYt W. 

sa.lny ftiattoll0 states and iu-pt.mg einut mile be longer than toe time 
in protesting the result of .1P ir-ternet.f..ecarod, interaption effect* 

ér e utter, dilevaat to or:11:C In slater..rs capable of irmItlele triternet 
sources; theta efferts are usually duo to inatteeLate software design Gut 
**es senisi:d not be euerietr/g Fcr to et/sign coo.: Interrupt h.andtbra 



re wire:. a fair oezree cf rardwara knowledge. The peint tr. that it Is 
eften totter to construct a program trut palls devices in a fiaeC se wencs 
true allou tra dcmaral cor9Snrig of art errtetc. 

Pvt.' laarntrgs havir.; been greet. It trust to aittitte: that there are 
things that st mt.?, carcreat be done without Intern_cts and the 6009 has a 
NIAø range of Internet cptices that amt treect pre:apt-a. It ta ttu! 
trce :Mt interrupt sno.ild be used far real emergencies  cower failtee, 
and the. run Interrt.gt sto_ilit to used for Fast servIana or devices. Tra 
IRO te'itoreubt k.  general Ingot's.> tetorrupt For slaw to etediunt ortornal 
devices - t ts easier on the programmer than FIP.0 hie A lot mere 
st:kbaisht. The .ZWAI Instruction sheld be used if tine prozessor can't 0174 
anytnIng Os» to Cei tetwaiati inter mits ce If a Fast re:pcose to an 
IROntlIT 1% re wired. It dresn't really inoreeo an FIRO Octal/so of tha 
butts time spent in ir*,!,trgkeiD. The poroutitlitiec of the STNC Instruction 
have to be erplared by inventive systems designer% but it dual ice.ctirr 
"ualt" or 'da tnterrUDt" haul.21 be kept in mirvd. 

Tine 2%2, 

Tablo Cr. 

Liertton  tlrilree 
at ¿Jr* air s 
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CRAFTER EIX 
PPCGRAho.htlliG STTLE 

'Ittg •!-Dn I% Probably trio First pcpular rricrooretieccor tnat wa.rrants a 
ccostdcration  of  pi:alp...merit-1 stylo.  Fer Once  rrocrcdrocrssors  A 
crcgrarriming giettir weuts rcan-zist cf a Ilst cf tricks tot!: dirty and clean!, 
but the 68CtS ;cc, a euifitoently -interacting' archatocture far a r'Gre 

4dV eited  ulC,  to be useful. That is rot to SA y that trm  does net 
ruvr A*. many clovQr tricks ar. 1'2w other mime but f hare that at the CY2C 

thts eraapter th r...222wr will see why they are no part ai •gtcd" 
p•Cqrancrane 

n fiG_IFNCY Ci"t ELEGANCE 

In melt case: a proarani car. either be ...F;ttoont ltrast, small/or ele>ant 
re/0y le understand, easy ta molt; y. easy to correct>. 7ho reason For tres 
t; that. grore A prc5rani tnàt t eletiant, it i usually possible to 

anIrDdint leAre Pro :ire—rang trick ce nay:rod that speeds tre proaner 
cr theteç :t scalier. Hauecer the ifie of atrth tricks cetch ml;.er. a 
program "meakcy• and stru:h roars- cliff:cult to unrierstar.d. In the early days 

cf ctxrputtrtg. proara—ming was mainly about writing efficent pringrmitc. 
"-Ater. a. correJter time briarne &maps"' and proararriner ti me more 
osx>>tiçtoe Inc er phasts rtro.lad to 1>cre gunkly a rellablO prOVa'a acute be 

7tté. pattern was repeated in the early days of m oo:Deputing. 
Not so rraKti beraure of tr.& cent of fraCeaCCfnp./tCr tlfne. but bf•CAunte the 
ear:y rioot were very slow and ...eta emirs Jsed mostly for real tine 

mitre applicatians. :1 is stal true that hi' 6nne 
tricks are rers....nred lo riiIe  prcoossar st.cti as the OW? to e•ele up wi n 
ti real world. Ile...ever. therm 1% alco a tendenry ta t.se this 65 An 2.22:2.22.e 
fcr 2.1.0>Dy prCogrâill'ang, rCr men; AinblitAtiCA2: I.Ceed is not the nest 
trprrt ant elarrent of linblenentatlan and A ›gCtl e Pf 09 an, t t the tr0:1: 
elejait. A %lope that all pro;•antre.rr. should take to 'hoaet àc ".r.4.coe Is a 

tkaf'CleatC problem - prograrreung i atout 

SIPtICV.IPE 

The cpestinn of e:eaant pregratneena is traditionally dealt with by 
demanding Inat a des:an method 1.2 erplayud. Trio best I.nown and meat 
used deatun mythad is Top Down Gtruclured Procaraeardng ITLISPI which is 
oablaIned vi many snftwaro textbooks. It is usually acaured that 

accesibly lar.guago voarerrrang doevi't requiro a design net'ed and if e 
dtC it wri.:dn't  71:15P wrarn Is. mast ca-tternel with hil;h level lançuiges 

as Patcal. Title singly Isn't true. Te Cesign proe-ecse-; invc2ved in 
TOSP car and shaJld be walled in any language. However therm are 
special concithirattoii. tote kept in irtnd %then .zing a 1CrAl level langituge. 
that relate to Ito archttezturc 04 the pAttirUlar earl-tine tong tried. 
The!". soecial creculeratiant will te the ett:ec-t of the rest of this 

crapter. 
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Elm; tint  rrnnrn  6 the a:an-molt lurduide lays: lc especially 
about how tre inachln ec zettatuthee ten ho tr4,11 to "impltry progra-
aorrstructtan. Apart filar% trc% ràttler  C017.115efIttei wo rnly also 
ask tret 4 program 41 tr., assembly level is oorattcn irPeccericent. markilet 
or re-er.trant, ter t..121 deal with thssa saccific rsçuir•rnent.r f 

rniSTTTC111 Ttirerrgrif,Nrr 

Posation Inalependent Co  ae (PIC) ha: zit ••.ey been dinctriled in chapter 
three. A pet:It:on indepeednnt pre..ram tin te loaded tiro any area cf 
memor  w IU rur1 u:rfectiy twit /edit nny morlificati m. -Pae. to an 
urportint prcorrty if ti-e program has to ota ma.re a:altsolo on a fanau 
hardvdsre where the utter rremor'y :G 1Lptj lo be u% diffietent 
alto mitres tho dtctribulion of troft wire in EPI;Ot! Or ROM earner. 
tnitr•e: of zisatrituti.ng a program EPROMiP.Om far every turfing 
addrest post:Pie, one ts enough if it CWIt.1111G FIC. Ai-zither advantagu of 
PIC tCw:Or-c-: eritIon: whorl s librart. cf program• (ir f.utsrfaut inert is being 
eras/Ai:rid far, if oath progr•et required 0 parIicular area of mercer :a 
function. it  very dear fire thongs' become very carfolicator. 

To repeat tho  Fite+ et eit  Ittrvo &pout  prt51tIOn 
1ruh•pondoitit code:-

any address that movies when fire pecçrr:ai roses urculd to audrre.ss.0 
using relative or PC rolatv,.• adarr.irting (immediate iddr•re.sirtç is e 

cr.'s* of f 0.4ttvw›. 
any eddreso that doesn't mose wtth the prooram c.ich a: an le0 pert 
can be adolressed Cp arty other method EXCEF'7 r‘lative or PC tottiti.e• 

tenvLAR FizareRAmliten  

)O5.111f ortagrafriritngit. YOlny à part of Ihro  rrel Noe hut "ra w re: 
nylyi thauet at thy  brniu•De level. A 'ogram  mcdulat 

if it rÁn b•-• split rm unto • n'-ber of other p•or,roe's (oxriuteti. each ore 
carrying er:tr a particular po and inzorszt:ng  ire others only at Its 
otart and end. Modules are usually cubroutinrc tut ter) ro.srce flood thot 
be true. TN' 4:2••.1.11t4.;11,1C of redtear prog?..-.rong ere ot rtrxm - a fltetee• 
of progra mers can eo:h oyaduce modules to construct a larger crograrr. 
program errors can be Isolated to Lei.rldual macula.. ot.troJtirrefesadui• 
libraries cut be set up. The problem with rntxuler •t the aster/di 
linguAre li-cel is defining tcrser hors to be used fer link  modules 
together. Ctviousty a JSFJESR t.bout' t.c u--el ta enter a :statute we an 
F M for :robing It but wh.st about passing inputs and rwoults to and from 
the modulo, Also.. whit repsIters can fiw module use without demlgoyteg 
Informsticil belongrn; to the calling orograrn" One poosible linkage 
consent:on 15 ta cusrl ce the regiotert used by the mo ule arda tro 
system stack at the Fif e Cçaitati9.1 of a nodule and pun the Get* tad tii 
twil•Itgrr% plus. the PC registe- (doing the return autaribranyl Al the loot 
instruct:on. This has the advantage cf freeing any or all of the registers 

:or use rip* the rxriute. 7hte driesn't mile. the proolcm of oatoang 
prrainotoro betwese modules to witch there arr $ nu-ttnr of soluteino. 

It pass paree-ettetrs in defined registers - this her. the dirsadtranta;es 

of regustLig each croft:ID to of ecify wnicn erg:stets ta win :rift for 
rwcuscting fire cue and meter of D3rarnrter5 :o wherever regit.t..rb 

see available. 

2.1 pass the parameter.: 41.1:11:;REF.t.i in a regitter -  tsc., the 
afsarytive of not r«%trn-92119 the. ciscs of the osearboter to the otze of the 

reol:/er tut deco not oolre the problem of the iturrbeer ceParamstorc. 

TAr parametorc can to sent at  fetteref, to an area of ..tore90 
following eh. I.lermitLeb call. This to referred tc a ir lino• Perametrr 
ga....ing. For wgamplal 

Ef;', IIILU 
E.FA F:1?11 
rcR err 
PX /gas is 3 :trim rerreetrrl 

ert¡ reva f itirenifc ac ncessasfy 

itr4i DJJ g roue: .tregirri raid perceit•fs ..ttif 
colds; tos etrulei. 

