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AP-SO 

INTIIODUCTION 

The Inlll 8089 I. lhe Ik.1 1n1-.!,.11tCI 110 ptOCu_ 
.... 1..,1 • . fhla 110 procl.oor ~Op) mikes IVII labltl lhe 
POW" 01110 eMM.I .... u"" In ,,*nfratM. ana mini· 
compUI" •• In • mlcrOCompUI" Iotm. Dalglllld .1 P.ft 
0111'1e MCs.u'~ Ilm lly, the lOP un III Inl'rlacltCl .. Itn 
1111 MCS-fIt)T~ .nd MCs-e'" I.mlll • • II well. 

An 110 cl'llnn.1 l,bUlellly I procnoor ramol. I,om In. 
m,ln CPU, wnlen ItId~""'ntly ",ns UO ope"IIOII' 
upOn commlnd 01 IhI CPU. To "III, lhe IIOI!IIIO U , 
tiling LSI compO",nt,. It I, I lmll" 10. mlCroproc.soor 
1,..1 1. tlm ..... ulU~ • .., with ' OMA controll ... bul wlln 
IWO chennels ... II'~. __ • tine. lhe eon prOCo 
.. _ I, opllmlH<l 101' 110 .tId multlproensor _ • . 
lIon • • • tId lhe DMA 1\11 _ l1li41 much mOl'l IltIxlbl. 
th.n .. llIlng OMA toI'llolI.re . , Ifuly g_ral I'UrPOH 
and po...,.,ull/O COtIlrol.ylllm I ••• ,II.DI. on on, enlp, 

0111 to Ih. unlQuene .. ollh, 8080. Ihll IppllCIIIGtO nOli 
WI' .. ,II1.n 10 ".1, .. a,Dugglng ,I,.I,gln ItId pOint 
OUI ponlbl' plll.lI ... flln d,.,loplng III lOP ,y,"m. 
Debugglng.n lOP .y.l..,., I, "1)1 . Imll ... to albugglng 
mlCfQproe ... ofIOMA conlrol l .. 'Y"""' . and mlfly 01 
II'Ie l.chnlq .... d .. c,IDId 1IIf' .... 1."""", mlClOprOCo 
'''01' IIClIn!Qu ... Ho_ ...... ..... tlIKlor .... ~ .... t 
wh ich Cl n cornpllCatl tn, dlOUOglng pfoee .. , 

1. Multlproc .. "'" Optfliion 

Attnwgn uubl, by Itlli l. the lOP I. aeslgn.., 10 QI 

ulld .. lIh Olh., proc.IIOf • . All I.elore norm.lly ,n· 
counlerltCl .. llh multlproc."or opef.tlon. Including bu. 
.rell,.tlon. proces,o, co mmunlc.,Ion, c,llIe.1 coda H(:. 

tlon., IIC .. must III l<Ia,.,1Id In t l'le allign and _ug 
01 III lOP .y.t..,.,. 
2. OMA T .... n 10 lOP PrOflrlm b .c\lllon 

TlII .... IIOI'I.nlp betw .... lOP prog .. m •• .cullon .tId 
OMA I .. n., .... Ind I.rml",tlon I. allt .. ",1 lrom l1l'i'" 
OMA ccnlroH" •• tId ,'-lei III lu lly u .... tood 10 I>fOpo 

arty run I'" .yll.m. 

S. DlP*fldIncy 01 PrOflram. on IINHlm. I/O 
Op.ratlonl 

IIlIIul,_nll Dy 110 dI'olc .. 10< m .. lmum data f'llI 
.M ml ~lmum IIttncy II ..... lore. tl'le .011 .... 1. JIfOC' ..... 
me, to be ....... 01 hardw ... liming c_t .. l~I •• tId can 
com~lIc.tt pn>g, .... debugging. 

.. DUll ChIon"" Oper.llon 

11.1".., 10 mult lproeltlOr Ol)Ir.llon .na rul-tlm. 
a'IMIna,nel ... I'" '''0 Ino.p,ndlnl Ch.M.I •••• II.bl. 
On Ih. 8080 may h""Q be CQQrQln.'ea with uc~ Ol~" 
to m.k"~ . ... hool. Iy."m lunell0n, D'plna.nc. al on, 
cl'll~n" on tM other con 1110 comptlute "'bugging. 

O<J. 10 Ifli eompl"ltl" 01 ' unnlng In • rlll·tlm •• n"" 
'0....-1 , II mlny .1_ at _.ibl, .I>oulel III III<'" to 
l.cllilltt dltwgglng. A m.jor Mlp hlf. 11 10 m.ke 'u" 
at mucn 01 llIe NoonI ..... _ 1011 ..... IS POsslbl. I, 
working 11110 .. running ' ... ·tlme ttlkl. Thl. I •• good 
p,.,;:llCe .nyw.y. bul It ,'-lei III ... mp/lul.III II'IeI , 
compl .. multiChannel .yll..,., Cln QuICkly get out 01 
h.tId " more lhan I I ... Ihlngl' " not rlg hl . 

An .1d 10 alOugglng ...,. 'y""", I •• el .... Will 0f0II> 
1.111 IYII.m deS/{In. TM eon lInas 11""10 tt,uclufld. 
moduter IOftw ... Inl"'_' 10 IIIe "otl CPU. vi. Ifli 
1l""""~1t [nllllllzallon ItrUCIU<l. ilia paraml1lf com. 
munlCttion IhrouQh II" per ..... l .. bI<>c~ (P8> ..... 
So .... ol lhe asPIC" 01 "tuelu,III l>fOQ,ammlng 11'Ie1.la 
d,bugglng .. " 

• Top Do wn Progtlmmlng _ Th. lunetlons don. bV 
~·le .. 1 'Qutln ..... w.1I una.retoad, .na Ih. 
~umbe, 01 p'ogram II . ... whlc~ can Uull mOre 
1IT0fI. II mlnlmlzl<l. 

• P"", .. m Modullrlty _ Small. "IY to """'Oe WI>
prog ...... can III alllugQld l""'paneI",lly. Inc' ... · 
Ing II •• cnane.,halille ",tire lyll..,.,.111 work 1111 
IIflt Ii ..... 

• Moduli, ~mOI""" - 8y """'ng III p.rog,IrTI 
modules comml/nlCll' Qnly through. w"I-<I.UIIIId 
In llf l.c •• on. module', knowl"'ge 01 Ih. "Inne, 
100rlc lngs" 01 .nOIIll, II mlnlmlz..,. SVllem '011· 
Wi" eomp l • • ll y I •• educed. Updlles 10 Pf'OQ'''''' 
module. ' f' more f" l,b ... IQQ. 

T_ major ..... 01 a.bugglng will be OUllined III .. -
lill ie (0< tunclioNQ oet>ugg lng In which Ihe n..., ..... 
I na IOlIw ... If. no! I .. t'" In . fNl-time ",YItonmenl. 
... 0 , .. ~tlm. debugging. A~~lylng • logic '~YZ" to 
lOP debugg ing .. III , 110 III upll.lned . • na • fI"'_ 01 
lOP ope .. Uon.nd potenll,l probl."" will III dOI'It. 

STATIC (011 FUNCTIONAL> OElUOOINO 

Till pflaomln.nl .. rore In • Iy.tem, wh. n lI,.t tried oul, 
If •• 11 111, .. roll In Impl ..... nllllon (I, • . , wrong nGOkUPI 
0, COding tr'Of$1 Of . n IncO<TlCI Impll""ntttlOtI (a 
wrong .SlIImpllon ....... w"',,). MOIl 0I 11'1e .. bI,lg. Cln 
QI lOUnd Ihrougn ,"tle debugging IIC"nlqlll, lhat." 
1I1II.lty ... 1" 10 work wllh th." r .. ~lIm. letllng. 

H.nI.". Tilling 

5tJ ilc h.,(jyo· ... ' .. tlng II do", m.lnly 10'" II .lIlnd~ 
. ldu.1 parIs 01 In, .y.ttm work, 10 I~. wholl 'yltlm 
wil l " pl'V" wh ... fun. Th. 1 ••• 1 01 tilting C.n run I,om 
checking 10' continuity .na .Mft. ( .. ~ Ich lind' on ly 
h_u~ ."Orl' la Iryl ~g la mo .. d.t. arou nd 111(1 run_ 
nIng UO <ll>lc" lrom • man llo< 01' opeel.1 11.1 p'ogfam. 
(whlen Cln .1&0 lind I_TlCI clfeu ll design). In . 1I t>ul 
I'" . lmpl .. 1 Iyll,m,. ,'" I,ll" appro..:" I, recom""""lid l ine. It 11'"11) tow.ra, ""tw .... dlOuogglng. 

5_.1 appro.,;: .... to hI,ow"e tullng will III cov .. .., . 
lIunnlng a~nolt le progflm, (.uch II. mon llor)OUI 01 
II'Ie lO P', ~oll'Ylllm. In bol~ th. LOCAL.na II[MOn 
medii, .. ill be eovlfltCl , Till ClM wnlf' the hoo.llyll..,., 
cannot tupper! ai.ynottlc .ollw .... Ina mull ~'"' .n 
.. ", ... 1 p,ocenor 10 .... el .. tile lOP 'nd III p .. lpn. 
".1. will .110 III IXpl,lnea. 

Tn, e.M ... here Ifli ho" IV-tim "n fUn a llQnolllc, 0< 
"" prog,am, thlt h ... Int".,;:U .. '''If 00 . • uch II • 
CRT lerml",1 0' tIleIYIMI. provlde.,h. motlllrlight/of. 
..... a way 10 , .. , till tOP. N.lurally. betor. Ifllil pro. 
g'lm' c.n III 'un, IflibUlc n .. ~ ... mull l>I cor'lCl 
,"""g~ 10 run pfograml. WIlen thl, palnll. retCnea • • 
mOf' IIO< p.ogram CIf) be ulld to , . .. clse memory.na 
00 controller. on Ifli .yllem bu •. 
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11 ,I>oukl boo ...... 11 ....... ,11.' aIOI, o1l'1e. '''''" lUI' 'I.tlng 
,..1111 solt", ... , If. llelplul 10<" "".twlr, onbuggJng. 
Will!I • nece .. ,ty 10< ..... 11_ OHIuOGlno .• Io9le 
.... ty .. , I. ".0 • detlnit, help lor ,t,tle I\II,d" I" 
debugging. Itl .... in u.1 In hIIrd .. ." debugging I. 11\ow· 
II'Ig liming 'elaUonshl" boo ....... _ .... 0< .,.,. 1*111, 
,11(10111 ... iO .... , •. It I. especl.,ty ulelul lor lu r.cllonal 
ao/IWlr, debugging, 10 be <MIC,'bM! lroo<tiy. The "., 
oeouoglng ..,;tlon "",!lines ''''' uN oI.n .naIJ.I" with 
the lOP. Of COlI''', .n oeClliOSCOPI, logic pr~. and 
pUl .... , .'e .. c.n be uMd 10 II..::. out ,,,,,,, 'Ile logic 0< 

'iIN"" problem • . 

lOC,tll "'_ 

WI'Iln tile 101' II funning in ' .... lOCAl MOOt, .11110 con· 
IrOlI ... _ memory If, .cceuii!H by the '-, Of con· 
"00111 "0 cpu, T"" • • "."".td monltOf, • ....::11 as 1M on. 
.uppli.., with tile SOK.a6 or naJ labl. rOf ,"" lsac-
811112'" cIa'MIopmenl kll, catI l u rel ... " ... "' ...... on 
,'" I)IJI, ' Tl>e b",.kJ)Olnl routi".., Mwe.e •• will no' 
wonc d ... 'OJ the dIU .... nl II'Iitt'uction H'. The 8086 Of 
IIOBII I. be" lulled lor running ,"" lOP In th' LOCAL 
mod' du. 10 lde nllc,1 ItIItU ' II"", .nd 11\<, timing , .5 
Will III 'M R~esllG .. nt II"" wlllell eliml .... ",. bu. II· 
bll .. ll"" M,dwI,e. flg u .. 1 .how. llIe ge ..... 1 LOCAL 
mode cOl'lligu .. Hon. 

. ' ''' so.; ___ "" " . .......... "" • _ .. 80IlI _"" 
''''10~,_",_"""", .'' '''''_'''_'''''''' 10 .... 
_ ...... ,, :Io ' ~ __ .... _ ..... ". ...... .....,'0 .... 10 .... .... """'" _ ~ ""_. 

RElIOTElI_ 

FtOm , Il"t.m de~g" .t~"I ...... nl"9 1M lOP 'n 
I'" REMOTE __ II ", .. n.ag ...... ,n III •• II ' .... 0" • 
.ho UO ~u. eyel •• ',om 1M I~t .... II\<s. Norm.lly, the 
_ 1.110 il not lCe •• s ibll .o !hi _. CPU. Unlll 1M 
lOP II .t>lIto ,un I •• own t ... PfO'Il,.ms 10 .'"n.'" d.l. 
I'om 11,. REMOTE bu. 10 tM .y.l .... 11\<1. 110 controll ... 
.nd memory on Ihl REMOTE bu. will III InvI,lb\lto 1M 
11011. To get . ,ound till' protll,m du, lng p,ol04ypln\l. 
.llh' .... , . "mll proc_ Int .. IKI <;In III uHCI (_ 
.... , Mel lon). ... , .... pOr.,., DrPU' can be ""'1M 10 ae· 
ran ,h, REM OTE 1I\<.ltOm lilt .,., .... bu •. 