41 Parameters.. cr tti•ir intdri:G4i1G. CM% be passed on the stock. Pon 
has tt-e advantage the any number of perimeters csn lit caosee 
returned. Tho. only ttu-.; to te rerremoered to that Ine ?dick feint t4 
:leaned up at come pesnt after the irolule 1G fuur.hey. 

there are probably many variations on the //erne of prerunefin. pass:n9 
aril prograrnsiers are lisisly to have ttire own pe ral favourite on the 

*grai-do of efficiency or 01.0 of  

:he questt.x. cf whirtnef to pass parameter% or ti'o  ad:tee:set at 
pi.a.7e.tueri as à difflo.0 ono  >11 ha:: been a tOOlC c f diim.-•çlort ever 
outer exwnputitrt were r0  air ' It lo ho,th rot:mg that the* r.n the 6809 
pozsing parameters by el:Press t• fairly easy. For exurplet 

IG X.Y  g  t saint to t» start if lies leg 
CD•P:e g ewer is a ra.rttre %etch covers IMO ! Mt 

relit of min rfrrarcn 

CCIWF.. LIM r2,9) g laid A with first itt-,ir. err.% 
ID) M U z lrigl 6 with first itg• in socord strtm 
rest of g.trobirte 

and apart from fercfreserire; to clean up the stadt that's an there is to at. 
The use of one level of indiriction It. ait that's rAcestary to get a 

parameter fecal its address on Ihe 
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Re-er.trancy 15 a fairly advanced conceet arid wa5 once only dto.:1.55e: 
hy system re-o;e:/..eitmee%. ifo,ye:er w:th tr. t.E1::? It becomes useful act 
ally far" .iy%torti sunplicaticna tut for real tun. rent-rot ar, ...ell. A rethilm t! 
re-entrant if it can be stepped, er dn inter-root nay, u:cd by anetter 
edlling program and rotar !, by  return from tntarrupt f.ay•  ar‘, 
reeC111 procaJtior.l. any nu-ter ct  ti-cc. Em-ontraney is useful 1n • 
tursoshare cçaratir..; 5y5tem for exanele. If 4 BASIC interpreter ic fuls 
•ii-toltrAnt the, any rnelber of uSief% Ce1 use one cupy of the pro5r•-n - a 
rr 'rat 7.14.1f.; an frencrr' A chore ordinary exanele of tha ub.eFulns-55, of' 
re-entrancy :s in a real time control tystern eater° a nuebor of channels 
need roughly ta  came tart cf attention btal at different tunes an! 
prlerity levels. IF a chtrrel of a lc.der prictity is interrupted by woof 
hagfirr prionty then if the prate/clam.; prouram 15 re-entrant it can cinç/? 
be called again and the tirccv!”.ing of see  pricri ty & vine ' ‘,01 
continuo from whore it left or( fDtic4.41no trbo P.11 inctruction, 

It 15 very easy to prolâcho re-ritt.irt code far the &Eel'. Whion 
P'rogram is InteerLotsd getorpt by a 1-11.11 all of the regict.or are stacksi 
land h:nce saved/ co if a Vrt-Verl uzec cnly the rogicters. far data ntera;a 
it may tut salled again without changing too cit.  tite of the prcgram, now 
%toted an t'e utaok. However if tt ICre5 Li5e areas of illeftery fOr Cita 
•turage then we lha..e to find • way of u5ing sae, areas in a re-entrant 
las.toen. (See nest coot ten.I 

Re-entrancy in [lonely related to recurston - tt-c ability of a pr q-rari 
to cfill iteelf. Fircarsion ic alms doer:thing that is ucually constdeted te 
be alien to as:catty :anus'e ssrograrrining, it is tr.t.oally discus:4;e ty. 
high level language minim's, and handbook:, However tf an aseentity 
lanÇuage prora- is re-entrant than there ts no reason why it shculd rot 
call dart( - se suspending operation or tts areont form and restarts 
itself idle. 1 new G.t of pleareterc, 

Sere pri:nrainnerz ccrisider recurcion an creezeszatILY eelrelfet wity cf 
watt.; a stmple program zed their advt:rt ts to avotd it at all coats. This 
ace-, riot mean that re-antranty is setalarly Canned. 

AXD TEMPORARY M ettrIE 

In the preen:sun m-,...-tlane we r...ive dictarpird vattout propertiez that we 
might Itke a program to have. It may not be et...1mA from out disru5stan 
that an Important facter is achieving these objeotters is the method sized 
ta store data. In the writing cf a modular program. (Cr exarrple, the ri>1 
interaction of the rho:Pales «malls that rise> ore has ltz awn AVM•! for 
storing Gan. In re-entrancy lt  Cmar that ea:n Uzra. the pr -a'. ls 
called st mutt cants a brand new data area telat to, pretected tf the 
progtan ts stopped and rettlielr. Li PIC wo must dtstircuIsh and treat 
dtfiferently data areas that r.ove Velth the program are those that don't. 
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E use of this.. it to. woftr, oaamiring way, cf rtriatitl and uzing data 

A lardtien trt frOve; Me')  MCUrArti s Li SCITC tense "tr.:fide" the 
'5X.t1 ICT.etlOrts. dirt> often referred to ay. LOCAL cloratoe, Local 

,icrado may be sIrroly an area within the. program net a5irle foi- stering 
cata, As long Ai !hie area lz referreO to by PC relÁtiv. addressing it i• 

trOeeerdent. It ic alcc modàlar au long at. ram other program 
referent:re it. tut it 15 rot re-entrant. A town of the pregram wautd 
p.erwrita Any itle0YfrattOrt in the local étarage. 

T.-to term  nteree c.ei oe eatended to incligir any ‘°'-*ea9* trial * 
remraya 4rcdLv has total centre: o.**, Le that has been created by it and 
that  à% the c.olc US0f of. The: reinforce: tre tPra that local storage 
ebelsng e to a program roule, rather than tact tolrç InstPe it. A met tbàd 
cf .Dairing this nee« general form of lotdl ctcrage In a positon 
r_dependent way so to use one of the otarks. ro- e7.11-;:19 if we Wat.t 
ti-rep byte-S. of ;oral storage - SIZE, ccaerr and LC' - then the following 
code as positicn independent: 

tx 

ronerda 3 Odle: cn the voted. stet 
Oyttre SIZ ss 1,5 
t *afire Mal el 1,1 
t Carina tX  Z.I 
I tIr ptai.,10 Mfg A Utz. 010 
I et clog? !In 

The potation tr./ea...redoes ef that local utcrage eernd-c from the stack 
>wiser being Lraffeost;  pfeyriffl MOVIIÇ. notice ttlSt thé Mask 
rust rot be ucc  with regstive aficete for local storage ber;•tice an 
intern-at  ovorvolto the same area' Alco the system stack must nnt 
be used durtrr; the program and any inio-r--ettan pructiod cnte the stadt 
befdte the local storage was allocate< cannot be re:livered by PULLS. 
Apart Frcen theca protlems th:5 method of local storage is obvieucly 
modular and re-entrant. If the pro w:, as interrupte< and restarted then a 
new area of stack is allocated and the old area t5 ractored intact after an 
(S71. The ot4ection that this method of local stcra,-;e paralyse.; the system 
stark can aatily be overceme by utz'ç the user stack powder. }lot in the 
enci.-: way a( svroply uzlng The user stack irctoad of !Pc system %task, 
pe:ause the user stack dcwi not autematically allocate new storage 
following an interrtot, it as in fact cerrcletely unaffectPd. Ratreri the 
user stack teinter can be Lzed to mark the too:it-Ion of the local storage 
on the cytom stack. 
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Tar Eton-clot 
•••• 

t£:1 3  Iream.» iter.re. 
1:2À. VI I 
Xi  2 
-02  fill 3 

Ur ;al  t rack tine% re.e.nr, re, stack 
SIA ELift.Ur i.Iure A :h elve, eCf rkeult 
f'915E  I rsnte•• itacr e:•1 te Lee .tet‘t etterirri lonts 

rt ce if rel.> 

r  lrm af local storriee. it otwieutly oat dies% Independent an: 
re-entrant. 77he X rze Y regIstera cook.' oc. Laud to ai4r-. rif the Ll pcantc-r ti 
deat•ed ALI ttr  r • 1iirly t'pica] ina of IL 

awg the ttack far le.c.41 stnrooe i rob:niter-ea of prr.v-eler paaalre; 
In PeCOCaf tiregferbrtr; .WC tftGred we can Ark if natal"' rears can be 

ri re-ertrant way. IT» anreer is that 1: parameterc, cc 
preferably their eldreaaec. :fit paired or tt•e ata t. tto cLfirouthre can 
interrLiat :, rccalled reil then rratarteit, t.e. they a•t re-entrant. 

Sonutri.N% keel storapr is only rtr..deri for • short tune di.eing 
prrçract. That it usually erferrod to aa tielnparary ttarage. Aq4m the 
stack ta our iTraat Lceevi method of manactng freeDrary .st:rra2e. If It lt 

rertLtred to st e tfr eddy, of any of nia ragistert igr a S./hi > t il S.LITçly 

reach thee 'tints the 'fate-- stack. Tho crt:y things to watch, cut fcr arr. 
!tle! the* tleyte7t stact. it free to grow - i.e, it's not being tmed 41 a 
marker far (mat atorage eind the the temporary stems arm rr -cved <ran 
the tta:k at the. ern. This erathca of temporary 5toearze ta oDelcusly 
co:tt4nn tndependent arc to-ontrient. 

The anly meta oe locrtrtm the we haee not dealt with ere the onet 
nit co nat mCIVP Miff' • prcerA-.. Trete ara clay:Dusty autstde tea program 
Ln coed .ense and are often called GLOBAL lot:a:lens. It may seem e 
rst at:Mt 1:1: Marie are lea ...Gets cf QICOZIIDcatiette. those that an 

absolutely flied ey eCIT,P$ hardware defer:ton tiati xi. an t/0 part. arsd 
troca that Z'P flied relative to sure CTFIER prorirs.-+,  an cperating 
Gyit•tn. In fort thas is an Lerarcocagry distret-tvar; becauae roe ran tatiigirr 
a hierarchy ce croaraerz caltiny airer orce,raint. At each lave! A AtOfiÇe 
locator', la aUt•er LOCAL to that level, t.o. aeated as  owned by that 
lo•cl, Cr owned by a higher !ewe and lc GLOBAL. Tor examtler tri a utiPr 
program tore .rartables are o Lt..Iy LOCAL: othara boleng to a htghet 
level, the ocerattrig syetisii or the macturt• hardware, arid rite GLOBAL, 
!loving t_c cry level ta the ciierattr.c system any variables that warm 
LCCAL to the lower level: arc Inarree4thle, 5offyr vz,latIOS are acaz,-1 
ctrrlaJsly LOCAL art: other variables ektIcog to a new-, level, the 
rnsehine *bayclwara, anal are again OLOI3AL. IF we admit this view. then 

thichine deFiried constant.: are st.•-.ply GLOBAL lacalicns Celned at the 
ttrotrett  line) . 

Hethods of allocatin  lcbal staraue can obvicierly be considered from 
the paint of vow of locrti allocation lf we rreve up the hierachy to a level 

ttur..&jo  5 tiZCZI. gr :an ttrfpfat• eik olatal  *o 
ra▪ cItlen tedeper..1.-et if,  ro-iontrant jt it  atIP'oeltlete Level bu?  "'tie 
▪  tel: way in which it leturactc with the przi.;-.-•  to wharf. it 

•.•:rreol 

The fttst Pm-rut:in! requirreent It that tartarl l.rcet.on: shaLilr: 
exeicitle in tne tone et .? at ril the Ic.ror ic.relr., Teas is tlifiorbet from 
ryrn-rg  ilre elie ia ta I:Lamy:1nel wherr. only the catrettne 30 pyri "I» 
'niece of the rearreullet. any lcree• leeels  'tree thc vaLret pat:ter: 

on dawn to them. From tnsl Feint 2f :Icy 22z:ang  st xd) 
allow:nu a program to •-nttialIte the relLec  tei.' local 'enrage. of 
program lower tir tar maratry. 

Then) are se.)era: war. nf  ;;Ictia: loceticr-4. T....I we czn Lae 
r•e fart thrt t"e trighert proarair tri the hterazhy nmv-r .e.tt.a!sly mayea' 

dufino a rear:Aar ot  lat_aticer.at tn.», --acrone tar ait:olen) 
leeel and iin• th;ese to :fold the Ixstinne eF the ciabalt terert4 
resulre:. :I the locstyr.. ;e0:. the :tart addretne4 uf other prcr;ra7s 
t s referred to a: an Indirect ioen tat:o, ot!‘....‘ite it it :elown al; an 
indtrer; data ta-tles For CX.IITÇIe. 11  ft:elinDfi fo, cperztung ryirteen: tD 
Wine a set of merrary lec,itlors contantm; 11... rililretaet of their rerior 

(.ea:' a earacterl print a !Inc et a 7h4r lettua.:4Lia ts ready 
ra er for the te29 irttet Its ore level of indtrecnce  and r.i  the added 
arl..anta;,e thit tF the locattan c ne glotala chtmger then 

pregramt lower In the hierace.r stre trzffectrd 41  I•rc :tam 
41torec, In fair: the atveltayoe are to treat ',lit JUMP 7AELri Allb 

ltIDIREC7 ?ATA  le:HEM:11ER POSIIBLE. 

A tecond rettad of rIchnn; ;kn.! locrttans it to reserde• krtrl 
✓ter.ile an tte liter StAttt. Prcçra.-: 1o.rtr in ti.. Itiseatctly can 4ccelt, the 
alctsal lataturnc ac ice.; an the user ctac.' ponter ta not rntea-a. "lac IS a 

sury restrictire wety of ueLop tria 1.1 register. 

Lyric TiD: ZY 

7his tectice • oeficency ts shorter 1htn tho sootier en elegance 
aptirrasirqa pregrarn for 011e or f..;e.ft< t• A very i..•..e-iallaed topic 

and dP2 l  ceey nix), an IfAi ter Cif program tang CI P ti e- R e:le  A t (cr 

a:egante lead Of41C1CDC?. there ts v....ally a trade off Cetwrs.0 
eze. If e pf0;lael need: ta be optirraced than the zollowing 4tiatogir; 

4rctild te zr,nsizter ea: 

li Tor :in increase in eceed and i.avirt; In memory try to vie tree direct 

>447* fell:ter for eteribt.Ing a: citei en svocsibte. 

2t For an incralse i tee's try ta use !re rerpste•r•  rouits a: 

pasratle wink-re siwapprip to and gram rertery. 

31 Fo  Y a tavir.; sa mertary me...eft aimilar Tues./a oF code ta 

sabratnine. 

4 



4) Fee  vcrc c àn sce1:11 try ta "urlewtre' th. prétir..rn boP'ert 
tri.dinding  th.istng qt.tecrfilmr cat to copies of tre 

• C:rputtr., p rrd ir re prcnrivn where It t:  ar,C writtne Dat 
expltafly I.e. :I t-onett-Ino te C.Dr0  ilroG the: wrItc• it 
;Iva hinac 

f;) Fcc 6Déed elltIraNNtiren  Ontp,  examine the parts of a proor:e 
olo wtrd reoentediy. Cxarune  crZer c: taro  narbs-, 
repeats, ne.er e»-itre stnole  Lnless critital vi N411110 ténir; 
cçcr at ton. Tr y :o smo.e as ei th eido A • Fo• nib te tn5tee  tie? 
a. part.. cif ariltsiw-tce.rrproe!!1C1ZI•11t dc rot depend cr. tne 30db index. 

Ter ql 1nCrrne. tn treee  avoid Ti receated iels of exuensirf 
3i:eras-zing mode: six*. :".7.1rinpzeCttce., 
o. Instsae 

LIZ 14 
t.D.1" Fa: tie) 

te. 

: 

wt :h :ar m a total of It  
gess-i-al It Is often qiitCki.r te ut- Lt.:e. to cwrei-,te an addre-:: 0-•cia 

peforr. toidnij 1! rmirateCly In .11CCp• 

71 If all else Fails. try to find ehother algurathrn to dc the Neire thing. 
Pc* es-111'91a. te 6Ava spArr oveluate a feNctlon such at; nnix".• by a forrrula 
tut to tr4roase  ia•.• n look up table of value:. 

Tto• biZYJ9 11, such a .er•.ettle rocro Inat  wrialc :>›Dk cmild be Creotre 
ta pregrammtre, tr:clis and every proorarrmer wWdPvalre ht s cw-n spacial 
faerwrttes. The °arrant:: cada carlf,ar th o ch..p1or q.!•-euld bo kispt in 
mire taDed-eee-r, and tricks should bo nvesded unleso nerennary end then 
•  tie W M] Co e1r!ito.d AN pert of Ire program. :f e.pced Cr CC-11c7» 
cotionsatice is a crtspial peciblem when u na the it.1)9 always remorrtior 
that a ecite &Deed verston Ic availabla and gain.; from tiner te double 
spoiseis litioly to nteW A tsigy&r inercverrert than any software chance 
=Ad rriako. 
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elnr-TAL DATA_TYPrn- - ONT.- Ann reiCt1./11111413EINAL ARRAYS 

Tre  *INN rtlie W feature: V•at r-.akeit  sprit:la:1y easy to hir4i. 
:wro a.C..ancad data type,. nigh as tables etc. 0-re dela typo that ts :o 
eco-tent that ft da:erve: a rnentstin is the arraf. The n-t« - eta 

rial J--tay 17, tet/111•1 thosert of as tre prodlnce af hiGh Loeb.: 
tartgLages be the t...b(i's atuittply t-rstrixtton mai. .vray access easy. 
aele will ass:urie tnat t"e rendor is Fairrilla, wen the ecnropt of an array 
and 130 dItieCny to the dota,!]: C.1 Implem•intattcr• 

arraer, are otter, oe..lt with by the use of A stiteapa  Cl2t1Citen. 
A Gtora.90 irk ennr.; trundLon rclatec the  of tre current Indertn> te 
the, .roa of .rcny:ey anbratel tu the corre:pcndlng array elsment. For 
exarrcle.  ono-ditnen:1Ceill array c Uelernentp each Ci M bytas In 
length. ttle first earr,,I.eceCinc1 te an 'Index of 0 Ithe rrcinftcaticn tcr 1 é. 

enwl, inity ha ln-ClcrenteC by 

arYeest trf ntet r. start aoiltess cr errel • lith 
of Ith elerent 

A two-clirecrticnel array of 111 by 112 elorteivIc each M bytes in longtri. 
the flest corre--ooriling its tridicer. c:0,0.:-ay b ingilsmantcd by ; 

‘astris; cf :tat - strt aft•in; of atiel • tel • ulItt)li 
cf i.jt‘ sle-era 

Tho trafrzl etce c4 them. Iwo stcrace me mo Functions trite 
crooram  !re Ce:.-ClrnerticnAl case : 

le ni t•f.cs Fer eleno•P. 
LAe  En  I 111.- tr&4o  meuttel cicrern 
111  s an tail in D rrtieir, 
A:(1) SfeeT *  tin strt eSte:s  rea4 *al rews the 

th• •roiinal  in ee D revstot 

/A the two Cimer.sienal case : 

le 5.1.zi 
ue rrE 
ru-
F313 A.8 
le Kt 
11:g 

XIX1 rl• • 
:DM EZel 

▪ S:21 • nin:cr cf trees ser 
I DI • first irdix cl rceverd elenre. 
fun lati in D ress(tar 
%a.* D rec.dster 
1141 • 111.1 
ed. - terrio index of rcesrired alarm: 
• fen IN1411 1J in Derecter 
ail i.l t. 1141•1t1i, rrieelt in D rid testre .t•r+, 
I add to stet aSire:: of array to live the 
* revue: ailneci La t.‘t C reîlster 

Motel EYE  JAY mint bie less than 27:...s.) 