BYPlsiing 'h' norml' REMOTE/SVSTEM Inl .. IIC' I, I 
IIIncty lteMI .. u. lor dOIng Pllllm'""ry Mrwgg lng "" till 
REMOTE OUI. This un III don. ~'!TIIfTIOIY"Inapplng till 
lOP", I/O sp,'" InlO .n unused JlQrlIon of th' 11011 
C PU"s 1,1,em fT ... ,.....,. optcl. WIlIn _lIlng till, 
IfNlCI. tilt lOP ..:e .... 'o UI OWn 110 _PIc. II d illbl"'. 
Ind a IIP1 .. I. lit or I<ld .... tK.1I .... I .. I\IC ...... Ind 
bul eonlroll'aNlI bull ... III __ . ROd. "'" w,i'" 
e.n III", be (lone '0 1111 10"" .. 1, In.cc,nlbl, REMOTE 
twl by'M hotl CPU. 

A Ilmpl. 1,IIIm (fl gur, 2) Impr,m.nll '111 , byplnlng 
..,11"",. " WI' d ... I\I_ lor (us, forc ing or ... mlnlng 
d •• lel' on th' RE MOTE bII. Ind mlV not .el(! o r writ, 
eorr..: II, II Ih. lOP I, Ilm ultanlOOully trying 10 do _ 
eyel ... A ....... sophllhcltld orbIt.llion lyate<" would 
p',ml, fliisbl, ru n-time CII&eki"Q .110 . 

..."" -

• ......... , 

« 'OL''''' ..,_lIS! 
, . '''., 

,_,. __ «>CAL C ". ·• _ _ _ 10 .... _ 

A-SS 



AP·50 

",,,M ....... • 1 '" 
"" OY 

0'" ". ·1 ....... 
<""''" • 1 

_00_ 

I""" c,"" 

.. to •• 0',.. 'Y 
I 

I 

~ 
I 

I I I 
I 

I I I I 
I 

r---I- --- ' -l 

::9= ., "' ....... " I 
MWM I ,,,,"M '0 .,""',. 

,/ .. , ". 

.- - rr= 

I ~""~ 
• 

- .... ' "'. • 
I L -

K' 

I 

~l --- -

3J 

r .ce ... ,_. 
.i ____ :..J 

• '0""'" ... 
... ., . ... 
• 00_'0.,. -. 

~lgu .. l . ~ ...... _ ...... , .. Dol " ' " 

Runninc Ihe '01' In the REMOTE mOde. paftieula,'Y i' 
'h' MULTIBUS'" protocol I, adh. rodto. rlas tne advan· 
tage that the lOP can be • • ercise<! wit h any MULTlBUS· 
compatible processo •. U tne main process.,.. I. nOI 
amenabl. to being usod .. a deblJgg ing IDOl. anOlhe' 
procnso. cOuld be used to aebuc the hvd",.,e inte .· 
lace. u tne mlcrop.ocasllO< I, Of lhe same type as Ihe 
Intended hoat p,ocesso,. soUw." debIJggi"" can be 
done as well. ~ cenerallzeo REMOTE mD(le conflgu.a. 
tion using tnt MUl TIBUS Is shown In Figure 3. 

E.t .. o.l ~ .oc ... Of Intertoet 

A. 'echnlque'h., e.n be uud lithe t>oal pfoceno' can· 
nOI run sny debuggl"" o. monitor roohnea Is '0 ~". an 
e.lernal proce .. or tie into Ihe no. l proce$$o.·, bus. 
Tnis Is ""lull! the main ,ystem CPU eennOI run an In· 
I'''eilv, monitor O. othe. debugging program • . U • 
MULTtBUS Interta.,. ls Delng uSed . an 8269 blJs arbitef 
ar.ct a HI 0' aOd resSlda,eJcontrot t:>uffe,. can be used . A. 
somewnat s impler sy. rem. ,'mlla, to tne ,emote blJS ae· 
eeas system mentioned lbDve. could be used lor Sialic 
deougC'ng 01 non·MULTIBUS , ys te ms. ~oaln. II !rue bus 
arbit" tl.., i, added (wnlch b.ing, u, nea.rty '0 s MULTI· 
SUS Inter'eeel, it COUld atso ~ used lor run·time 
lesllng . Intet p.oce .. .,.., Ihat n.ve the MULTIBUS 
Int erflce include the iS BC-l!OIro"·. ISBC.86/12"', iSBC· 

60J1 0' M, ISBC·60105 ' ~. the Intellec~ development 
system •. among others. 

In the pre.Iou,'Y d .. ctlMd system •. the .. tern.t proc· 
eSSor woutd dlsabl, the hoot CPU 'o ecceSS to Ihe bu" 
eilher t:>y scme 'o.m Of bUB .equest 0, by. '"brule lo.ca·· 
disabling 01 the CP\I', bufters. In the I.tte , cue. the e . · 
1Irn.t p.oces,o. could only ContfOt tnt t:>UI du,;n~ 8 
lime that In, CPU I, nalted, wlihOu, deslroylng the P'" 
g .. m lIow. Mapping tne processo,'s memory space Into 
Ine .. tern.' proce,so. memory 'Ptee I, the ,'mp~st 

method. but can irn~c t prog'ams being ,un on tne 
uternal pfoce .. or. If ,n, processo' under te.t utilize. 
tne MULTIB US Inle"ace (with but arbl1.atlOnl. then a 
processor like the IS BC-eOI30'Y or iSBC-86I12'" could 
be u,ed as Ine debug vehicle with no spec lat ha.dware. 
~ more lle. ,ble Inter'ace that wou ld have leu impact on 
the system "",mory spaca wou ld n, .,tne Mldrenes '0. 
the , ysl em unde, test cener. ted lrom I.,ehea I.,..ded by 
the I/O ins1tuetlons I,om tne e"lemal p,ocesso •. Th is 
CO"" mu.' nt •• loltw.re .outlnes to Interlace to the 110 
pOrfS and llandl' lhe desl,ed debIJgg lng 'OU ll nes (s" 
Figu,e (J. 

So/tw ... Te.tI"" 

1\ I, des l.able to Check as mucn 01 ,ne lOP P'og'''''' as 
pOssible s taticllly, since 'adou, toots and techniques 
I re .. ai lable ",hich may not De uut:>l , du,'ng real·tlme 
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AP-SO 

tutlng. T~ls "atatk:" SOllwate leati~ ISl>Ot ..,p llC&Dle 
to Mavity l/O-dependoent o. DMA-d.pendent .""Unes. 
bIIt la be.t sultlKl 10 longe. compur.Uonal or d.,. han· 
dtlng .01111 ...... , 1l>e Idea II 10 ,", the cor • .."n ... 01 
algorithm • • "II ... Ih.n Helng II Ihe .. l>Ole .y.I.m ",nl, 

TI'HI •• a.e , .. 0 .... in ..,p<olchea 10 luncl i""" $011 .... . 

tesllng. On. II to essential ly 'un the p.og.am In .... 1 
lIme.nd mOtl llor p.ogram 110 .. on. logic anal yzef. Th. 
dllterenc. bel .. een Ihl. and .eal·llm. le.lIng Illh., pre· 
g •• m .ubaectlona can be tesllKl.epa,ately by u.i~ dit· 
le.ent TP (Tu~ Polnler) starting addresses. It II I. 
ntoeenary to '" UP c ... ,.in '''0'''''' o. p.oramel .... In 
m ..... ory. a .m.1I ·· setup" p.ogram can be ,un aile< inl· 
tlallzatlon, which can load up ,agl.'ef. 0' memory. Ihen 
lump 10 Ihe Pfogram . ect ion d"I.IKI. 

Anothe. t..,hnlqua I. 10 fun Ihe p.ogram. wllh bf"'~· 
pOint routi"'. $0 tflat 0"" can .t.p 'h'''''g~ COde 
. egm.nt. and lollow ptogram "Kullon. Solt .. .,e 
t>rwpolnt. are u,u.11y ImJllemented b~ I",efllng , 
jump or ,estafl 10. monllor .ootl", at the breal<poInl 
locali"",. Thl, jump or .. "an I, "",china language 
dependoenl $0. unlonuMlelV. lh ••• " lIng br .. ~poI nl 

routl ..... , .. IIhln monllorl 10. lila 8080 or 8086 are nol 
appllcabl,. 

Ne w .outlnes lallo.1KI to Ih. 8089 ""n be u.ed. and. II 
done propefly. can ••• n be used 10 ex.mlne program. 
runni"g On, REMOTE Du •. U.lng t>rNkpOlnl.l. scm. 
whal complleated on lh. 8089 beeau .. It-.. minimum In
.'ructlon lenglh II tW<ll»tlllS. The .. i. nO .b.olule CALL 
In.I,uction. ontv a ,,'atlve one (which .. OUld have 10 
h •• e it. di.plac ....... nt r..,.,lculaled each time it .... 
ulad). Bul ... ith .... e,al·Dyle aDaoIule jump in .... ,ed 81 
each place a tlfNkpolnl II dell.",. lull breakpelnt 
""p.l:>IlIIl" ""n be obtained . 

n-.. ..... fTII,nV "'~5 II'Ie DreakpOlntl ""n be impl. 
menllKl, wroen a b'''~pOInl is reacned. lhe 8089 itsell 
could outpullhe m.chl ..... SIll, 10. conlol, th'ough lis 
own roull"" • . Selle. suited 10 debugging. though, II a 
'vltem that I\s.t lroe 8089 place lis m.chl ..... II.'e In 
memory. aten lroe 1>0$1 P'OC8S$O'. ar>d the" hilt . The 
hoot then pick. up Ih. 11089'. state.n<! can "eal ll In the 
I.me way It .~n. Ita own bf .... pOInl ,oullnes. Since lhe 
hosl processor il more likely to be ,unnlng a monlloror 
10m, olh" kind 01 <,.bugglng roull ..... (and m ... 1 Ilk' ly 
hn al lea,' la mperary COIl$OI, 110). lila Ih' log ical ,y,. 
lem to Inltlata "'" examine 8089 b'NkpolnlS. II the lOP 
I, running In lila REMOTE """". and Ih' "",t proceuor 
~u ace ••• 10 II'Ie 110 DU I . 'a II'Ie 5clleme menllonlKl in 
Ihe ha'd ..... daDugglng .ltCllon. lroen lOP program. 
running on lroe REMOTE bII' can be ,.amlned. 

TI'Ie bfwpOlnll1sell IlIn con,III of an .scape '!lQuenee 
Ihal I, used 10 ".. •• II'Ie TP ... Iu. I nd Jump 10 II'Ie"">"9 
roullne, <If J"" "ump 10 Ille ...... , oollne, Thl •• oollne 
sa ••• a ll ragl.' ef conlanl. lor t~e ch."",,1 Iha b,Nk· 
peint i. in. "g""l. Ille hO., p.oc.. .. o., and s l""" Ille 
lOP. All us., p.ogrammable ,.gl.t,ra (GA. GB. ac, IX, 
MC, Be. TP). U well as II'Ie pointe. tag .... , accessiDla, 
The PP (PI'a meter Pointe., and PSW Ire 1>01 no"",,lIy 
accenlbl •. but 1/ lhe g-e ..... "Uon 01 Ihe CA I •• l>Ch Ihat 
Ih. lOP ""n send llsell • CA. Ihe" I»t sending. CA 
HALT. the PSW will appea' at PP + 3. R ..... ember Ihlt 

.Ince tile lOP doesn'l h ... e .. lIhfTIIIllc o. logl""l condl· 
II"", codea. llIe PSW I, no! U Imperlanl as In ollla. 
m.c~I ..... 

The mOIlII"lghtt(lO'Wvd .. ay 10 pa .. da,. f.om lila lOP 
10 Ihe I>osl processor II Ihrough Ihe PB (Paramete' 
Block) ar ... linea lhe PP will no.mally ....... ,n relall.ely 
UolKI Ih,oug"""t th. lOP po'ogram. In order nof to in· 
I,'ng. on Ine PB areas use<! b~ t"" programs, .... area 18 
bylas long ."""Id I\e alioca llKl at 11>8 end 01 the PB 
blOCk 10 ""Id Ihe ,egiSte r conl""' •. Uaing olher I'eas 10 
alore Ihe r"O'"., dala " qul,es sa.ing and reloading. 
peinter reg lat" as pan 01 th. breakpoint '"",pe 
sequence, 

Tile data returned Irom Ihe Dre.kpOlnt sa •• routine will 
apPN' 10 Ihe ""st proc • .,Gt al • ,eQuentlal block of 
data in Ihe PB •• ea. SI"~n·blt dal. can easll~ be .. • 
Ifaeled. bUI 2O-blt POlntef data .. ill have 10 be 
reconst.ucled lrom 11>8 fTIO'/e POinler (MOVP) lormal : 

, .r " • 

:: .. "s! ,Fc·c·,·;·;.·~l l'·;··· LI _·····_··,-~_·"C·'··-·'-JI ~::::. 
' ..... ' ......... ... 