-69-

a  



cliA nt-•;!s-r.l mt 
-  couvr117:11G- ¿eyo FROGRA W; 

Although the eidA hez a z•atill.f architecture to the 6800 it it rot 
..eidàrd rhripattale in the ser,..• c•Iplaine:1111 chauttcr err.. Mott of the 
t:..?;.! • covr.ati.oin mac% afa different from the Ee:10's V.1 It 11 riat ace:able 
t a ted,r. a 6EV) triaCtems. ern> orevarti and run it en the tee). It it no•o•er 
eas, to Me trse I 4 Unf.) ass errei!y Leiguegw 1,CleCt! COCCI aro.1-eictii to •  
asserrcl• Legg:Age a•trgrarn Lii thee ••••-rtible it to a E5•09 eacruna roue 
bresr...e• Th.> trouble is Ittét ber ?; often uert Olt, r . aztess  tr.,e 
itur:titne cote form az tee preierieru :n this C.11,47*it tree tho brcgrain (met tie 
th•roster-tilerl cr  •e•tern ir f corivert•d to the Ultra. or [hie 
origunater bf tee Drellrliel.n.itt  catta.etad. Here? eoftaiare z.toblieri ate 
lLriq to 'enlace .1 bbótl program with a cirrent 6e= vor‘ID, ;et a 'null 

aadata Charge - t'yte  ..sk you tr: buy the PrO;ran. agair' 

r Afw) j 7Fricrrr,Nis 

Cre c the feit brati:e-ztí, cal-welling 4e.) prrnrars Far tr... 6809 
true ...bc,e1r.}. or trrtain tteviard 6800 instructions:. For ex.e•titor the Aets9 
h41. no /,DA ¡add E ragtitar to the it mgt.:to-el int.trtic7tior.. This arcetaga 
of into:rut-fleas Is irk.? to wive by using athor 4.1)09 Instructions to thr 

effet. A nunitio- or ol.:K.o Assenntiters auto-4tIovtlly translate 
eftn:i Instruotuni• onrcletieree In 4 prcgrnm to  Ñ equivalantr.. 
ça>rrai-'al intarrtt iii Ce aca.entilers hear. only ta» et t e-t -

4[ Ø etv_nvatents are: 

:mtn..rtia, tE1; Et.rvalcr t 

res 
KM .5r 

I•ee 
>e .5. 

at  max In 
40.t.sy 

ar  seta tsrg 
CFI  OFt 

-7(7-

lente:tets 
see 1.4t•el 

'dry 
fer 
the 

fib14 

;Fr 
SIM 
ETte 

r14 

lf a 
15; 
Tr; 
4.4 

!'IS 
•  ALE t 

f9E, 1 
UFA ,f.,4 

lit 
nE C.A 
TSF A 
tTh CC.4 
wa 
;it r.t 
owd 

- 
- 

-•maiao;- ' 

ré, r.?,cra eqi,:vicliant. arc 'rattly  e.Lbt*.fiAteetC. «The arty r•-•... 
Liely ta cause any truubt» are the crrecit.ite ores that truika Lout of t•te. 
ar;ttyr. ttiek -r,c c.treful that there it ve..›..eal staci - »to the CV% 
mat-act-Ian. Co ttw 6200 ttle CPY, thstri.ction  not a true mITIp*m tit 
oCeratitni and only let the 1 bit tri the renit.tion ccer. ragister correctl!. 
Trues on Live-a cheek fa  sr the X regitter ...as the 'An" a  ‘31.'e • a1tr• 
but not trràllortreuater than it, Co the  thio cicuivalret ChfPX set:: 

af the canditiCri Ledo bit.: correctly. tt is Cif f null to ttlint. of a etrr.it 
i(I prca;ran ‘‘ii-err trti6 v.ouJd  cly  tut It It wIlrth 

tarir' in mind ct.irte›-z 81,4:L4391N). P-Ø , 7)5 ..rid 751 pair ire :lea Cifficult 

lis translate rzettly tut t-erpal.ufl for thit i• baltur clealt with in t'ee 

rwit GCCt1.0m. 

H   EH 5 T AS,1; 

dàicere-iti.• botir.cen the operation or thi.  ...ty*NtIAII  and 
the {.£1:f:i's stbdc ern the most trrx.blotarie tn convertir.; programs, 7tit. 
C-1Yfe ttatk pc:inter S bautt• at the LAST ltP1 cla m! en the ttarit sectead 
of tee It:Kelton t,. Dwtfe la•t %tern (i.e. trw nicirt  locationt.s• in try 

e.800. The conteq.ientus cf tint difforet,:e 

It The  te•tic pointer tan be initialvtea creo location hagher  thia 

.7) Arty t8YI pruurain  ore, all its otack maniatilatinn taranh ttP X 
r nittP.1 ii.o. LOX 67EhtF. rxt; Imith•Áz: c4' LOS IfT17dFi will have a correct 
star.. trantl•tion  •c,set:b:r..-C for the 6f):0›. The teeter% fur tees it 
the tre AfOrht TX5 rittrta tion autematteAlly Cecren-ealce: the chttent 

cf tr» X reg:tter. ITti_rt if X points at TEMP  L.DAA  will Load A (tarn 
TEMP API: fello•tru; • TX5 a PULA Llse lo t t TEMP into A.) Similarly 
75X instruction ,uitar-Atit.clly loa.Ot the X rtgitter vath cre plus the 
conton:s or tr.. Eurk coin,tir - IcayttnIP. x re.;leter pointing at thia 
(Ire duet an [hr  t•tic. The é£1̀.er  Di 75X ard TS given above 

-It-



CO NOT add or si-Otract err to ter, velue of X o, S and thus giyo !ha sirs-rie 
reaults as Ire feY» res.,. That is, transfers bet weeet f he S and X 
registers elwayt. r.esvIt in the destination rogister pointing to the um. 
!ahem.' A4 the tict.rce re-;ister. 

The first Froldrm c  lirrrt comc-arcd to t!pc sorond. Unfortunately 
resnixn to large  prore-tn do nut d  afl their start. 

renipulation via 7XE end X. The reason for this ic simpler. O w of the 
broblor.a with tre Ger.bD t% the lack cf a secced lneat rrgitter Ard mar/ 
progr,uhrers. tended to use the stack pointer  omasional secold 
index register. The X rogt.trr WAN therefore often ccoelcd by tha tire 
the stack pointer was brof et  nto- use arid an irrucediate loud of S siren « 
tho bot way to brvtg It Into action. For examplo a typtcel sntidy use of 

Lef'..yr, 'tat._ pointer is ta compare two strogs cf characters: 

LEY 11.111.1 
Eis !es' 
tz; rsim-1 
U44  1.5 

era >j,, 
r2.0 

Fil Er 
CLI  Acoslate t..o otatastirt 
Eft HUI *riteti to rut r7.1: 

Fe L15 9.5P 
?a.2 tif m rreere 

Lt511"). 
rest re theta, 

t:Ini•ttet ce first 'Arun 
11.h.t reuse. stas+ felfille tr. LW' 
r.i1;427.start 
Iliel & 'nth rt.:rester frce str:  1 
Iszre to le,t steracter in ttrim 
tlast &erecter 
sitairà  e:f.e/ elit 
'Kid Sbltt C eiCt(f fan ¡UL M 

lletice that M t pro;ram cannot ty. trderrsauted because the sariel 
re;,,tsitero would o.erwrits. the second strtret Also netts> that  Ntat it 
po:nter 15 leeird w51 h HSTB02-1 se that tro first PUL, B gives the lust 
chAretter ca string 2 rerd thit tho stack pointer inuers US way along 
withciut any ItiS or DES instruttion. 

To transtee this progra-. to the 69,9 all that is ne•cwey wy 15 to load 
the teAst. painter with t3TEGZ rat her than  Athoulh this stunsi 
simple ensue, real prO;fa.1.4 can barern« rather more confining. Instated 
of leadirg S with liETTeG2-1 A C M> prcgraerrer might he's? Loewe st wsto 
t5T1F.3,2 end then carried out a DES to sarrost the stack puinter. The DES 
instructice could he plac e well àwdy from the first loading of the staCk 
pointer and Lià..,tid) ltre Orourionmer cirry:OQ Cr.lt the trarrslation scene time 
ro work cre if the 1:)L'S should te doletod or not. Thr only way to tten011te 
a general stack using prcqr..._-. n to follow the logic through and adjust 
the stack bovitor when necessery. 

My rer7CO4.1 prieferrAsco iç. to replere any section of a prce;-et that 
te,r, the stack pointer a  n adestional Index re;ister by an e.iivaliont 
section or Coco using the SSO9's Y register. 

..testc souses troublo tri two geese Areas - 511clunq order and 

.taatung leogth. Theés.»>. Sta b.; 4:sec c-nra bites tor •er..r,  zit 
ti-an tho te n and this must be aljurird fni in the .-errro-y allocated to 

t ha system r.t4 A. A rcre diffscat preble- is !re differenr; be:weern 
thr0 and the L-il."/"% &tac&-Inti o•der. The ée.l:ber's .,t e king order cm, ec seen 
at the sr..: of ch eter f•rar. The must Iry orta-it co:nts 

If th 5trt.  eodzy ot th. A en 1: rm.:ter  triartel 

this a:bra a to clef et, the it tatf,lfItaz.t cf 
tic t' re-v.14r. 

25 Uw ¡te. a1:1 sr ter Wed t tdatt:  verfr•ter 14 :01 Xre". "1 

Ule Y rr ft cr.  sty" 

T he tee MgeG that 0/14. AlieDGG1Ii ta a-.1. sIszt, orCr?fOrT'S 4"Crk «Irk 

If X sent: to tte first item ai t fàéé sl ut  ;Jo; 04 

I chire  2,t 
2.1 c...» 4.1 t) l.1 

3,1  13 le( 
4.1 Celf Li 11,t. 

CD:ID:110N CODES /QM DRANCHE 

7hprt+ aro a meter of difference' between the CEIX. ,;‘-ed éliff."% ta:a 0; 
tre COT-01111 W .FD5e re V etirt 

The first differ...eta is that trie k-93)9 ut-'-' the tx, two bits d1-,7,t,r,t of 
the condttion cruie reuse:1r whereas the  ttrtlritG ther. Thrernly place 
that trill CA?' C tLe pretlartra is if TPA or Titi' sr.strix.tisrit are tfi4,1 10 
naoioulate 1h.. ocildstion tosics yta thr A register. 'The solution to this 
orctile  is to steply ensure that the top tv.o tits cf the A rs•;iste• sr« 
cet to tr.? rewired....alues before tisi. TAP instn.esie end ensix o that the 
lcss two hit, .aro rot used in t re result cf a TSTo Cte.P v.:any:teal after 

trio TPA. 

A more diffinelt sot of problemst arises from the dit(ere-st ways •,›1», 

69Y; instrixtier: affect the conditivn codes, 

t> the 6111/ Tit instri.stirr. diet rot erect tNt C rit; 
tu f211 <trek It. 
111 se Ve euf nut Snits P0.1•31,Ff3i1  istA aefect 
V tlAs dicrtaç  cats it rox.1 Ls 1fr '.]ty,.'Q CP crf hit 

se.sm or! Olf0., 
»Pa 69:9 fi flp it rd t mfr.< et tesirç irrs particular tie.' 
eta? attract-life risataticre iCHPIKL.EX.S 0 V+ f211 clrrrt 

s tin wits the" toritticris. 
II the bill Cei imiructor wit all flees erractly i,i vas Ift 

Mt( trtl, seta tew I nag cirroetly. 
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T'oGie cdfirreoCe-1 thculd not recite art trout:- in tran:latin, 
Merin! &«-t :1) r' nrian.  iteree.  r.rat te.º tr  tittle 
of ;he C bit CaLice-Ina e  ins:fur:Jan tivreose 3 carry cannel rruult 

fri n tit:tracing :arri, re ute t  tale c-f the y flz; fu:lo.viro  th.ft 
biti.o.••••  C9ert104, ccireitian canno' iin..t after a :Milt right 

in.1;l01 by ?I, o• uto tr .t e of the H Fi folLowir.;  ce_Cirect , likr 

.ostrvition bocac-iei hAtfr carry F1.3 rt. crly cued for ECI) adoititrn ISCD 
st.teiactIcrt  eree  rtirt...si:criplomPnt r.urritiers?. 

The é.•;,),Àiu  :et thr anditian (nee bLtr. aro d_re to 
reen1:311 cif whet tliaçer-% 31 ruleted mutt-Le:turns or it rigid appticatire 
af the elaa•s owe-ma. For C.I4ilpho.ir averflraw ccelliticr  cca.r. Or A 
:tuft left instroitiran 1tqi. rorrre!pCetl .: to multipticatiare t treat .3,1 this 
cao  dttectri by tn.. er:!uti.e OR of tre  imra C riaras After the thift 
i. rbictir•ed.  aia:ircect carrier. tier to tr-lft riatntr.  they e it 

difficult to  snesnina to it. In the cote e tti TST instruction, if nn 
cart-, can taw generated try ccbtrert:ng /era thi1!•le :Arr>. 17L,;t b. rte .: 
and thti c flag stecni tie retet. rho e..1->:teht approach to  i5 
.tée'ffel tip t  it alot.t.r,'t convoy 4ny InérY 1Z.40O Ite4seM 

Trft orlv problem I; Pint  rartarameeri. era rot always produce 
Mowever. C•Cr bncurre:• code trozotim.e. woritt, itra 

rein hitooen fo. two rr_tatcrs, eitree the rre.1_11GOTt tioultr+D dcet not rhitt.-
trc incrarrert tree tu co•-•-ra In  Cer* y clever wat.. An Gael/tile 

M thu  ret Zee) ma," to found tr. trio TINY ASSEMEILF.P. doy : 
ElithettLiet.  L, Byte. lo77) whore we 11nd thta for:D./rig code: 

On the !WA!, thu 11-H1 instruition Followirro a :11* has tho eeee effect  . 
(ItlE inst ,iniinn IC is always :era) v.̀uth Is whet tre oreorancore 
in:ern:en. Hoeever cn tho 6E114 the uottina of tre C flap depends un ti-it 
laGt Instrtictia, that affected it and the nperitico o4 the SRI  erratic. 
Exattples  tflt% cal Or found thecinhout the 71117 ASS11/113LEF 

Wt.> =et le.olvire; 11111 uted  ENE erd  BCE), Tht• rerody .1=r 
trou :,cet of iercble--  sltrcilo, totter> 4ollow eac.h T-frr instruct:an by a-
AltBCC 43F1". re change oath brancra to its appropriate correct Fcrin, 

1 have not ce-e acrots et'sy cereles: or LnuittIson.il ratuJoes of U., 
Other tetiditaol cor anteialies, but they should be *Dome in nend if ii-
nttrerwise correct oro;ra-, he-La.'s?: erratic-illy of ter converiion, 

PURE :AND Iitrt.tYpE FROOP.A1.1f1  

An invert> pogrom is one which itindifies Itsolf In the ("Mete a' 

Altfetel arputo program.. ere always to t.e dIroZDUfiled. l'gr 
ék.a1ei.  en:eta:x =1gs  often  forced  clever  cloraramnors  to  use 
self-ore:I dying tochnlquoi to uzin  ooc- o  .4.ve tremor,. Ono of> the rest 

inemort for me Of trope.. :nude irwolved the fun tare rod:Ft:at-inn of tra 
tonitant offeet trfte in 3, indexed in:I-ruction. For exatplu f.tepti.l> 
= Mein, the clesi•ed aft-et tnetn: 

.c.,14 ;KS' 
XS (DU 8.1 

LIdi: 1.5 

woild CJ e B to bo 144der: front the kcat ioiven by fric- contant: of X 
olui the controls cr h. Krat:= that tre  1.11:Fi is tst to tei4Jal the 
current Grogram pcsItIan • p1us cra,. that is the.  n4 byte of the LDAE 
v.X inr.trtotion anti !-..:11,:a  instruition trienges each time the prcaraen 
se tarrioe out. Co the Gell the tame effect Cie be obtained ty 1111AS A.X 
And there is ro nerd for IrraLre code. The 6800 =de as givic, zbovo will 
not work no the GO O te:AUtle the c,ciirand Otte of the LIB 0,.X instruction 
ocrtair  cthor infor aban tram the bale; of !Pa onnitutt offiet - indeed 
zero affeat 16 treated as a specie] n.tie., !Po  dieter three. A direct 
tra-nslAtiort would °11'..F! to force the weer moite to eeo to ttf: clott alt 
oceittunt offset made and fr7CITtCr  :tea. byte.; ithi thin uiinif 140 
:riled entirety fce  offso: yak». 11.-.Itco  correct tr ens:afire% would be 

114 DO 
LeY E17.1 

Lt€ 

Morn" ott•ir  ex  't  can t..e fourt in czt:-Irwrzal cad*. 

The rain tra_ble w.tht the converiioo of cop_irr ,rarclram: ic deter:Inc; 
that they ar.a Jaipur.. vi Ifbc First place. The sure zipn triat a program Is 
Nel( -modifying: in tee prot e of a /a3e1 that ic attatchad to tto. middle 
of an InttruCttCr; tut, apart From that it's simply s weriticr air Ceerang 
that no Part of a program ..tor'-  % C.,etA in orr modifies ear exit:111e, 
Introinantil any et Se.. pert rd the p-oorarn. 

TIME. 

14.iirty eopliraticris of the bet) trot tre taint which ati instruracn takes 
to complete au a retreo of delaying a sr-Own arno.rit of tierc.Fce exar_plit 
a typical delay loci: atiçht tic: 

keen fl 
D11.4( DEC 8 

EE MAY 

Ctn.:Purdy on the 6979 tre delay prod.r-rd would be differce.t. Tr» anstee. 
À•1 this case lc sirply te work out tow Ite9 the 6E03 c.d• Lauk to pro.n.r1. 

el total end haw lore;  single loop wsrald take co the ete, ire, then arlice:t 
1. value loaded into 8 to give as rear to tro Game tiro a: pesiule. It is 
difficult to octee any dencrai  an the tpestion of trarrslation cf 
tystem ttJTiIPÇ, ex:opt to say that scch ttnitig Inert At» rot uneA system 
design practice  id V.r.›.:Id Ge revlaced by the uur of zyttem clocks, SYKC 
3-,struct tons etc. ter-err:re. trounrate, 
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r rem., CHAPTER EZGHT 
Grza:03 BASED COMFUTER srsrots 

A des,* co eroldn of a •E:»0 predran tr:tialty produces a tEeP pre-gran 
that take& Las nora &pare. The roascn far thic  Indt sortie fe5e.; 
instructions twee tr be cor:ed As two tei>a› IfiStrixttais: aleo tee after 
j:  ed  ccretaint, V can tab.e one extra byte wid tr.structiceo such as 
tra: now tata tna two byte Form LEAX I,X. In general A completely 
rewrittde C.F_114 pregram doing !h. %el's* t$,k wilL11•:1 tar'e less ot, at tee 
woret. tee tame memory :ease. Tee reaoon far this. I o that the more 
peraorFul .5e:r? Listnuctions/addracsinp modes can be t_nel1 in plate of 4 
ied of simpler 6E00 instructions. For oiaeclo LEAX 1sX wiDuld usually he 
itiscrted into An LD- 6X. unstructt . 