Seve,,1 mNn,.re .... II.bl., c signal Ille 1>0$1 proce.$O, 
tl\&l a Ilfeakpolnt has!)een 'eaciled, A bll cauld be " , in 
memory or an Inl"rupl "nl 10 I~e CPU, The be,1 "ay, 
thoogh. I. to use I~' BUSY lIag (al CP + 1 o. CP + 9), 
AIt" .Iartlng lhe lOP. Ille BUSY llag i. ,.1 10 FF. When 
• brNkpOlnl i. ",achlKl. I~e lOP performs ilt n>"9 
.aullne .nd doe. ellh., a ,ottwa'e o. CA HALT, These 
... ull in cI",rlng lhe BUSY 1180, .. hich Ihen ,lg ... I, Ihe 
CPU 10 OI>IIln •• lId t>reakpolnl data, The CPU can '''''n 
rell.rt ''''' (O P I»t elth" a CA START o. CJ\ CONTINUE, 

The br ...... poInl ,oullne oolllnlKl abOv . .. III wOrt< 10' a 
·'ona-.hol" ,,,1. HOW"" .... 10 be more useful .. a 
gene",1 pu.pOse doebYgglng tool. some .ell ..... fTlllnls 
mu.' be ad<!ed, To k~P Irom destrO)lI~ tlla prog<am 
.. h_.e. a b.eakPOinl i. placed. lila ,upe ... l.ory pr0-

gram rUMing lrom Ihe hOl1 PfocessGt mull "ve Ihe 
lOP cOde ,"., i, occupied I»t lila "c&l'e lequence. 
Wh.n ''''' t>rNkpOlnl i, completed and lOP .ncutlon Is 
10 ".um,. lhe hOll Pfogram restoreslhe lOP cod •• sell 
IIIIt TP in the ca .... blIrck to wh .. a Ihet>reakpolnl .... 
placed, and s ends a CA START. S ince Ihe lenglh 01 each 
in",rucllon can be lOUily lound I.om DilS 1 _ ~ 01 the op· 
co<!e. a s ingl. s te ppi ng lunction Can a"o be dOne. ' B~ 
Ih. lime Ih il is implemenled. lila host proo •• m il 
~oming a lull.lledged debllgglng routln., Appendl. 3 
aeoerlbes a debugging program thaI makes use 01 ti.e 
Ideas prasenled h ..... 

B.Nl<poInt ' '''''ines can be quite useful. bul lome 
. estriclion. and IImil.,ionl Ihoold be fTIIInt loned. TIla 
proceno' , .. mln l~ Ihe t>real<pc-lnl. m .... ,IIa ... access 
to the lOP program memory. ,lth" dlr&CtI~, o. Ih'~h 
lOP Pfogr.ms Iflat . 'mul,le dl,ecl a""".s. Th. program 
memory mu.' be In RAM, Tile D",akpOlnl mu.I be 

., .. ...",.1&1 .. Ion"," '" ,.", ..... " .... ' _ , . ....... Ol . l. ,~r .... 
1.0 . 0". , (Of Oi" l,h 011 • I I" Oi' h '1 ' I M U'Or~ 
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I 
p~ on In Inlltu<:l ion bovnGaIy • • no multi pi, ........ 
point, mw,1 nol boo p l,oad SO Inti 'hey ... e<I~. Tiler, 
""'Y btl • .,.,.. 1"'!)foCl on Itwo liB __ CA ~.lIon .... y 
"" .... 10 be dIU ..... ' lMn ........ 1. Eli,JI, despU. H .. .. 
IImlt.llon., Ih. bf .. kllOlnla oUe, . .... ,ui .nd nIOfe con · 
.... tlonal 10ft ..... '. ~Ing tOOl I""" .na')'!. .... 

llEAL·TIME TESTINO 

Running In lOP prour .. In III final .n..;..........,' wllh 
, .. I 110 d..-.,,, I, 11M! IfU' , ... 01 <lyn .... IC Ollefition. 
The program II no long .. In I l ' IUe, 11IO"'IMI ..,.Ir(lft· 
.... nt. The _no. 01 DI.IA and mump!'OOH~ng ""Y 
, .... 1 unplenn.., liming dependenct .. 0< crlllc.1 •• e
lion prob"m •. T~ ~ ,110 be MCIIont 01,*"""", 
Of "'It ...... which couldn" be '"led .,.tl(,l,lIy. th" 
mey "" .. buOI. The ,,,Il0l, purDoOse 01 "l1le 01 l unc· 
IlONI ,.,llng I, to dig , ..... Pfobleml OU, ..til"" <:Oft. 
"",,"n\ deClugglng tOOl. CIIn btl uMd. Slnc.II' ........ nO 
simple lecnnlquH lor , .. I·tlme d'bugglng. the u .. 01 . 
logic . "''' ....... yz.,.nd 'Khnlq .... to lully 1i_.'lnd 
tile lOP', ' .. ~tlme QPk.tlon ",III be _phul...,. 

MuIU~I.lng Ope"lIonl.nd ... I-llme uynclWot!ou. 
10'0 '-'I .... !. can CIoU ... !he U<fllng comp!".ny 01 !he 
• ,11"",," 1 who!. 10 . I.e beyona the JIOlnt 01 como"" 
comP, ....... 1otI b)r ,n indlwld ... t. 11 II u ... n ...... 'iot 1,..1 
leehnlq",. 10 _II" COIf&eI ...... "'. "'ed. Til ... In· 
elude gOOd design melhods. "o&elltl, • elll". Will· 
,truel,,'ed O",on. II w.W., QOOO lllllng. '" Il>ofougn 
'"! , .. ul ... !he .nnUOt Ih.1 lhe . , ,,.m .l>OIIla be 
t". led 10' 10Ilu'81. "the, II'Ian t.,led lor eO'rt<:I ...... ln 
otner _t. _ I_lei I,., 10 ..... k. !he ""tem ,.11. 
ttltl .1>OII1eI be C" OIIn 1,..1 wi ll pul lhe wo,., ,I,u. on 
c. ltlctillmlnil 0"". 

Tht tleIt WI, 10 00 I"i, 1.10 wrill ' dllOllOSlIc poOll,.m 
1"" pull 1he CPU. lOP •• nd I/O d".lu. Ihroulln llIe 
...... 1 c",-I.~ Ilming 'no:! l>fOtj"m ~".tionl. 
Ideotll,. lhe O/OIIIIm ./>ovld "" .. U-chtcklng .0 IhIol It 
CIIn be ,un wlll>OlllllJll"f'llllon . O/Inllng Iny d.11 or O/Q. 
g •• m ..... 00". 11\&1 O«u •• mUCh Wkl • memOf)' 1.11. 

Tn, Iwo mlln ,"H im' p'OfJIlm arNi ". In.uUiel'''1 
0)01 ... t .. or 1a11t'lCy. trld t,il ictl seelion proOl"", • . To 

;-..... , 

lnl lor dll. " .. 0/00"""". run I". ""I.m clock II Its 
10W .. I • • pte!ed 1,"'Iu,,,,,y Ind uM memory "'" I/O 
.. lIh """, ... "m .. peel"" wlil II.tes. identity I". 
,llIhln l _"m limine_ "'" Iry lo"'ve lhe ... tc:llon. 
cOlncldl witll WOfII ca .. OM'" 00" Olher """"y bu. ,,1I1\la. 
Uon ( __ I c"",,neI OpefIUon laler). ClIllctl seelt"" 
probl ..... CIIn occu, .. hen , .. 0 too.pend .... t proce .. Ofll 
communlcale .. 1111 tlClI OIher .. i! h Imp,oPt< ""'ndsfl.a,k· 
InIl.M T"" can , .. ult In one procUOOf' misting tnO\Mf'. 
"''''''''0'. or I.en 1\.I.lng !loOIn p.ocesSOfl """0 uP. 
...Itlng 10' etCh othe, 10 go _ad. The..o PfO"kIes 
aids 10 thl"" poot>l_. Inc luding lhe TSllnllruc1l0n 110 
Impitm.nt .. m~!>O,e.) Ir>d I"t BUSY It.g . HOw ...... 
.ny Inltfproc ....... eom",unlcltlon (1""ludlng ..... ..,.. .... 
n .. 01 Ih. lOP 10 U .. O!"." IhouJd be c"ee~"". a ...... 
o j cult wh,," "'" p,oc"uo, i, run ning eOnt id8f.bJy 
'lOwe, I~.n the olher (d", 10 OMA OW8fh_ 00" c lleln"" 
,"I!ruellon _U8tICIt). 

Til. !ocllnlqutl 10' ' .. H I ..... dtbuQ9lng _ trom 
luncllon.ltesl lng ullng • logic .noly.",. For.1I but th .. 
.Imp, .. t I ytt'''''.'n ",.I)'H';1 .... nlial. line, II can 
g ' lf)hlcloll, 1_ 111'00"'" • • ee .. llo.. '1Id timing ..... 
1Ion,hlp. during , ... I·tl_ e . tc:utIM. "'11011\.1, .Id I, .. 
cttl.)leCI ,,"IIIQo&COpt. Trillll"lng lilt acOpt lrom lilt 
Iogioc ..... I'H'. lilt dell, CIIn "" Mllull""10 !I\&t .n-, 
slg ... 1 In !he .,.,,'" c.n be monIlO"d. 

TO lacl,,,.I. 1!'Ie .... 01 lhe logic .... Iyu'. 1SJl8C1.11)r If 
II. m.mO'y II nol .,ry _p 00" whl n IIllng It !o trlgg" 
In oaclllOlCopt.' r.ptl lljyl 1"lem ctn be ,,_ to con
!Inu.tty upd.l. I". dlspl.y. U,ine 1 ,epet ill ... fI!Iel 
hllo' 10 d"bug IIIe .olt ..... ".", .. ". int .. ltc • . II"", 
OIClllOtcOpe or lOgIc .... Iyztr o,ooes e.n be IIIdlly 
r'r'KMId "00"'" lilt elrcuil 10 obi ...... ne ... 10 .... ,. 
.. II !>Out m .... ".lIy IItrlog"lng I", dllpl.y. "" II I 
.1"",1111. the 'IS'" 10 lhe ...... , O/OCIlsor can be I!'OJ>. 
&d."'l' ... ...,. 10 mI. Thl proc .. OOf' .. Ill til .... prooillot Ille 
' 100 chlnnel Ittenllon. (C"") that .ft _"" to I .... 
Itioli" !he lOP. __ Ihi, i,n', lenlbll. lilt CA. can be 
•• le' .... lIy fo,e.., by .lthe, •• trlng of on •• ho!t or •• 1 .... 
pll p'oces$Ol' willi 1I",lngloo9l (IUCh II I SOK-85 or 
SOK"~ So. Flg,," 5 100" Inlll.II,.Ilon liming. 

~_'11 .. 1~~}~ .. e. ~ .. e. .. ...... .... ' , .... , _t. 
, _ .. t' __ ... ___ _ 1 . ' 
, -1" '"1 , , 

r , , , 
~, ... e", 

, \. '" ... " .. , , '" , .. , .. ,'" , 
.... : ''''''-,,.- - - - -" / 
~' -----=' ~'--~. ! _".7 --.-' -,-, ~ ,- -_ .... " -, ,, ,--~,~-
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MemOf)l p,ol&c:!ion of lne 10f' 8nt1 sySlem p'og,ams Is 
Mlplul wM"" <!ebYggi"ll OM'" _,.lion. II is <lull. NSY 
fo, ru ....... ay OM A 10 wi pe oul memory. Anol~e, p,&c:au' 
lion 10 avoid 1~ls p,QlJ lem Is 10 selin upperllmll on lhe 
numbe' of byl" I" ms fe"'" by 11", . ya spacifylng a byle 
counl le ,mlnallon. 

lovlc Analyzer Tec:~nlqu" 

In 1M absencl 01 elher powedul debugging sys tems. 
Ihe logiC analyzer has snown 10 be an , . I"mely uselul 
1001. Beclu," 01 ilS Impo't. nce In debYgging an lO P 
,ySllm .• ome !>&SIc lech nlou .. and ebH",. tions Itlal 
,olate to monllct1ng 10f' operalion will be ... iewed ne r • . 
The pI " leul. r brl nd or Iyllt of an.IV2e, uSe<lls noi lOO 
Importanl , Oul would be desirable 10 h a."t ~llol lo ... lng 
1"lu,es: 

• AI leasl a ~.·bil dal' widlh 
• Fle. lble ulgg Rrlng and qualilicalion control 
• ollPl ay afl er t'igger lng on a l18Quenee 01 Iiales 
• Captblilly 10' h . .. <!ecimal dat8 diSPlay 

II i. be.1 to h(>Q~ UP to the addre sS/dalal in. s .llhe lOP. 
U oppoS&<110 looking allhe h\>8rale add ress and dal8 
lin .. , ,lncl 39 II",. would be required JUSI to 1001< . l aO
d,ess. dala and s talus !inu. The I~ree lower s ttl u. tlMS 
s~ou l<l be monUored to show the Iype of tlus cycle tie· 
Ing run. Ollle, II"". can be CO<1",cted wiler. needed. a t 
places li ke Ihe DOO Ii"" • . the EXT lines 0' olner lines 
, elatad to the &Yl lem. 

Fa , g,,,,ral PU'DOH debugg ing. uiggaring the an alyzer 
on the ,Iolng edge 01 Ih e lOP clOC k ' hOw. tne mo.t 
usetul dala concerning OUI cYCles. Ot course. " sing Ihe 
1'"lng e<lg<! may tie MC ... sary 10 check carlain l ignall. 
parllcu la,ly ones t f>l. l are ""Ii .. only ... hlle I"" ClOCk Is 
low. Ttle lollowlng discussion i. o..aed on S8mpll n-g 
ds la on lhe clOCk', ' illng adge. 

One Mould be caretul when .eWng up 1M I'iggering 
10' the anal yze< Ihal I~e deSl,ed eY1!nl Is whilt II dll' 
played and not a laler ••• nl ... ltn Ihe same I';gga' wo,d . 
Th is can happen wn en lhe logic ana lyzer is In tna ,epel · 
111.e Irlgger mode . 11 may ,et'i9lle, belo,e the . ylt&rn aC' 
tUl lly ,eult. A UQUlnce reSl. rt feature I. helpfu l. 

Ttle !>asia ot lollowlng P"'ll,am execullon and o MA on a 
logic ana lyzer Is 10 lollow an 8089 bus cycle, which Is 
Idenllca l to a BC186 and B088 bus cyc le . The tO llow l"ll 
diagram shows a Iypical 8089 ~U. cyc le. 

Fer general pu,PO" debu gg ing. di splaying ... e,y cloc k 
is u.elul. ~ ul for Quickly 1I n<llng one ' . ... ay arou nd a p,o
g,am, Ihl analy,er can be quati lled so Ihal only Ins nuc· 
tlon fe tches ($I'IUI ~ 100 0' 0(0). with ALE acti •• , are 
IrapPe<l. A mucn mO,e complCl display 01 .. ecullon 
110 ... resu lt • . 

, 
" , 
" , 
" , 

.-" ..... . . """"" ....... u .... n ., ... 
•• •• ~ 'OI. .. n _ 
. , " , . , » .. , ....... . . .. ... 

.... TO' '''''' .. ''. ,Ul ••• TOO .... ' . .... 
• ... '" 'n~ """""""'_ "" 

" • • • , • , , , . .............. '" CM .. ou, ..". 

t ... ""' ......... "' .... .,.c .. 
"",. 100' .... , ' .. 

" .... or. ",. "'IITCO'U """" . ..... OM, 

AS menli(lne<l ea,tier. on a 16-bit bus. mos t ins"uctlons 
ol"rtlng on odd ..ad,esse. won't ohow Ihe lirsl le lch. 
si nce 1he inlemal queue is In use. n II a gOod idga in 
t tlat ease to u~e only @ven In.tructlon boundaries AS 
t,lgge' wor<l'. When 10110 ... lng dual Channel Ope'allen, 
one loou ld k"" a n eye on lhe uw&r slalus blls (53-56), 
slne@S3 Indlc.l .. wh lch c hannel ls,unning(0 . CHI , 
I _ CH~I , and S. IndIcates OMAloon-OMA lrans h,. 
((I~ DMA, 1 ~ ncn·OMA). 

A REVIEW OF lOP OPERATIO N 
(Wli h Ih lngs 10 100lL ""I for) 

When Hyi ng 10 get an unlamilla, , ySlem going Ie, lhe 
fi,.1 lime, II Is 100 ... y 10 siumble on appar""l p'ob' 
le ms IMala" ' eally jus t une >peeled oper. lion mode. 0' 
peeu ll.,i ti" of the mach ine. Fo, Ihls ,eason Ihe bas ic 
princip les of lOP operallon ... 111 be 'evie ... ed he, . ... ith 
spac~1 @m phnll on DO$sl~le proble m araas or plllalil 
thai" U'@r mig~t encount., wl"len debugging a 80!!9 s ys· 
lem. T~e loplcs are cove,ed gene,ally in Ihe order en· 
eounlered .. I"len b, lflglng up a s yslem. Fa, complete 
<!elall s o t operation and some design e >"mplu ... It" 
8086 Family Use". Manual. 

RESET 

RESET must be ac llve (HIGH) lor al 1 ... 1 lour cloc~. In 
O'der 1o lully Initi alize alf Inla,nal cl'cultry. On pow.r up. 
RES ET shculd be held high ler al leasl 50 mic,osec· 
onds. T~e Chip ia Gn ly ready 10 ICce pt a Channel AtI . n· 
l ion (CA) O<>e clOCk atle' RESET goes inac ti ve. 

Note that Ih. SEL pin I. sam pl"" on Ina I'lling adge 01 
the 11 .. 1 CA alte, RESET to lell Ihe 8089 "'helM' It Is a 
maste r (0) 0' • s la •• (I) for It. 'equn llg,anl cl,cuilry. II a 
m .. te •. il will ' Slumelt has the Ous hom 1M beginnine. 
" a . Iave , il will . I,ot>/! tM RQICiT Line 10 req ues t tne 
bus baCk 811~ will not . ran any ~uSIt8n. fe," untlt It has 
!)een gt8nted lhi> bus. II 100 m5lm line I. 001 being 
u.ed, ma ke sure I~e lO P come. up in the maslar mod •. 

Inlllali. aUon 

Upon IMs litst CA after 'esel. a l18Quence ollnst,ucllon l 
is exeeuled t'om an inlemal ROM. These InSlructlons 
pic ~ up ",,'arnete .. and load dala I,om the I l n~ed Iial 
seque<>ce (Fieure 6). n e ins lruc tiOn S8<juence Is eSHn· 
li.lly: 

MOva SYSBUS Irom FFFF6 
LPo System Conf lgu' atlon Block ISCB) Irom FFFF6 
Mova soc t,om (Sca) 
LPO Control Pointe, (CP) rrom 15GB) .. 2 
MOval "00" to CP .. I (clea r. BUSY flag) 
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~,bIIo' thool lour byt .. mual boo 1.le,* "urlng an 
lPD. II 011 a lMiIl bu., wllh ",.n ""' ..... ed IIOUndarl .. , 
onlV .111'0 '''e,- art nil '''; . 0._1 .. (hI bu. Of_ 
IIOUndwfoul. lour f, 'el"lu art nll_. 
E .. n I~OUOh nO bu. cycl ..... run '0 fe. ch 'M" lro-
struclio.'>I, .'" CHI Talk Point ... fTp)I!)pUI"'on 'h. lid· 
"re .. latch .. durlnO Ih. ~ort Inl ... n.1 lelch perlOdI. 
On pow ... up, .ltIa .,"" I. """"'ng~ .. , bu. ". Ili!>'U. 
II .. RESET Ia uNd, 1M Tf> """,In. unctoanoe<l lrom I .... 
Ind 01 I .... tUI prOgram run. s.. I'l!Iu ... 1I lor 11II,I,rt 01 
• 'Vp4ca1 Inltl.ID' /ori MQ .... roce .. ",-W,"" 011 • lOGic - . 
BII 0 In 1111 SYSBUS Held ..... Ina l<;'uII (Of pIoy,leal> 
• y ..... bus wicnh tn.! .he !Of' npecl • . In .111 e-llj. 
mode, only byI , ace ..... I" mldt. and IIIS·b;' <1111' 
aMuld Ippur On . .... Iow.' elgllt dl .. II ..... In Iha '6-bl, 
_ . WOfd I<;caa .... earl be ~ (II I .... lidll, .. , I, 

_ n> •• 11 dat, 011 ... n ""' ... nes '''~I'$ on Ih' """' ... 
_l1In, dal. Iines •• nd til dall II odd ..:1<1 ....... l"Ile'" 
on 1111 UPIII' 'l1Ihl. 

BII 0 in Ih' SOC IltllI .. " t .... phy . lcal wldl h 10. , .... lIO 
b!,Il. TIl, .. _ rults for '''' .y",m bu. 8j>plv "" • . NOI. 
''''' t ...... bit' " ... uld "fllOCl !lllaclu.' h',dw.,e imp", 
m,ntalk>r"l and . rt no' to lie contU"1Id wllh tht DMA tool. 
C.I wldlh' tel by I .... WID Inltruclion. 

I SOC 1111" I, 

" " with Ih' 8086 as Ihe mUl er 
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T ..... mNI .... (8086 or 1!088> ca~ _ la" IM-Ixttt IW.y 
I'om Ihl '"., (8099~ Of1ly lilt .1 .... can 01 .. back t'" 
D<.IS. In 01"'" WO«II. dutlng D ..... Iran.f .... 1M 80IB 
wOUld not "' ... I .... D<.I. takln . .... y. Thl, I, tilt 0II1y 
_ COmpatl bl1 wllh 1 .... 1!OB6 or 1!088. 

WIIIn two lOP. , r_ bli~g u_ ott Ihe •• me bu., t .... 
RQ.oGf ci",ully c.n boo pul InlO an lQuai priOtily """" 
lIy M"lng 11,. R 1111 .0 ....... A.' .... CIII only be ora~11d 
Ih' D<.I' 11th, _sle, I, doing unch.lned Inti rucTIons or 
running Idl, c)'CI". Thl mNI .... c ..... ", ... 1 till bul 
to.ck Irom I'" .It ... ct 'ny II ...... n .. lla¥t oranl, II II d0-
Ing unclllint-d instruclion. O. 1111 I. Idling. The _It ... 
and lit ...... pul on "_\Ially 1M .. mt prlot"y . 

AI lhe .nd 01 1111111112111011. Ine ··BUSY· ' II"" of C HI I. 
CI_IId. FOf ' v".ml 111'''''' Iha 8086 il .. alting lor lhe 
InlliltlnHon .. quence to _ belOrt OI.I~Q anol~"" CA., 
It Can let tM 8USY fI.g hlg~ prior 10 Inltl.llzatlon. Thl 
BUSY lIag OOlng to ... I. , '111" IlIIt lhe !Of' I. lIIdy 'Of 
onolh ... C A. It I. Import.m '0 ramtml>trlha! the lOP will 
nol fe'pond IO, nor IIIcll •• CA during'" Inltl.llzatlon 
"""Uln.:e. 

C","" ... , A'''~Uoor. 

T ..... mlln 'ylillm p.oeano. Inllla"" communications 
with I'" lOP In .ougtl '''' CtIIIInei A""'"on (CAl i"". AI 
m"'Iiont-d ... 11 .... Iht IIrt! CA ""'" 'Vll_ RESET I ... 
illlll .. , In. lOP. All , ut"'QUlnl CA. c.u .. th. lOP 10 
00 • l--.olep PfOC .... It "nol ItI~ I .... CII-' eo.... 
lrot Word (CCW> 'rom tilt tpptOpN.lt chlnnal " IPP) lor 
ch,nntl 1 or (PP + 8> 101 ChIn.,.1 2. (SEllt tn. IImt 01 
CA 1,lUng dtltorrnl .......... chf,""-' 'Of ,It 100Iowing se
IIOfIl.1 T'" tow .... II" .. bill 01 Ih' CCW Cotnmond I'leld 
(CI') c .. txamlned Ind thf,n caUM the lOP 10 e.acuta 
t .... d,""'"" lu~Cllon. 

C""' .... nd I'Ie'" /C I'J 

Control 01 I .. k block programl II .CCompll.hed 
Ihrough ,'" corn ..... nd l i8l<:l. Tht .trtou. CF function. 
,re: 
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" IXIO - E.,ml ... 01"" llald only and .. t BUSY lite 
001 _ S,." task p<oor.m In 110 IlpaCI 
011 _ Start leak prOgram In .yllt ... mamory 

Tht ,ta" co..........o e.u," me !ot~wl ng Inl!rucllon. 
10 boo .. ecuted out of tile .... i .. nat ROM: 

lOP CP from (CP) + 2 (C HI) or .. 10 (CH2) 

LOP TP lrom (PP)(lor TP ..... y" ..... ) Of 

... OV8 TBP lrom (PP) (fo. TBP in 110) 
MOVS I '·FI'"" 10 (ep) .. 1 or + II (IMI BUSY flag) 

111 _ H .. LT chonnei. BUSY 1110 cillred 10 ··'X),· 
110 _ H.liLT c~lnnel. Sa", s ll" 01 m.chlne Ind 

cl_ BUSY lIag by '"",utlng: 
MOVP TP 10 jPp) 
... 0\18 PSW to (PP) .. 3 

... OVBI ··00"" 10 (PI'I" \ or + 9 
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Tile ~N.nnel wil l HALT at>d 1M machine will co.,. 
lin ... ueculion "n Ihe OIMr channel or go I" iO le it 
lhe olher channel Ie Idle. 

101 _ Conllnu. channel. The d"lannal I, ... 1....:1 
,'Ier' HALT by a.ecullng: 

MOVP TP Irom (PP) 
MOva PSW lrom (PP)+ 3 
MOVBI ""FF"" to (CP)+ 1 or +" 

( .. I BUSY Hag) 

Do nol do 1 CONTINUE auer InUl.llz.llon wlthoul doing 
a CA START 11 .. 1 .Inee IIIe (PP) register In CHI II Uled 
a. a lamporary reg lalar (10 hold SCB) and I, only corrtcl· 
Iy lOaded by • C'" START. 