Ttns change in code Zenpth can preduce ;cue- :arts c; 

II lac+ if teal W ff (fdt, 
reo.rip:ev, it arcsreli rrl Cat urn 

31 ...tr :eitratinrs :f  Irresscc ta rieeer than olLa 
t.inrc  >tin 

41  ftiel ii:tr tt e ruces rrl cirsal:Cated 

Problem one can bí f»Dlot+it by either optirrnsung the cod!! sr _in vIting 
mote 

Problem two is cliohtly more cliff:milt. If a data area i& defined te 
start a: a Mad lec.ation lu&Jally by an ORG - Cet7In Stittom mt> It It 

put<aible for a nr ra...., are* to grow suffiGently ta overlap. /he soluticn 
is to -ce eiteer tre data area or a tecticn of the arcgram code to 
come-where  safe. The most Important paint i& Io teada for ORG 
g.t4tementl i•ortirddrei  thr rireira-t And t.rr if they are still '.ait. 

Tee tnirC problem to trivial. The solutton ts to tinply replace CyPty 
brancn causing errer by a long relAtive br h. Perenber howther. 
tinLI tens inireasrps ter. length of the program and brerchet that d:d nzt 
cause atahleqms before rniy M AC errors at the nert auoembly. 

Tro ;Petri and last prcblam idi 4ficult in that it cin be ristd to soot. 
fise.1  brAnCii i ene that ts not automatttaLly compute: 

by the assembler. For example: 

iwbwro • iné.friti the current point in the progmarni. This still cause a tran:t 
to the NOP inotructica. }e'en cenverted to -s-.r? code the e3 offset is too 
afl becauza LOX STF.X takes an hi:Ara byte. The •31i.flion tri this cast 

is to charigm the 3 to et 4 or label the NOP instru:tion and trench to the 

The trouble with Fixed length relative Ai:eft...sir.) is that it often goes 
unnaticild tri the middle of et. otherwise trouble-free pro;rarn. So ch.eci 
fer ény 'Irate-m.4%e exaresstnrs in the address field C' ANY unotructtart. 

There are  wide Twee of coneuter syateti& based on the 6809, from 
small induttriel unito far process central te large timeshare system:. 
Until remntly the ab>4 has teen associated with  particular hardware 
tr,in stArrIA.rd - the SfA - and a particular operating system  FLEX-
HatArder the trarcducticn of poreular uni.to by Tandy and Acorn :aye 
allowed a wider selacticn of basic hardware and the introdai-tion 
by Microware. Unifier by TSC and tee availeillty of Full UC5E1 FAF.CAL 
have widened the Tenor of eçorating  ystern. Thisin=eseed choir* t' 
both* bleasing and a curse. Previounly the S».? car triunity was rere er 
lac& ..cornittod to tre TY) and FLEX. Tries  reascr.ele degree of 
•tAniinrcili•eiticti  N ab;  pcmottle and hardware er4 teftwa.ro cet,:d be 
exchinged between spear's with littla ClefICUlty. refer.. gizng on ta 
decor-ilia the "other" tieste-:e we will ..2....rtine the 550 but. - w'ere it all 

Itarted. 

THE 5:() Bug 

râe fin i pnritiltt mirrobarrioutera were bjo ortentrit devices. That is, 
trey utei a standerti set of pli.ij in card& to allow tee user to select the 
re;u1red performance. This apornerh la Iliac carrmp-i treee days because 
al the rel.ezeicn in hardware costs. It is nnw easier tc supply as rrtiri% 
tba-dware as  - e.ee 14 it it not requtred - on cno printed circuit 
toard. This rs oftrn refirer1/11 to as the one board Approach. The moct 
succossFul Gus standard Mat the ;1100. It was used mainly with tee 0001) 
ir4  orcebo&o(s and to an ot•eicitie. standerd by which to ›dge any other 
tut.  briof coeparatido history or the S143 and SSO tuo C21 be seen In 

Tat le Ore. 

The basic otructure of the 050  can be coon in title Two. Neatly 
all of the bus lniii.i are derived fram the 'be«) HPO's corrals:nuns. Stxteen 
address lines nrcreide the came encunt of lid::•_eettlri; Ai. the SIOD. Eight 
In-dire:banal data lire, crntroirt with the 51004.: tarteen urn-directional 
dati lines.  Moot of the other lines err fairly straiphtfcrward and 
self•orinanatery. Anyone f.uniliar with the s;co Will be surprised at the 
relatively few control linos; uzed. That they ere enough. R tor•athino that 
cart only be prove clby expeneirm. 

Ire çreaten-,- difference between tl-e SUt and the SiC(i lc, in fact. nut 
pArt Ce Main to o drfinttior At al:. Trc SZO bus has Ah aualliary Ito 
ttet crinsitaieg of 23) pin:. I Not strictly 4 bus at all becetee nct all tho 
:in, .re parelloloil.) This to oomettmet referred to a-s the S.:2» tut and its 
cpecifications can be Nye.% in Table Three. Tee most unusual feature or 
ttn. S3.0 i.jc ts, the presenre of pin t an I/O select pun. /re 4.7.83 tyG iC 
crtugniaad that avert S» ous slut oatp ies a certain rum:Tr of Address 
lccatiore  f-our, but see the definitjce. of the 550C later) and wt.!‘"t 
ari addrelo in the stitit" rango is ciutcrut cr. the main tar. the I/O select 
pin gees law. Thie. means that any 110 card plinged with  clot need 
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only examine ;in ta diccever if it is beirl aadretzed or not. The.. 
cards need %or-' tittle cruntry  -•Gt curoopc. 

Although nut pert et  0 atareard, 11121a Sf/) ourtputer3 have eiee 
S-11) Po port:. Le.uully at tie roar ef the mein ctur.z:z. A tho S7,3 bus ar 
ergan3ted arourd the be» >CPU the S»1,0 tut 12 croanited areund tra 
éSbO'c paripheral chip,  tre on PIA, and the ter.° AC M, Thus P.50 
RS1 Are used az reg:stcr :elect lanes to deterrrnne which coritralfde:a 
rrgtwtrr of a M O' :5 beirc. .2i:fret...ad. /laving only two re;luter 
-lean!: that eaC. S3.0 eat cart on,ly e ase,' Four I/0 rcgicters. ran. ar_ri 
4.: ancrni gett er - &op% %tic]:a. trc MOSTEal e22 VIA. cannot [curet. 
IA PrcblPmcii-errorre with the advent of tte SfYe. extended tun. St e 
Tc retail. earf  zlct hat one 1i0 selext pin which goer. low when t̀e 
zlct t aCdfccsied and ocii.ines  caztinct addrette-s  the matt 
(5'r-cry  usually referred to as en I/O part. 

ExTreorDittiz.s mum - THE Ery:IC RIrri 

with ire Le9 tavivr tte need to increase the addrestang range at tr. 
ù bus. Also sore extra ccotrol linos used by tre M:0") are not tnaige: 

in the S4? bu  Oefinition. Thrisrprobtem, ewro teen OverCome by the SY.:11: 
buG dofetitore, PPi. main featuret of which can 3« seen in :able ran,. T-r. 
new S3C./C tars e?FirlIJc.n 15 giver: itt Table Two. 'TN, math laerrivetrehli 
are the pra.isan cf four extra address line:, olvt.s.a azcesc to ohr 
i.-egabyte at fraf.9 frettrny, 41%J two extra rcoirtar &elect lines, giving ea:, 
ItO Pcrt cite  oneffcry icoattorrz. rre.-.0 two deta31 rissi.e the sgpç 
coa dy for the ra.st generation of microG. Co-:paring tte lea0C with the ES. 
OefinItinn indicate-a t'ut 57...)/SX1 devices will want on the S'7.1C/ MOC Lis 
with little or oo modificatt.tri.Gairej t'e other way is riot always z.o eas t 
bi.rt mime man.ifatturers make plug-in care-c thAt r.n te uzed on Cot,: 
Vorsian., of tPitS ...0. 

5C21E   FRO M/CV; 

l-.mith West Technical PrOO.•Cts CCep 
21e W. Flaezody, 
S;:r. Antonio. 
TEXAS w,,p,1512/ 344-0241 

S-Arlic IS tte rnatrt manufacturer of S50 deeice3. Their product 1:rte 
ire: Wes Gtanoard  zyzternz e  bytes'. r-uttl.tner t yearn of 
128k  Arct  larger,  a %Loci, intelli9ent'  CCU,  eigr.t  inch doutile 
siCodiCcatlii Cfl ty Cisim. five irch <Wale sided/dui-tile denttity 
and a wide range of' interfaces. 

1.1.1 rote: they praduop trim lubiest res.t 6,801 Cti card and an 
excellent recces:I. contf'ol 6a49 cpu card withal-board et,4 RAM. 

5.t.icito Signal Ilroadca Ung - 
313-eé. Via Colin33. 
Weld take 
CA 01131 (21.2.189e-" 441  

5:-.oke Signal offer a = plate ri.rge of sIstemr.. P•cligwe in their gro.r.--t 
.anac ietiereealrig di..kcoltr011er. are as ata.-ced CF-I2 card. 

wo:t Sue-it:fir Ls:tn./ter t • 
-n0 W. Ceciar. 
Ciatte. 
?an -a 
Utt tel3i 70-3-273 

ttEI Ofier a 0:trtple.to range of cycterro incli.ding disk drives. etc. 

• 

CIIMIX Inc 
I 37 kre‘t 37tn 
Crzcago. 
IL 601101 0121 9.27-t.7.10 

7t» GI/11X prcduct range include: carrolete syctenr. era- 8k to ove. 1214, 
bytes. a 5,..0>orb main rtes.:is-bar, 'Tether tolrO arid constiot +.ol.tarie 
pC•41.9" it...112 b a Pugh  125t.x*Sti graphics board, a very pg'dWrful 
ar.d versatile CPU civil, dick ocntrollors etc.. Smoial point tc rote: GIMIX 
pr :e zone of the hireavat  Ualny to•rer a•allatle for tre 550 
Te? aie vrey committed to tte cinentift.:Jorocezz central zide cf 

computing. 