Tha up~r ~ blls In Ih' CCW will hi., aifeci II CF _.000 
or u...,n a CA START. So"... Illlngllo nole lboul 1M" 
uPP'< tflldl Ir.: 

• PrIorIly 811 _ 11 both CMnnal, are <kMng luk. 01 
Ih' urna overall prlorlly. 11">1 ",1<11 wllh 1M hlgner 
prlctlly bit will run. If 11">I!>florlty billa" 1111 ... ".... 
execulion w!llallamlle belwH" Ih' IWO cMnn,ll. 

• 8LL SIIISus LOIId Umitl- Keeps nonch.lned I.,. 
Slructions lrom occum"" more oflln Ihan once 
e .... ry 126 Clock •. Ho_r. c1"llnnal attention Or ler· 
mlnatlon c~lIs. even on Ihe olher ch.nr>el. m.y 
dlorupl Ille .. ecl lime Inl ...... 1 to the ne~1 

Instruction. 

It .I>ould be nOled that the seiling or clearing 01 lhe 
BUSY IIlg occur. alter tl">l ioedln.g or storing 01 
.. glsters. I<> 11"111 In •• yltem whele th, mlln CPU UI" 
Ihl BUSY flag as a lorm 01 "mapl>ora to tell when Ihe 
lOP II Iruly Ilnllhed. the .. I. no dan.ger thai 1M SCB. 
CPo Pf' or TP could be changed belore Itle tOP load. 
Ih,m. 

All<> , Ince OMA termlnallon cycl .. and chained Instruc· 
tlon .. ecul;"n h've' highe r priority lnan C ... . 1t I. poSSi
ble lor CA 10 be ""Shul-out"" by these hlona' prl",ltl .. 
,unnlng on Ihe olh" channel. How ..... ' . s lnca C ... Is 
-,ways I"ched (except durlno Inlllal l""'l len). It wen·1 be 
10rOOlten. 

1-10" Can, C"-nn.' b. 1-1,,1«11 

Somellmes a channel may stop Iia o~.tion un<lx· 
pecledly. To ", wllat could cause IlIls . and Ie .hew 1M 
impacl 01 hall l"" a chanr>el. Ille .arlou. ways 01 slop
ping a channel ara explained: 

H ... LTED CH ... NNEL _ If tha chann~ hu n .... ' Slarled 
alter Initial ization. II 1\ has ,ec,l.ed • CA H"' LT eotn· 
mind 0< •• el1ws .. H ... LT. channel O()6rallon I, ous· 
pendld. If 11">1 ol~r channel can run . It wil l. elll_lse 
Idle cycl<!, will run. Only. C'" START or CONTINUE un 
resume 09",.lIon. 

W ... ITING FOR ... OMA REOUEST - If Ihe ch.nnel is in a 
50<1rce or desllnatlon synChronized OMA Irans!er mod<!. 
II wil l wall until ORO i, acti •• before ,unning il l Iyn
chrenlzed transle,. To minimize th e Impact on the 
ov<lralllh'wghPUI "'tl">l Chip. IIIe other chlnoal c.n 'un 
during Ihese ORO w,it period • . 

W ... ITING TO GET THE BUS BY !!mIGT - If Ilia lOP has 
gi.en Il\e bus away .Ia FmiaT. it won·t Initiate any bu. 
tran olera until It h .. Ina bus beck. The machine will run 
up to jus l belore Tt 01 I bus clock cycle and will Ill ... 
,lite lIS II<Idressldl".nd st.tuS pins until It has *n 
gr8nted lhe buS. 

WA ITING FOR RE"'DY _ When 'uMlng bus lransfers. 
READY Is .. mpled" T3 01 a buoy cycla. II Inactive. Ihe 
wl>ol, chip wil l WIlt until f'lEAOY ooes .ctl.e. 

Tha lut two cHea 01 wilting (or ··wIII" II,t,,) Ilop Ihl 
w~e ch ip and dO nOI permll Ih' 01111, channel 10 run . 
How"".,. with RE"'OY Inacll.e or wllh Ina bus nOi .c
qulrad. Ih ... Is nol much lhat can 1>1 dona on Ihe othe< 
~lIan"'l anyway. These two cllSe. only atop 11">1 chip 
WMn runnlno bul cycl ... Any Int"",,1 eper.tlonl un 
proceed without II'Ylng Ih' bus 0< wllh Ilia .y.l ..... not 
READY . 

Nota the dilier. nce I>Ilw ... n when the chip II H"' LTed 
when u,lnO l'mIcrf end III extern.1 arbller (6289) lor 
bU. arbltralion. NOI 1Ia.lng the bus due 10 R"OKa will 
Inh lbll 11>1 bus cycle lrem ,.,n s lart lng. Since the 8289 
slOPI lhe chip by lorclng AEN Inacti'l. WhiC h goel 
Ih'Olt\lh Ina Me. clock o,n"alO' Ie I"ree f'lE ... OY Inac
live to Ihe lOP (e, 8086/1ID!I8). a bu! cycle h., al,Udy 
bean started. wllh ALE .0H<1ed. and tM _rell on tlla 
addma/dala lin ... Whan Ihe bus I. obtal".d. oo""lon 
prot .. :!, .. T3 of lhe bUI cyc l, . 

A, will 1>1 m,ntlonld lat". many in.ltid opeooes will 
cause Ihe machine Ie nang up. In lhese cues the 
addran/data lin" will POlnl 10 where tM bad opeooe 
wu 'al~t1ed. 

Til. becutlon 

"'"t>ough op!lml.ed lor luI and liexlDI. oMA operation. 
the lOP la alsO a luli·fledged microp,ocesso<. The 8086 
Family Us .. ·s Manua l dull with programming 
,Iralegla. and olher d<!taJll. Som.ol th, IhlnOI 10 1>1 
noled during debugging will 1>1 manllened her'. 

In ll,ucllon Fetchill/l 

Unli ke Ih a 8085 (but Il k' Ihe 80861. IIw 1lO89 labelS -' I 
lelCh .. from the Instruction stream. whether OPCOoE. 
eilUI. diSpl8cem<lnl . or lIte,al data. as an Inltruclion 
letc~ on Ihe stalul IInll. In some ~as". luch as MOV 
R. I Md ADD R.I . Ihe Instructlen lel~h lime IIreally ex· 
cooo. e xecution time because 1iI.,als ar<l treal&r:l as In· 
structlon lelches. When IOllowlng program. on, logic 
analyzer. tMggerlno on Slatu! _ 100 0' 000 Iinstruclion 
let ch) and a known prog'am addres s I, Il\e hand;"1 way 
10 1'_ 1M flow 01 tha preo,am. 

When runnin.g P<O!lraml on a 16·blt bus. a l.oyll queue 
reg il ler come. into play .... Ing the UPI>« byla felcl"led 
Irom Ih' I .. t Inllructlon lelch. II nol used by lhe 
pre.lous lnatructlen. Thl. ,educe, 'alcll time and tlu. 
ulillUllon .Inee I"" odd byle dOesn'l r>HCt to be letcl\ed 
8.QI1~ . ... n Inle,nal 10u,.., lock cycle felches data lrom Ihl 
qU<lu •. Llk, Ihelnl"I>I1 ROM letches. Ih,lu~ pointer Is 
put oul On lhe addreSSldata lines. but no bu! cycle Is run. 

A·9~ 
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T/w 'Iu .... can n. •• lome POe, lb" ...... P«tltd .,1..::11 
1Il101 !WI •• 10 0. Uok ... InlO account d u"ng debugOlng. 
TM .. IPply only 10 1&'1)11 ,y.llm,.no .. I: 

1. Il'I&lrucllOnl '1'1&1 Ilart on odd bOul'lOaries wUI not 
lik"y ,.. ... bus C~lel 'un 10 tltch ,,.. odd byll 
unllu ;umllf>d to, unl . ... p • ..,eded ~ lPDI (Which 
cl.-,. ,1'1e 1111_1 Of an i""I,,,,,lion thai modlfl .. thl 
t ... " pOint .. II ex.cultod. rNo IIU" .:au ... ,,.. Q ...... 
to be eIMn," 10 Ih.l Pf.J1 o f In 010 Intt.ucUon won 'l 
bacome p'" 0/1", new one. 

2. rIWN II • Queue regill. ' or 1..:f1 el'la_ .0 _ 11'11 
Or c, .. rlng ,11<1 q ...... on OM Cl'IanrMI n •• 1'1() ,UKI on 
tn, Olne, cn."nel" QUIUI. 

J . rhfl ~ word 01 1" • • wdll'l <h'1 retched by • 
LPO' I,.son. duri"G' pMVdO-lnllruction tlteh cycle 
tnl' clnnot mak, .... 01 In, que"l 0I.1, .. dy ' tlehe<! 
CIlia. Tr.ul, II on In odd botondwy, '"Chlng an lPOI 
w ill be DyII, WOfd, bl'1l. byte. byt., Ind ,"- q ...... wltl 
nOl be 1_. 

"IMII Ct. "-' 00., C~ ..... ., hI''''"pl ""ItU<: l iooI 
( • ..,ullon7 

Tnl l will bII .. pl~ned """t in tnt " dual en ....... .. Ol!tlf. 
lion Mellon, but. 1_ pOint. will De menlioned h .... .... , 
InslfucUons .... made UP 01 ' nl ... n.' CyCles. wll~ el>C~ 
cyd. ComPOltd 01 Iwo 10 "ghl CIOC~~. Eeeh bu. CYCI. 
Is on. Int ....... 1 c yel., bul Ihl" can De Inl ........ eyel .. 
with no CGmunlc"io<11 10 ou"ldl Ih' Chip. 'nle< ... ' 
cycln will be "'lnOed by Ihe number ot weil .t., .. In 
. ach w s cycll . 8etw"" lny 01 I~" eye" l . OMA lrom 
I~ 01'* "" ....... " cttI lnlervene II 11>1 priofiU .. permU !to 
InSl'uclion 'elc hlng."" Ixecutlon CM only Inlerruplln. 
Sh~tlons on the Olh" chan....t wilen Iha In ltruelion 
hu bttn compltl"". "'" belW .... inl ........ eye ltl . 

Rep/ilir. 

All Ihl 'eg llt .... h ..... -..1 opKill Pu'JlOM UH In Ihe 
InSI'uclion Execullon 0' OMA. bUI all .. CIPI t~. CC 
regill" can bI use<! .. g"'" " purPOM reglste" OU'ing 
inllf ucllon HquenCQ. A lew,,, toao.o , peel"I'(: 

• Cp - II Only 10iOed aur lng an Inlll,II'llIon ae· 
" ...... C •. Thef. i. one CP 'eo" I., Inll ,..."",.. bOlh 
Chan""l. (All 0" ........ OU(>IIC'IId. onl HI for 
U Oh C'" n",,'.) 

• PI' - I. only prope"y 10Idtd auri"" , CA STAAT 
eommtnG. II holdlillt sce .... Iue ,tt .. I .... Inlll,lI:. 
lion 8$C1U1ncl. 

• Tp - Thl, " it1c luo:ttd .. part 01 1M l'IOill ... In I .... 
ARA lielO. but cenl"lOl bI _<lltd on unllU you 
plan on ","vlr>g )'Our prOll<lm .. ecullon Jump 
.round. E ... rytl .... Ihltl. OP""td on, 11>1 qutue l, 
c l.ared. Thl TP I. '-ltd lrom two WOral (MId_. 
Ind OI.placl"""l) on I CA STAAT, LPIl, Of LPIll, 
.na loadtd lrom :lobyl. MOYP formll (.ee IlIu.I,,· 
lion on PtOe 5) on 1 CA CONTINUE, and Cln De OJ)

... ".0 on ""ng any ' eo' lill ~nltd Inllrvctlonl. 

Tfle fOllOwing 'eglsl '" 'ft IOtded dunng P'Oll"m ... 
cullen. Dul cen ~1 ... 1I\)ICl11 .!ltcl t: 
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• CC - TI>I only Ihlnillhal .lItcll lnttrvctiontln tnl 
ee 'egll t.' il 11>1 cMlnlng DI!. II entlnlng _.n·1 
mltttt (II only OM chlnnll II being u •• a wlt"""l 
cMnn., 'Ul nlionl, 10' ... mpt.~ In.., 11>1 ee reg. 
III ... eM bllI_al P<><\>O". Hew....". 10< POrtabll· 
IIy 01 prOllr.mt, I! II .Ironilly luggllied <101 Ie u .. 
IMCC reg ilier .. e.pt tor IoII .... ng OMA 0 ........ ' .... 
Ind elltlnlllll. 

• MC - I. ,glll"" PU'pOM ,e-blt 'eo ill .... Dul Is 
1110 ulld 10 do I mukt-a comp.,11<)!1 " Ihll ler 
DM .... Sllfeh/malch tllmln.tlon 0' tor IIIe J MCE and 
JMCNE Inltrvctlonl. 

• BC, 1)( - Solh Oln .... ' purPOH 'I-bli "gltllli. In 
Inltruction. '/\101 "'erence m.mory ... ing I .... M 
11110, " AA. 11, 11"11 IX regilt., I. Inc"""IIIItd b)" 
Ih. numlltr ot bylel fetched Of ,'orta. 

• Poinier RegI.If" (QA all, OC ,104 Tf» - A" 20-611 
'eo'" .... bul cen "10 lit uNO II 16-t>i' 'eo'" ..... 
AOal will ellry InlO III, uwer ( bits. bul elher 
_"lIone (COMP, OR. ANDI"I _ only on 11>1 
IOwIl II Dill. NOli 1hf;1 wilen \lNd" potnt .... 10 
.y.l"" IMmcty, It II pOatlbl. lo.dd I Itrll' l eoblt 
number 10 Ifle potnl'" ana 10 pul IIIe potnl.r Inlo 
enolllll 6-11( block 01 .... mory. 

Sign E<lln" OII 

A"lH'ogtlm 0.11 IIfoughl In lO lilt Chip, ." .... , ii, ... ,. 0< 
Oil pl ltt"""nll In opoocI,s, or progr .... dalt 'tlchld 
frem memory. is .,gn-e.tenOea. Ott .. ,. used tor 
ctlculiling tOa ......... not "on '.lIndtd. A"" 8-Di1 
dall broug.hl In hat bit 7 tlgn"""-~«I UP to DI! 18. 
SI.,een-bit 0111 I •• ,g .... . t.ndtd t,om bi l 1510 blilg. It 
la Imperllnl 10 nolt Ihlt, lIte.u .. II c .... IUeel IOglcel 
OpIrilionl. Fo< .xample. II _ w .... tta 10 OR OOI4H 
wllh 123( H In teol" .. GC, you coulOn·1 00 ORBI GC, 
8(H. btcauH bit 7 would Ilg .... xten.d In lo the upper 
bylt. InaletO, you sI>OUld cor;It OAI, OOI4H 10 do Ihil 
pf09lriy (nOIt llIal Inls 1\11 • wOfG IOf 11"11 h, • .-lat. 
Ollt). Tfle non·AOO ope"lIon. ",III ceuH Ih' upper four 
bill 01 111. pelnter "0'.11<3 10 bI '''''''Id .inc. Ih. UPP" 
lour bltl 01 11>1 AW cO .... only , rom I .... _ . 

Tegs 

II II>oula be ""'td 11"1&1 IhI way Ih. lOP know. w"iell 
WI 10 ecc ... i.Y1'I ...... 0' VOl II ... ,, Ih. T.IQ bil "lOCI· 
'Itd with thl potnlt' 'eo'lill uted. Th. TAG cen only "
H I In Ih , .. weys: Ioaa lng u • II-bit regl" .. (MOY A,M, 
MOY 1'1.1) .. II lAG to VO l pacl. Io.oIng ... poIntll 
(lPO. LPDI) SIll T .... O 10 I Iyll ....... pac.). or bringing tl>l 
TAG In Irem mlmery Dy. MOYP InSl,ucllon. 

EH.cIt., In •• 116 Opc:odH 

T". upper e bll. 01 thl 2obl'(' ope""e Icluilly a.!t,ml"" 
Whlen ~«lt will be •• ecultd. It 111111 bit ..... 1 .. lIa 
OpcOd., bul 10_ bll. 1 .. ln .. Ua . I". en.lICI. ".gOOd 
Ihll ill. Dad bill wilt be Ignortd. 8ullll '" upPII." bill 
.... In.,IIO. 'l1li, II' y'ry gOOd cI\I~ II\I! I .... chip ",m 
I1.tng UP ena .top .. ",ullon In lI\It eII.n"" . T". only 
wly 10 gel !)OJI of Ihl. mode It 10 restt lilt chip. II Ihlt 
hang·up CCCUrI, It cln u5uelly be Irac'" beetUH 11>1 
IISI tdOr.n 01"', INrlrvclion IlIeII wMI lIill be on lilt 
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..:Id.Ua/dal. tin,., Il>owln g wll",. lhl ~rogfam "'.." 

"'''1· 
Gol .. _ .... ' .... 'Ion ExKUIIon Into OM" 

T .... XFER .... ,rucHon III_I the C ........ , c ......... In.o 
lhe OMA moo. IU •• '''I .... , InI!tUCUOtL Th" permltt 
_ lu, Inlr.uc:tion 10 . tall UP an I/O ~ce (" .... CAT 
dllplay 011 an 8275. tor ....... pl.~ How_. In Ofclt< lOt 
, .... lOP 10 gl' Hlup lor OM", 'M GA, OB. and CC 
'''!II.' .... tnould no, ~ ,11_ dIJdl'lQ thl' '"' In,'rue_ 
110tI. Fa/I" .. 10 otIM .... thl' will protlflbly ... ,II! In In 
II'I'IP'O!*" 11 •• , OMA latch, Th, WI D '" •• ructlon cln t\fI 
pile'" Ill" XFER . 

OMA r't""". 
11'1(;._n' 1!>QI~on-lnc ,emenli "II poin",. 

A .... rno<y or 110 poeM"l" ct.n be made 10 InC'erne"l tor 
,.ell by" 'rlnll .. ,.,;1 durtng OM'" or II can ' ...... n Ill ea , 
11'IC ........ "ng I, .. _ prirNlrlly 100 ..........,. bklo;k 

' .. nl' .... , and norHncr8fllllnting Is """" 10 .~. 110 

"'"' ... -
EKh OMA, u.n,'" I. coml>OMd 01 HParll1 I.tc"_ 
.,_ eyel,. toO ,"*', 81' G-oil dillS UtI be ....... !)Ied 'nd 
al ..... mllled. "'G, .. ","1Ion In<I, ... mln.Uon m.,.'eo 
be ... lIy h,ndl..,. r-.." '0'" POIlIb4t t,.,.".,. 0< 
8JW mod.l. Th.V .... : 

B _ B -1 OVI. IIIChed. I oyle Slo,ed 
BIB _ W _ 2 byl .. lelched. I wo<d .Io,ed 
W _ BIB _ I wo,d Illched. 2 byles ' Io,ed 
W _ W _ I wo,d le lched. 1 wo,d .IO,ed 

Tn. 8JW modi uted ,""",nd, on Ihl ~Iul bu . .. Idth 
(1l1toCled by 11M WIO InS1rucllon~ edc1 .... boundary. 
.nd 11IC'ltnInllflg ... ,M. 
All tr-I..,.. .. lin &-oil p/lV.~1 bu ...... 111 , .... In 11M BIB 
modi. On l50b,1 p/lr-Iul bu .... til. 01"'" mea. ... 
1><I •• lb ll . cMpanding on Ih. Ioglcoll .. kltha HltoCled. 
NOI. 'hilt 111<1 logica l bUl .. idlh C1In !)e dllla'ent th", tll<l 
1)/'I\'IIcIIDu ... Idth .lncalh", •• a c .... whar. In 50tllt 
~'I~lMrI1 mly tI<I uHd On a 150t>i1 but. TlIIHltoCllon 01 
, '" 100lcli width. 11"1(1 nol lhe "nv.leel wldlh. I. wn.l 
alll,mln .. 11M BIW mod •. Thu. il IIlh. , .. ponll~l l1 y 
01 Ihl ~'oo" mm ... nOI 10 p,oo,am In In •• tld comOI"'· 
l ion II .•.. don·1 'PlCIIy I 16-t>i1 logical width on.n 50bll 
phVllca l bu,). 

Any " ,ni l" On In 0<1<1 bounclary will tI<I BIB but It Iht 
POlnl" lllnc,.mtnting I"" On I 16·tHI 100Ici i bu •. IUer 
11M 11 .. 1 U .... I.'. Ir>t POlnl" wilt bit on tr1 ••• n bOund· 
ary. The lOP will tn ... t ry to mlln"in word 1,,,,.1 ... In 
0", .. 10 trln,l", dill 'I "lfecllnuv IS POSlIDti . SH 1M 
Ul .... man uat '0' d.lalll. The changa In BIW modt oc· 
curs on!), Itt ... tht li",1 I,an.le< or. as ""pt,in.., In 1M 
larminfrlion Helion. uoon cI",ln ttvte counl 1 ... · 
mi ... llon • . 

S )'IIe1l","". I/ .... 

In th" un.ynCh,onzied modt. l,anll ... occu' II I .. t .. 
1"10111111 will ,tlo .. . Thil I. Ina lOp·. ··Dlock·mo •• ·· 
moOl. 114011 ~O ~ ... IPh""" only w,nl 1 OMA 1"n.l ... On 
d,,,,,,nd ; 11M ORa lin., .• lonO wilh 'Vnch,onlzallon 
.peclti.d. will n.ndlelhle need. Sou,ea .ynen,onlzallon 
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II Uled lor 110 ,.ad, Md ,,"In.llon .y ...... ronEzIlIorl i • 
ullO tor 110 wrllOl. 

11 Iha lOP II wailing 10<. OMI. riCI""t. II will IIIn ~ro-
0' ..... or OMA on 11M Oilier CI\ .... -.t. Of • • ecuta idle 
cye'" II nothing I, pending. II IIIMItra Idll cycilll wlMn 
11M OM comas. Ih. ' ren . ... Ilart. 11¥e cloclls .It .. 
ORO II recogniZed. It . unn lno OMA or in.llllcilon. on 
1M ~IM' c""n~. tn. ORO Clnnot tI<I ",",ced unl ll ille 
curr.nt 1~1.'nai cyel. I. dOnI. ,nd ""'y <iquiri I mu· 
Imllm 01 12 cloclill (W1l1>ou1 tlUl arblt"IIorI 0< will 
.llles). 

eon"", .. li •• ORa-synch,onl.ed 0 "' ..... I,.n.I .. ,s on Ihe 
. ame channel a'e seP .... t", or IOu' Idll Cloeks l .. , um· 
Ing no olhe, Oel.YI ) Dy In Int9,nll I .mptlng mechanism. 
Tnis hap~ens Del w .... n tnt 2·byll tetches on SOU,e.· 
Iync h,oniz.d BIB·W eye I ... Ind IIIlw"n I'" 1" 0 Ilores 
on CleSiinallon·. yncl>ronlted W·WB cycles. This d.l.y 
OttwHn conseculi .. OMA cycllllllow.ldIQu.le lime 
10< proper acknowledgemenl o t 11M CU"",,1 OM ..... ,. 
quest bltl"", lIIe ",,", reQUiSt i. proces.aed. On 
d"lirration-synchronlZed OMA. Inl, l,n·l. ptObttm. but 
on IOUfCI-.ynch.oni.ed OMA. 11M .. will be lOU' " Xlf' 
elol;~. per l'an.I .... un ..... on. I. running ~nl .1 1M 
.paed limit. Ihis """"·1 tI<Il prObl ..... N_ tIM mulmum 
0'1' ,.1 • • "n.ynch,onl'ed 1",,,1 .... can bit used. wilh 
. ync:n,onlzalion don. by manlpulltlno II"IIt RE ... OY tina. 

Wh.n lile tr .... I.I. bill a HI. Int d." letCheel during 
OM ... will be Iddoed 10 Ih. GC '''0111". Thll new pointe< 
will In lum be u •• d 10 f. feh .• 1, I .... n c lock • • tr. letc h 
cycl •. ne w d.". wh lcn wi llth.n 1II110'eeI. Tranll,t. I. 
only d.fined 10' byle I'.n.' ..... ' M Dyt ..... Iddad to 
GC II , PO.it i .. 011 .. 1. SO I loo kup titHe 10< 1' .... llI lng 
O.t. c ... til a m .. lmum 01 258 Oy\" 1On9. E .. n II lha 
ila1l10 be Irln.lliad 11111 within. """II ... 11"111 (.uch 
IS ASCI I code) •• full 25&-byt. IooIcIiP I.blt II 'IOOITI
mended 10 Itvl .. ronaou. dill cen bit lIegQed "'" con· 
t rotled. 

Tlln.llI. un bit IIIn on.,.". 01 tIM BIB 1' '''11 .. """'", 
10 Ills u."'111 for dcMng _ Ir .... lllton wllllln program 
• • ecullon.a wall .. I"nalilion d l'ectlV 10 0< '.om In 110 
",". 

DatA ' .. mln,IIOd 

One 01 lha POw.,11I1 INtura. 0' IU lOP II lit varied 
OM ... lerminatio n cond ition. Ind their c to •• lIa·ln wilh 
' •• umlng Inst ruclion Block P'OO, ...... Ho ..... ,. t>t
nun 01 Ihe mut1l11.'d. 01 OMA mod". ell. mull be 
Ilk .... In predicting tnt .. ecl Ilt"h"IlnlUon parWllet ..... 
V.rlou. In lflgslO be ca .. lu l .boul will be outl ined fit". 

'(H C""nf r'CJ ,.,m/ft. tlOI! 