Adterman M etal System. Inc.. 
110 /i. Ycri Rd. 
Suits 208 
glint/arc!. 
Lamar. 60126 

An 5100 Otetipatib1e .t.D39 card if. available from Ackerman Ilivtal 
Systems. This incluies a serial port, 214 cc !A1. and up to 16k of R3M. It 

rhalarc a good alternative for aseane with a ttarciard 5100 yitem 
The main prcblen oF tre bee on the 5100 tit.ic ir the lack at standied 
3c-Itwarr. TN, car brr oven:ore to eane extent if the FLCX eparating 
sy-rten can be CueOrtst•I to fun with tes. avallab:e disk Crives tut Mt 
would have to te dcn• :or ciery í1O0 diti. controller before nix 

soFtv.are codld t* generally trancterred. 
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u(»-rrANDAren ntr us  

Acorn Ccerputert, 
4a Market MU. 
Cambridge, 
ENGLAND 
CS: *MU 

ACORN' con:uteri; ate bect known Fcr their low cast ete2 based rni.otont 
the ATOM.  they also prceur_e a niather of FAISCCARD sire 
mr..1vIes based on thr SW.) itnd the 4.KO. Theta. afta ideal fro, precui. 
contral type *Cr. are ray be mounted in a standard 19* lab rect.. Ttr 

s).stet: can rtri FI.EX sa it it fully software compatible 'tth 
otter te» cystcms. 7ho only drawioa.ok cf tho Al:OP.N prodirt  that it it 
roo-standard but ar..I any aild-onr. Jolt. irr.itt fat the mama/1U be 

purchased fro-. ACORN. 

Motorola 
lccrstaet through local agent or Gistribt.tort 

MC10(OLL ha; always st.pplicx1 conoJtar cyttcynt bated on itt own 
prod.nts. These haee trelitienally teen called deeelopment systems ane 
have been intended as ways oe Geeloptre; dedicated r dwarersoftwaro 
for contra acplications. "Their first raroo of praducts were based othe 
ée:.0 and ghei . tho gcnoral name of 'Escectser boards. 7hese wore c•F à 
high quality but rather expansive. The bs...; ctandard uted R similar to tee 
5-..1) but not identictl end cards are rot erchanoable. A ter? CPU is 
available in this range, 

Morn  recently,  Motorola  has  intralt.cel  the  Excretal  fur 
deve-loprent work usirg the  Unlike previous. Motorola systems the 
Exarset looks like a carrot/ter, with everythin; in cne  cast.. It 
co7ce. corroloto with a pair cf r,** flcopy disk drivos ale a cassette 
interface. Indeed to t.so the Excriat no extra  /dwari Sc recuirce. 
IA:though extra I/O titerferes etc. can be installed inside the cats. %la a 
Hotarcla defirod Eld pin bus., The Excuse: is excelie-st m terms of 
hardware  are, desicrs but the same cannot be said for its ss.çpltre 
toftwaer. Thr operating system XL-03 Sc primitive when pampered to. 
FLEX ar<f the ttandard mister/assembler pair are nothing ‘Petial. 
Motorail reconrend their new basic interpreter/compiler, BASICM fcr 
u:o with the 6.909 and it doe: havo SCOID interacting foats:ros. It lc 
cabacle of producing a posits«, independent rand hence ROKablel pseeds 
code whiet 15 a very desirable iesture for deveI rrient work but all in all 
I would rather :ire a true compiler fcr BASIC. BASICTS would be even more 
intarestihg if a FLEX vercion were available. 

The i-aln problem. with all Motorola hardware ha: always been the 
relatively hion cast Ian equivalent no based system R approsinsately 
her- the price.] and tte relatively poor taftwAre. av*ilAb:r. 

-E0-

7andy 
kontact tr.rouori local agent or distribLIcrt 

of z-re most impartant thinos to happen to the 6se? was tts cziccvoi 
7AlfDT fo, u:e t,s its colour- romauter. Tandy are hrst known  ttaur 

ranoe or TR. D conpute.-: - the best selling MID conputere In t'ne wsnle. 
The switch at Teeb ta a nr..0 Ce..f, the  wren they have Nid 
s..etcss with Ine :Es) tays tract, for 1.‘e  ;4u:13ht. SYrle features of 
the Tandy oc:crur =chine are: 4-32k RAM. colour DASIC in ROM. cassette 
1;0 port, su bit C. to A converter, fo.ir elar.rcl  Ost A to D convertrr 
and a rp.r;ber of cotour thiplay  odes From  x 19Z of f7Ur Cples.r• 1* 
rt-cfe COàfGle elplegy with eight colours, The coleus computer 17 neatly 
pad.tagrd tAlcr.a. LU keyboard  and rear exit conneztors  cr 
oTpansion Tho 7aridy ado., fnehlre 1G aliTeCC .1t the Nitre market zrei 
correputer game pleying to n it. relatpely steep ratout :31 ) and 7.erdy 
erpect 6.1:CG to exreed tents cf th r TI?:3•71./ mradele. Even Ity.n..nts r;eine 
clayir.; st It: men market. tr.- Colour computer sreAuld not be dis-assed 
I: .1 toy. It is powerfi.t arrd sophisticated and :enable of et.cn. As it 
Docarcn  p̂..2414r other marufryntrer•. incluling Tardy. 0/Gun 
brodure ace-o-s. Cr.  firm IFERCOM1 hsee Already preduced an interfare 
to the S':•D ht..: making av,silabla tho  range of Sü oe.lpheral cards 
ucatle from te Tandy Ccloir Conputer. 

Fkroom Data C>7:pn.ny Inc 
'Zit s rirty Canard. 
Texas 7̀.;042. 121 4> 77:-?-g2t 

FtrC017 eldrivF4dorii  a ruv:e cf S50 beards, CP17 ta.yllç and cut; 

tsf.troters. 

EC U:FARE 

To cover ti  c full range e  f k.EC.r? software in a back of this sue it 
impassible. All that can be cone tt to re mmmenei Cril or two pieres of 
çcoc software and leave the user to (onow te the addresse., given. 

FLEX 

FLEX it, alhoet without argurent, (hr standard Dperatang system fce 
tre  and certainly the bect sir...plc-user operating system for IN'. 
kErle. It is ....setae to. tr_o. user-friendly. rels ele are technically 
tconisticated. Some of the software awailabic seder ri.Ex: EAStc  
EX7ENCED I3ASIC  PASZAL tLi_loviatalp AESEMEILEII  EDITOR 
fTSCI. DEZUG - leattane Iturastur CTEC, LAB BAIC - control /anguege, 
T1%7 1-"ACC ele/JR CTECI DIAGNCeTICS (TEC), etc. 



UN'FLE-7. 
. - 

Unirl.EX 15 TeC't ar,sider to tho rived fee a tt.dra ch.areitu.dtt-1.41.1;in; 
cperatInct s?..;te.a far tha 62'05*. It  bes.nd an UNIX ard it.-....•,cForp 
pch.arf1,1. licrwileee, it temot ›e. sett' to te at otty to ute ar. FLEX. TN 
rr,,xt-ra,m •nr-her of  n 12 r..-d.1 hard dte.ks Qtr. can De supported, 
Ezrtreare  available  t_refer  tThLF1.EX  RATC  ITIX7.1,  EDITOR. (IUD. 
11S1:111tLILL.111T9), TEXT F C C  R FIECt, PAe...7.A I. 117fr'Cl rte. 

• 

0S9 lc * glew mu:fritter., -ult:-tatian2 ceerattr.; cyntom Laced tr 
UNIX tee* the é..EZÉ9. it i‘, lil,r ,sey  tit:ter. more dirficult to 
then rim but het the advanta.:e ever lir.1FLEX n ir,at tt t-
a tingle-titer eertnOlt  tha chanproavor to targwr t.frtr  lest 
D.:artful. Se:t ware ay.-ell to under OC 1 river! restricted t>ar, FLEX 1-,Jt 
trgLIL.tt...; PAS:0 . EDIT, AtSEMDtP, LIZEILIC-:3ER all fretn Mtcyc4.a.ro, 

UCSO FAECAL 

LICSD PASCAL em--et eertolete with xi oporatlnq  ggf gts 
1s teitiLe ir tend available en 4/1 or the orrert  Eoftv.,a.-* 

trbe.-er 1iC.DIlaudes: EAS1C, FORTF.AN, ED:TOR, PAECAL le4 
rmtnti or or  .:oetti51 pet., 

MI.TXtUes.T.,57,J.FY.LIERS 

Pre FLEX. UniFLEX etc: 

Tectetul E'rcter% Censuitants., Inc. 
Eat 2WO. 
West La fart , 
liZ 47'?06 1317) 4,S3-2-XF2 

Fcr C . atc: 

3,1;eroware, 
Zelt Grand Avenun. 
Des Vowel. 
lo a .51)304 t• Ira 279-E2-44 

Fer Lit.B EAEIZ: 

IntarnaUcnal Ecitteern. 
P.O. Pot 

Garden City, 
Finland 10711Y3/ 

For FLEX Itzezel: 

Ludt:41a Ltd. 
P.O. I3ax 12E: 
Ca.tbrulgt., 
CIR  Frql.énd 

Tatra s 7ethroIrr;i8K Ccfrovatp-g. 
7 3 W. $Sth Et.. 
P.O. Rot 12047, 
1,..erland 
ICantat •S.I.212 191e 331-Y5e-3 

rtiFORTtitill,"“_1 

(Inli of 1the most velt.mh)w coirce: ci 
tar-dwarø and coitelaro 1  micro hr.striar, 

E.3 Micro .3cu.rral 
Vei.e0 Caaaar•dra 7:»rnit:1 R. 
Il 7..  
TN 7343 

>Iv crly col:rent ii. - sat:trite' 
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:able T‘ev 

•  .•.•••  1•• 

SUI 

Pm" ict..j try  krin  SrEtà knt tech. 
Pro t t 19(1F1 

It OEli  11f1 
?nri Ull  al  41r 

Dthrr CFtbt  111 WM) 
hut t.à.v1.8-1 

¡Al  Z  II fully derivicel 
1/1.6 relt,.ters cad; 

le re•A'reff.1  MT! 511  'MX 

?ley edottir let  Pe"  Foy leer, cueeite. 

htnn  FID 

V rege  rat mictl 
e I trà I. it' r.  r 

- 

Sil ii•teE  cerezenre4 
(rel  LI. :I) 

:1 
C: 

etl/t 

tt5 i•vert.t.4 
14t-: 

ty 
reS 

Ag. 