TIM BC ragttl ... I. deer_ted lor .. ....,. byla Ir.n .. • ....., _I"" or nol Be l.rm'",llon I. HI. If Be I ... · 
mln.tlon !. III. 1M !II' "In,'''' dona I, '''' ..... 1tv.1 
'"ull' In BC biting .... 0. To lwold II ... PfOCllm 01 mt ... 
IfIg BC _ 0 on """'" II.nal ..... If BC I. 0dCI tI<Ilw ..... ....-y 
" .... 1 .. , tile lOP d.t",,'a wlMn BC II I • • nd lon;lI In. 
1151 tlln~!., to bit In 11M BIB modi. Since both t'" lelch 
. "" I ler. cyel .. III compill •. 1M lour<:a .nd ,.el ln. · 
lion POInle~ POInl .xecl .,. 10 , '" ,.,.. 1 ~yta 0< word Itvl 
would htv, been Illched . 
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"' .. ~ ... Com~,. (MC) T,rm'MU"" 
An Me t ..... ,n~ lon OCX: ...... Wilen • j>IIU..,. ""'Ie" .. (Of 
_n'\ .... ten . dependl"" on rnocM "'_-.1) ,,,. low .. 
" In 01 tnt Me 'Igltter Itnl "'ftcn j>IIUern) wltn only tn. 
~11. tllal'" tnablMl b)' , ,,. u~, nal' 01 Me (1'" milk 
p'ttem) contrlbullng \0 • ~cII. lIMIt tile mukeel b ill 
can to. ~don'l cat .... In bOt" , ... elM, tIyIl .rid 11>1 milch "' •. 
TM m .. k-.;l compwllOtll, only don, on.101. (depot!!) 
eye .... Any ~ .. Iran.I,,,1<I (in flIB Of W·BlB rnocM) w'I' 
0. comW"'. But • • Inc. tn. Me comj>ll'ilOn I. IIone on 
only on, bVte, any WOrol lIored ~.W or B·8IW) hi ... 
only' ..... lo w .. bl'U compat..:!. TIll'....,. tie Ilnl, buIll 
fIOl. ....... lhe _U","1on k>\Ilcal width I bill. 

Ju., Ilk. Be ,,,,,,'nIUon, 'M poo ln,,,. wlll point \0 tnt 
n.~t dati to 011 1'.n.I ..... .,. The EIC will allO bI d..,,.. 
m .... 'eeI corrtcUy, '''c~1 II In, , .. mlnlatlon oce .... On 
the II", byte 01 • W·B18 tr,n,'''. III tn l, caM the 8e will 
0. d ..,..".,.nl.,;l I. If IIIe .nli •• ,,, .. , t .. (bot" bY'n) hid 
'Iken plaC •. 

T"I .tono eyele th" OIU'" an Me ' ..... In.lIon wi" IMI 
length,n.,;l by \Wll "1" clock. (0' D1 On' .xl" eloc ~ II 
I~'" I .. ",all III1HI, 10 'ilow II .... 10 "1 u~ In, I ... · 
mifll1~ eyel,. 

-.. "."" - ----' f-- "" CH 

....... f . M,.' ,j e, 2 . l ........ ..., 

E"., ... , fU1) r""., ... ,,,,,, 
bl_a! I",mlnil ion 1110_ In, I/O _ca Of conlrol:'" 
10 UN III own COndlllonl 10 gllL .... I. 0 I ... miflilion. 
Bo.leolly. In. lOP will ~Oll OMA II aclon .. II ,eeOgnl •• , 
III EXT ".mlnl" • .....,.. II I "IfL,I ... I, only p.ar11a1 ly com
plell . n..... mlgnl be eonGIffL 11111 mulUbytt e)'<:lel 
(\'I·BlB Of BlB·WI mlllht "'w: dall 1011 II In EXT I ... · 
mlnO' tlle>pp1ld lilt 1I0' t cyelt. In unlynenronl • .., OMA 
lnl, woukl III~Pln. bullnl, mod, II Iyplcally nOI uHd 
wlln I/O CO<\Uo!l.,. Ihli could II_II, UII"",I I,,· 
mlnallonl. In ,ynclLronlltd OMA model, II It ... u"*' 
Inl' ,1M: I/O cOn' roll" ",III only do. ORO IOf Yilid dOlt 
\fIll" .. 'IId. and Inllil won" aiw: all EXT , .. minaI, w l'~ 
II, ORO ecllw:. In d .. ,lnl tlon lyncnronlZllion. ,''' 
""".Iblt probllm OCcUri In I'" W·BiB modi. where EXT 
lennlnl'e co ..... eft",n, 11,,1 "Of' Dul belOft Iht .ee· 
Oi"lCl. Thl' 112 II .... ainee _ lhougI": dalt wu ...... 
l'IChed. I'" proper amount was IClu.tly l" n,I"'III. In 
,0Ufl:t ,ynchronlZlllon. ,,,. BlB-W mOClt ttl .. 1 P'01>
lem. linet lI,n EXT t"",INtt CIO .... III .. I'" "," b),!' 
l'IChed and "'!Of' tILe ...,one! byll IlIeht<!. """",,Ity 
no 110ft cyclel would be _ It Ill . Inul IOling lilt II .. , 
byll lI1eh.,;! . In Ihll eu' (I .•.• lO\ifl:t synced. OAO Inee· 
1"'1. tnd 1 bytt .I,eady IlIcned), t tingle by" stOft 
cyc:1e II run ",1J)J"t I ... I"mlnallon cyelt . "''''ring <!all 
Inl8l)rity. 

In o,d"10 p._1 .... 1" .. lId algnlllt .. l l.om bottoming 
I""PIId I,om Iht lIyncnrono..,. EXT I"'" lin ... two 
clock. 01 dII.y Md t lgnll COfWIliionlng .... dont on 
In, .. lin ... In tdcI ltion. I tl,mlnl1Lon eye" CIOn only be 
1,..,..,.1 cI".ln tim .. du ri ng OIolA (0. Til or: I~.o'n .. 
en ....... - _ dual en ....... OPIflilOn .tctlon}. The EXT 
1"",ln'le ,In" ahould I>t .llId tlghl elockl DeIOfI In. 
",,101 I'" OMA cyell 10 '" "o~Ptd. 

EXT II '''''1)1111 tven w'*' 11>1 lOP I, ,unnlna somtIl"Ilng 
on 11>1 oIn" Cl"IIn<ltl . Aemem"" thDuon. IlIat _~Itt 
In, Mgn p,lorIty oltltmlnation. Iftt eurrlfLl InliruClion 
on II" Oln" cn",n" II .. 10 IIn l, Il ",10ft 11II1t.mlnllion 
cycle It 'un. S!mU!I, n_t EXTI or: bot~ Chl7'l ... lt ,...,.1 
In Ctl l 1"",ln.tlon tJtIng don. 11,". 
In o.de. 10 n.VI .nough tlmllo P'OCt" I by1l counl , ... 
mlnltion, t l>l BC regl.II, Illlw.,1 OIe,em.nl.,;! Ouring 
CiliA IIIC n Cyo;1e1. 6tctuM 01 Inll . ,,"m,1 Of MC " •. 
mlnl tlon. 11111 occu, "Urinll W·81B eyel .. will ... ult In 
In, b),!e count """"YI being dee'trn"' llII by lwo._n 
II CHI!y _ byll I, "0,1Id. TnlllllO OCC ... I In 1111 block· 
Io-Olock Of blOC~·_o-port BlB-W mode .. To I1no lhe neel 
num",' 01 b),!" "IfL'!"''''' Ill •• ou,c. pOInt" IIdd"" 
:;o:n be cneek.,;! In Ih. b!oek·lo-POrt ,no bl oetHo-OIocI< 
mod .. du.lng BlII-W cycl .. _ In I~' Dloek·lo-potl 
W·81B modt. The _UT\IIIOn pel!M'" tdd, ... c"" '" 
uiIICI 10 lind lhe numbe, 01 Dyt .. Iflnl/"red In lhe port. 
Io-block .nd Oloek·lo-Dlocic modtl du,lng W·BlB eye",. 

r"",/n.llon Cycles IITfI M~It1"'. r"",'netfon' 

Upon lermlnltlon. Int Ute' CIOn ftln dlff,,,nll.,k block 
O<O(i,tmS, dOj)lndlng on Which Iyp.t 01 t .. mlllltion ~ .. 
occuITIII . by tL)tCllytng In IOlP.OjIriIte Itf1I"JIntllOn 011· 
set. Thfot It . Inslructlon fetcnlng will bla in 1111, • 
t. ,mln.tlon eyct, stlrtlng at ,ltner 11>1 TP .IIut "'!Ofe 
I'" OMA ,,,,,.,;!. TP ... Of TP. 8. Till", 011 .. 11 pttTTIll 
long Of short jJJmps 10 I .. mintllon ro:.:"ntI. 
The I .. mlntt lon eyell I. In IIdd Imme"lllI Insl"", lion 
11>1, runt l rom lhe Inll",,1 ADIol ,ntI tddl , ... proper off· 
III to u.. TP. 11 I. 15 clocl:. lonll lor TP ... ..", TP +, 
l""'I",lion Inti 12 c lockl lonO IOf TP + 0 IInn lnalion. 

.I., m.nlloolld .. ~ I ... EXT termllll" m..,., como I ctr· 
t.ln " .... blIOf' ,,,. _ oil 'final" to ""utl 11111 tht 
nUII"ntl .. doHn ·1 lIan. II it c_ In II .... and IIIC 
1"",lnatlon ,110 OCCUfl on lhe cu .. ,nl """Ilf. Intn Iht 
I"mlllltior: CYCle 1jIj'~ 1111 Itf{l .. 1 off .. 1 I. ""n. A 
. Imuitl-'I ac termlnall c:yc:1e will rw: ... prIo;1ty ..... 
III C and wHI ".u" In ' ''' running Ine BC tt,," l ... tion 
prog.,m. 

Prlothlt&lO .... Chfoi\MI Op.t<111on 

The lOP C.n 111: ... Its Inlernll "'" ,,, .. n.1 na.d""", 
bI, w"n 11'1'0 ,,~.tt c~.nnlli . The u ... Hel Iwo 
kltnlictl lOP chtnntl' wlln af l feg''' .... fl\lChln. filii" 
. ' c .. Indtptncltnl olIn, olne. elltnntl. The only regill" 
In COmmon II tilt CP '~I'I". IoIdtd by tilt Inllllll .. · 
tlon " qutne •. Th, meeh.nlsm 10< .chl ,.lng dUll eIIIfL· 
ntl 0PIf1l1on II 11 .... muillptning ~_ the ''''0 
e n"""I •. 

Sinee In lerl ... lng 11'1'0 Chlnntlt , flec" 1",1, .upon .. 
" .... 10 txlttlll! .... nl. Inc! Iinct Inl101..,lng 10 II"", 
_III. I'" pri .... ~u.PO .. 01 Iht lOP . .. -.. mean. 01 
tOjulllng lhe P~OfIIl .. 01 Ih' eh."",la If' proykl.,;!. 
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S.lore goIn; InlO lhe ""lorl\Y a loo<ithml In detail lha 
lGU' IY_ 01 ~y~l .. IMt .ta arl..:t'" by 1M pr1orIU .. 
",i" ba GUtlined: 

1. DIJA eye,., _ Any \Yl>8 01 OMA t,an.'" ~)'Cla. 
l..eludlng IIngla "'tn"." and ' ...... 111. ~ye .... OMA 
~an til Inl.rruPI'" .U .. any but 1 ...... , .. by I .... 01 ..... 
c~ ........ 

2 . In",...;,,,,,, eye," - AnV Instruction. IIWI1 h •• , 
b"n 'etc~td out 01 ~O O. a\'!lllm marnory. Inlln><: · 
Hon cycl ... re m_ up 01 Intee-n'l cyCle,.""" 1"'0 
10 " g~1 ClOCk' long (usumlng no .... /1111".). Soma 
evel .. m.y nol 'un bul tran.ler •. InstrucHon. cln ba 
Interrupled by OM ... . lte. "'y o"e 01 I .... Inl .. n.1 
cve'e" bul Cln only be Inl .. ,upled by In,"...;lIon, en 
Iha olh .. c~.nn.' (normll onn O.OMII.om Inl .. nll 
ROM) ITI" 'ha eUff.nt Inll • ...;Oon I. comP IIle<!. 

3. r.,mm./ion C~~,. _ Perlonned ... h.n OM'" "",,,". 
.nd Ind InllrucUonl ta ........ ( .. C.pl on tlngl, 
I.anll ... ). 

' . CMnllll At,.",IOII Cve'" _ Perlo ...... "'1Ien ch .... 
n.1 ananllon iI gl .. n. parlormo acllon. IIpIClfl.., In 
1111 CON lI.rd. BoIh I .. minatlon and CA cyel .. Cln 
ba In""U9led by OM'" alt .. any Inl .. n.' cycl • . bul 
can only be Int",upt.., by inslructlon cyCl ... It .. 
I .... «>mOlet' HQuer>ct or 'nte~1 cyeltl I, _t. 

T .. mlnllion Ind eh.nnel 111"",;"n cycles ., .... 11 .. tn, 
Inltlllizalion eycil (w"lcll n_ run. coneu"",,'" with 
olher op.,"lon,)a" .. quances or InslfUcllon. letchl<! 
I,om.n Inl"nll ROM. 

RlICoonllln; I,... high" imoortance In Oolng OMA. t.,.· 
mln.,lon Ind (10. I ... e, • • "nl) C ... eycl .. , ''''' 1~ law· 
ing p.io<lty scheme Is built Inlo ''''' lOP . ... ny cllann" 
IMt !\a •• nlg .... '·p'lortly opelllion will run eonllnuou,ly 
unll l Oone. II boln d\Ionnall ... running ''''' I'"" priori. 
tV . .. etUllOn ... ,11 .,1 ...... ,. bel"' .... II"Itm. 