IS )SI red Wet 
• 

CSI) 
(11I 

1  .09 

Hi) 
+EV 

416t1 
rat vv.)  teatur• <nut) au 
?MT  r.riL kezt 

Zzternpt 
¡YO  :ftorrut 
WZ  tb,fr *trod 
U)1  Ittr Clef %re 

nest tie clod 11-2 tr2) 
1.+M V,hd aàht trilicettr, 

rred,44-ile 
gr.ct 

CM1113)10 
11  F1i.v r,,a do:, 

tt) by)) lire 
rj) Lu.,1 

111:  33) Cloud lire 
111:  byyi 
nin  bxrd ltre 
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111£  WAMPUM 
litre 1 to 311 
LE13  tede erfep-1 
1C4  eer« 

0C1 
CFO 

nit trotl  loryrticn IIr1xI pin 

339 

inistrr stlett 
tsl tel.:ter iduct 

ct 
02 
03  elert bit 

rt  ct.r.à 
ti 

12 
Rd14 
.01.1 

lab 
it 
111•1 
1110 
1.1.)b 
Mir 
I/13 anti 

1 

Table Four 

lunIse Ito chanoeti are mttawn1 

Wef  101  1.1.1̀,0111: 

reir erg  Is•rtry r....th lire Ifcr tItu rerfrui 
eg:  Mir  We. in vie 
in  f1;13  Ft inten.rt n-i t leé,rw ecç intortr. 1 
'..E1  13  City+, Lita 
I:  E  ct e 1w 
it  its  e à li %ten 
1lb, W M  fift rer_eit 
Itie  —s 3.  it 9 

Ult.  

GM  
1:11t. SI /*A 

7‘..lw Five 

IND/r14 tne  ..vnawni 

LID EZii YtE  . ÇP ire uts 

110 Ir.. L.: 
Ff3  1rcitby- ulret ltne 
fee  FoC. 

633b 
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din C111 
telV 
MKS I:FU 

Ties, Six 

CIPPLv7i 

At Igest tt.. !pet 
kir cerere. *err 01Trel 
'tr me, it:up-et:5'i et 

11.er.ey  An tees fro% it" tr :ra: ea?: pAri 
diiirre4 fetters 

tao Ct eisr̀t Carte: LeM Z 

Feetui  e tO.Ir ZI M U [t e als 

M an  Intefttrt ord irft,•rvol 

ŒXJ1 FSZ 
(Pf1:11Ct4 

A ta D's 
D to As 

FIS 

cr  CES1111. 
Olf 

feh  16 t riE 
Ruth ru t ME; 

Fr.1. 12 zrol 8 tat tees 
Fist 12 Drill 13 bit t..aci 

Wan tow res Zfrb1C% 

rekiluttcr, rserhici tad 

With eves fcr te.h  re5 
Without rtlsc-. fe ir erd 

ffaIMPTE  erej 
erotic  tr» and 

it1U1:11111 

144 
117M 
th U 1S1J1 

W14 
104 
F04 

No4 

A04 

W.% 

se. 4 

4.1:1• 

Frloacar roto ovo,lcaf iu a Itzt ol othrr titlrn tit are aeailable tr nut 
'HUD of Radio, Eletirceici  Conbuter books, 

Ther.e r.RotlIC be availab:e from roe go «,  Cenoonerit.. 
and Mall OT der Cocrçanlos. 

emloult1 yct., erpt--le.eco• difficulty in obtaining any title in your 
Ire& t ten ptrate write directly to the publishers eniloging payrront to 
crt•er the cost of th* boat. itir. aeowate post aDr 

If ycv ticuld like a ccçey of rip tritest cat/de:Ls, of Radio, Electronics 
Zoinniter blakz, then p enerbd a tta—prd. addressed err.rlope la: 

1 

Ell 1A M 13ALJANI (pLbli5hina) LTD 
THE GRAMPIANS 

SHEPHERDS BUSH ROAD 
LONDD:1 l 74F 
ENGLAND 



.4.)  Oci Des.,r,, ve e 74 e, PIersr  leap 
)31  Itit•feer e0 .,,,v.3 Oie .i fell re•902949912 I 9vherie.•  
eY}  Pro *nee 1,1 le P. 2 emeeembor e nol.....•  le, 
7:I  14 1 pi wa 1,.....»,  
7.1  Sat é Slab SP an * hi eretion Ix H era»  
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Cì 44  * vs 1.....{•̂.1  11.43 
ling  Pre pgré. e Cfeee.49 dowe red,.  1.TI.l 
1.2411  elele• Ge seat L2 we et:.  1 4,. 
Sell  itla..• ?"....arit.... eii4x 4e.  I .3a• 
Ce4 I  C e rte C efeoliU 1..-à dio eein  1.2sa 
O N 2  Per/ pr Oari. v.Ic Pilot..  I A 37 

I..7!4 
MI ,  ( %mart,. • Um* ...If Creelee t.,. pi...tn.*  13%, 
nut,  t ‘..i Prebeeee Twee., me Ra•or I M. ! Ma tj 3.) he let trelei2e M  13'Ne 
110.13  Peale eiel II led eieu Spemeekee ...1 p....r...  2 vq. 
w t.s  e2.3.1 free « 4.1.-a•  1.11. 
Ctil4  : vi-rtipt 14C.222? Lye fat  1.1ià 
Les?  et, » 1,..t ter"... C w. Se• 4 :tile Coc a »axe  
p m,  PR) 0.-.0 n U P. 7•X, W irt En  112o 
orb a  leueed rie,e2 al pens IC Pd....  I leo 
18,e3  Iteaid twee» eLl .2.• if he e.... Te.. er, I el& f en. i f A n..  I Ave 
1):1.  ti er« s G..à• rs Cip ut Ti:Priii...  irt. 
D,t2  C i.e....7 er C/ irice - fe n I  3.17.15 
Mtn  r ...et. •I 2.1e mirde, .. Lee» 2  2210 
W WI  r ........ • al Plitoà•erd.i . P... 3  2 :Iv 
1.44  14%0 i IC P. el.:4  1 top 
lieel  Ilt erin Gà. el ta IIserc e-àciiett wit terr4.1. 4  lei,. 
01-17  CCellIf• ClIew old .41.4"il 0 oho 1,eiirai  
feel  0....et wi $.• .1 >Ps h›fl  1 f So 
me i P merlon. Cm...«  I.714> 
Crr:n  fr.:wear His à •...It& ..à bie 0...I  a/r. 
(el  Coc-s vec >DJ Bret/ IN 3, i.r  I A. 
r e:  A IL•ri x.erirvr P M'«  ijedo 
pen Pf...... C. t d Peneee,  I.210 

tile. wee FAA. P•Gieeli  1,;•,e 
LE'S  Oran e•.; Tin f a..:eiwe Carat...0k*  I Mire 
tr>5  N OW S.red he.»..- n  
re7r  ti••••-r. rI P Itee,....-ire - !..r.• • I r.» 
èse.  Pele•leol Zareee.••• • *pee tee.*  1Ln° 
fe n  022•2.4 CC., VG $2. Ili? e ea 2  1:VI. 
ten  PSOtte reCINYK Ce0./. - 5%4 7  tin., 
fell  etr...ilwe C. •..4.4••• Pr? sert t..e..> 
u m/  K w .... Pre(oeee l..• Pip Ca Le emao  lefe 
1.41  VliCti Oterc12  9 "U. 
U $4  et 10 e re  t WI, 
M I  I • •••••••16elie' e r t 1,1, t ', Moe n C.**  

A. I...4. w. ... fte.,‘ er.......et ricr• *III  1:21e 
lirtr  Kee+ WI £1 0.ee le e [...We 7  0.2te 

Let)  Ciirer to tr C boa ea fa .- IX* li  

f e »  lip>, 7, 1/Kri  I ••• 
111?  .e• freyveyr ». ,e N ee Q4...  1.lig• 
Irr, nev. v.ve c - eve/ - Carr. r4t Cer.rnekt  Lit' 
C MS  Plipeeteeele r,... p......*  
I rét  bird ',eel Peuteele le, G., or*  

it>», .1..•..... 0.4../i  lees 
le»  C a P»¡•608  1 XI: • 
112?  K rell-re,' re tweernm  
M g)  reprair C tiertri-c C.a..] - Coed. 2  tzar 
IP eri  w e la w, I. eeIrt rlIelt.1  1.34i1 
UPI CO  2.• lelemeem e-e le V.2•41  lea 
1121°1  Pee. é• I/Y.22e 2,1.deeelbee me  CG: 
(1102  f r. trvIrà  

11. w.11ria 4-ii  
rptn4  erir weir kir•rte fi•A PC7  7..12, 
111ca  1e4 r...4...,  Efeira 
2122.2id  b are, teal, * P.I4•...  I .Cr:.• 



4 

BERNIE BABAN1 P102 

The 6809 
Companion 

• The 6809 microproœssor is becoming increesSingly important 
as more and more manufacturers use it in popular machines. 

• Mike James he been an enthusiastic user of the 6809 since it 
was first introduped and this book has been written for program-
mers who went tO make the most of this powerful microprocessor, 

• It is a work of reference whkh includes the topics needed in a 
machine companion: history, architecture, addressing modes und 
the instruction set Ifully commented). In addition there are chap-
ters on converting programs from the 6800, programming style, 
interrupt handling, and about the 6809 hardware and software 
that are available. 
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