HIgI>I1l Prlorily 

I . OMA It.n.t .... terml",tlon. cll&ined Inlltuctlon. 
2. C"."net .n.nllOn cve les 
3. Inllrvctlon eyd .. 
4. Idll eyCI" 

Lo .... at P,lOrlty 

T ... o ... 1)11 "'st 10 .lIer Ihe p.lo~ Iy 5en.me. One w.~ I. 
to u1lllZl '''t p'lotlly bill 10' eaen cllannel. II 01\1 I. 
g, .. t .. Illan Ih' 011"" Inal c""nnel ... 111 .un 11 Iht ... 
".~ .. or the 1>1,.... It bOlh e"""Mls II. olnatwlll .un
ning II t"" lime ptlotlty. Thus "" P Oil anl)i hal .lIetl 
on ~nanntl, runnlng.1 lhe """ prtorlly " .. ,. 

11_ ... anll 10 run Inslrvcllons .tong . " n or In pllC. 01 

OMA on "" Oln .. Cl\annel. 11"01 otlll< tethnlqu".IO lit 
' ''' d\Iolnlng bll (In '''' CC fIog"l.., ... lIIeh bring, IhI 
Inll.uellon priofity UP 10 till ,...., 01 OM .... c. .. Ir.ould 
be laIIln with 1It1' line. now CAs are.t . low.,. pr lotlty 
I .... n InlirucllOna _ will not be 1IfVk:.., unl ... lhal 

e""nnll gOllS H:111. C,...tnlng ... 1I1., ... I01;~ OUI.-....I In· 
,tructlons an "" ot,.... Channel . CII. 'nlng 'hould thUS 
bI uMd wltn ClII. 

In order 10 .IOdUClI"" potIlbility or ,""1IIng out el\ltlnel 
all.nllOns, an .. ClPllOn .. made 10 ''''' tb'l ' •• ptIoflly Ie"""' . ... " ...... It)' OMA If.",I.,., "''''''hat .ynehfo. 
nlteO or ""lynenronlN<!, t .... lOP ... iM .. ",Ice.ny pencI
Ing C .... Hawn, . , e .... ,ned tnk DIOCk .. acullan .. III slitt 
.nul OUI CAs on I"" DIller Ch'M'1. 

Whit is tile importlnce 0 1 ""'o.ltlls? Well, IS In 
, .. mpl •. le1"S say Ihl1 .... I" .unnlng long periods 01 
non·tlme-r;ritic., t>lock mo ... (.1. 0101"', on onl enannlt 
.nd .unn lng ,1>0<, bu,." 01 OM" 1 .... , mUll be """ced 
ptomplty on Ihl 01"" chann.'. With In, dellull 
prlorill ... lilt sllort OMA c .... n ... , ~u,," ... ould be In· 
lefI ... .., ... llh '''' I~' OM", ,educ ing Iha mulmum 
Itan,'et ,.,. ror bolh eMn""l . II. ""_, .... III. priorlly 
bl1 ..... one on In. butl! mode OM ... ..,d ZIfC on Inl 
ol n ... "" bursts would ba IIItYIclOd wntinuou,ly at In, 
I,"nl POssil>le <1&1 ...... 

An _n more crilieal «0 .. WOUld Ole "" _ lOw p' Io.· 
ltV. long OM ... lran,'''' on OIIa Cl>&nnal ... lIn OMA on tht 
01 ..... cnannel. nll musl I.,.mln.t • . run • sIIort Instruc· 
l IOn HQuence .• nd .. lUm' 0t.lA again witnlfl a 1flOtt. 
l i~ed liml. (Thi, mlgnl be '''' CIM 'n running . on dis· 
pI.y ... llh IInkedliSI ",oe .. s lng ber_ lines.) Normal· 
Iy. Ina 10 ... p,lotlty. long OMA COUld Indellnlt.ry bloc k 
I .... Ihorl T8 HQUlnc,. Sy IIlIlng lne nlgll-prlorlty chan· 
ne", p.lo,lly bit 10 ona a nd pulling It InlO tilt cnlln.., 
Inll.uction mod., I". 10 ... p.'o,lIy clI.nnel .. ould Slop 
111 OM ... e~tl"'y sO IlIat the te,mlnaUOnlln,ttucllon st· 
ejuenc. could run. 

Wh, n " 'Ibllslling Ina prIorlll .. 10 bI ,un. Cit. should 
be , ..... n Ihll bolh cnannell witt .un lueu.ntu1ty ""der 
• -..orsl cue «>mbination. Th l, can be Ulck~ wn .... I'" 
en ...... " ". running uyrw;h,onou.1y ... ltn !UI <1&11 
•• ~tI It>(I/or 5I>OfI 111"",,11., bul mull be liken Inlo ac · 
counl. or course, running only _ c""nnel on IhalOP I. 
an "'Y solution, bu. II mora Inln ..... tOP Is being u_ 
In . "" s .... ,em. ''''' prlOrllI" Ind deIIy' or Ihl bu. II' 
bittillon used i.rl"", mlICT or an am bII. "billll mu.t 
ba liken Into accounl. It may be round '''''1 In. on·ehiO 
atblltlUon bet ... """ Ih.lWO el"lll1n.r. I. tll1et and mota 
_erlu l IMn exlemal "bilr.llon. 

SUMM ... RY 

II II hoped Ih" Ih' mat,,1I1 p .... nl.., h'" ... 111 .,d 
'''''' ' ",roo ... putting 1001111" aNI dellugglng In 8089 
lOP ,v,"m. and .... ,p lham In ~nQ"'"ndlng I .... OPl"· 
lion 01 ''''' lOP. "'.ny 01 Ihl detlugglng tecnnlQun 
'l>Ould ba I~iti •• 10 I"" ..... "" III •• _ed ... itll micro
.nd mlnk:ompUltt .,slem, tIIlor • . 01 ..... dtbu(Igi"g 
lachnlqu •• nol manllon.., ""t, whl~n wort. Will wilh 
micfOll"OC.e'SO' .yl1em,. could ba lUll IS &l>pllcabt, 10 
I .... eoee. T .... unique nllu •• 0 1 tn. tOP among LSI 
_ .. w." .... ,. spacial _o.to.rllion lor /11110 tunc· 
tlons and multip'OCts lOt c_billll ... 
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AppendIx I 

CHECKLIST OF POSSIBLE PROBLEMS 

HARDWARE PROBLEMS 

• I~ RESET at least 10llr ctocks long? 

• A,e Doln IIss lIr.es connecle<l 10 g,oll""? 

• Does Ihe lil$l CA f."ir>g &dge corn..' le.st Iwo cloch 
.fter RESET ooes .w.y? 

• Does the """ond CA come at leasl 150 Clocks (I6-M 
syslem. 1>0 wail Slates) after the lirst CA? 

• Is READY COff&CtI~ syncn,onlzed .... d gated by 
10caUsys iem bus linn' 

• I. SEL COf,eel 10' 1I, .t CA flO tnat lOP coma. up co,· 
rectl y •• mast! , or SlavII? 

• If 1100 IO~ .reloul 10 each otlle,. Is, 2.1K pull-up r. 
sistor uS<KI on ROOT? 

SOfTWARE PROBLEMS 

• Are lhe inlli.llullon paramele,. In tne Initl el!zallon 
IInked·llst COffect? 

• IS BUSY flag ~ing prOf)e'ly leSleG Oy hOSI CPU eoll· 
ware belore modifying PB or providing. new com· 
mMd? 

• Has Ihe Chaining . IranSlote, Or lock Oil in Ihe CC 
'~;'I" IJee<'1 efloneously sel? 

• Have DMA termination condition . been met? The lOP 
could be trying 10 do ..-.dlen OMA. 

Appendix II 

BREAKPOINT ROUTINE 
AND 

CONTROL PROGRAM 

The dobugglng program dllscri~d M'e I. an examp le 01 
the ~ I nd 01 software development tool that can be 
d ... eJoped Ie , the 8069 lOP. It was w,l!tlln to ,,~ 0111 
.a ,ious brllakpoint ""hemes. aoo has been used to 
de bug an enginS¥ing Wplicalion lesl syslem. The p<<>
g'am is nOI mNnt 10 be 11>8 ultimate debugging tOOl. bul 
i. an lIumple 01 what can b, pullogether to uti lilS tl>e 
breakpoint ,out ine dese,'bed \Ia,lier in lhe application 
nOIIl. 

TI>8 ~ugging program wu tesled on a S086 Mud 
syslem tna! emulales tna SDK-B611O struclura. and IIHS 
the SOK-B6 ... ~., monllot. This enables It to uH the 
SO K·86 Serial Oown loader to Intllrlace to an 
Inllllle<:" de'oelepmenl ayalem on whiCh the soltwara 
was CrNleG. The 8066 system i. interlaced v;" a 
MULnaUS'" Interlace Ie an lOP ,unnlngln lhe REMOTE 
modo. TM rllmo" bus access lectonique. mentiOr>ed 
earl ier In 1111 0 note. I. Implemented on thl. , y$tem. but 
was nOI used In 1M soItwa .. debugging program. 

The br*",polnl , ootlne use. a s lmplll lump to. save 
routi ne. The PUM-B6 .up .... isory ot conlrol prog ,am 
handle.lhe placement 01 tne Jump within tl>e usel$ pro
g'am. Since It can not normally atC9SS Ihe remote bu •. 
all lOP p'og,am. to be teated muSI run oul 01 system 
memory. 

When II>e conlrol program Slarts.lt 1 .. _11>e 10f> has 
illot been ..... ,. It tnen prompts the u"'" for lhe CP 
and PP vatues . AIle. I~i • . it sends lhe 11'01 j1nlllallz. tlonJ 
ch ,onn,1 al1enlion . II thlln ask. the u . ... lor Ihe Chan"'l 
to be run. and Ihe s tarling '00 .IOpplng ao:klrassu. Alter 
the Slopping aOdftSS hU Ilaen ent8,ed. a Channa l At· 
lenlion Start is given. II Ine breakpoint is ' .... ched. a 
HA~T I. executed. and the oonl rOI po-ogram prinll the 
' .... 1.\11' contllnt •. IlII>e Oreatrpoinl ","sn't been rNC""". 
tne 11_ can type any Characler. a n<! a Ch"" .... , Atten· 
tlon Halt will be senl 10 tns lOP. II tl>e lOP 'espond. 
wil~in 50 ms. '~e TP ",Mit It was halted 10 prlnled. 
Olh"wlu. Ihe contro l p,og ram lsaueo an lI"or 
massage. II, alany time. the IIU, wanls log!1 oul ollhe 
prog,am. typing a n ESC will pass control back 10 the 
SOK-36 manito<. f lgu .. g .~ Iht llow 01 lhe conlrol 
program. 

Notll that. unlike a Single CPU deDugg ing rouli ne, na.· 
Ing the 8086 lupe", lse the 8069 enables a clun exit 
lrom cre.tled lOP programs . TI>e prag,am COde wheft 
lumps had bMn ptaced . r. always rll.lored. TI>II control 
p<ogram i, a good uample 01 how the power 01 dual 
p<""e.so .. can be put to QOOd advantage. 

Comments with in th e control p,ogram Indicat e 
parameter . that need 10 b<t changed 10 run on diller,nl 
s y. lllms. It SrlO'Jld be t'OleG 111&1 ClI&nne lallenlions are 
in.Oked by lhe reeommende<l method 01 ullng an 110 
write to I po<IIO generat e CA and using An lor SEL. 

So<Jrce and oblect lilea 01 thla program Ira aval labl. 
tnrough Intel'~ INSITE'" User's P,ogram LiDrary as pro
gram 81)89 Br9ak. 89 (number A06). 
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I AP·SO 

ISIS-II PL'"-a. "O~ 
0. -","' IIOlM.e ..... en 
C ()rO.IL~P IINOi<iO By 

COI"l'lwo"OH c;, ..oDU..1 UU .. 'O"or 
'N a" EN< OIIJ 

~1 'Ltt& ~REA~ S~C '.OC:WIDTII 0100' 

, 
, , , , 
• , 
• , 
• , 
, , 
• , 
• , 
" 

" 

, . 
... ••• ~~_ ~OIHT nOCIDUIIl 
.... 'no. "' """£ HWQVSON U;:". 
INnL COf<~DO'AflON 

~Rt""~INT 
00. 
O([L""'( , ."". DECL ..... E s.oWtODl: " , _ .. ' . ..... VI ~OII ITOII""'€H 
D[CI.MI£ ONU'~ POIN1U. / . C_ eM: PP ., 
I>E CL .... ( t"""~ ~O".TO, ,. ,- T"" ~~ ., 
D[~'-""E STAATIHU , " ,v'r. ,. .....,~[R ~OII Sf"" ADllIIElI ., 
OOICL .... E ~OI .. TU FOIl 51""" .oM ., 
o(CL""'[ .~ 

D' iC'-""E ., 
D,,"LA" E 

,. YOU ..... n CONFI_E "avo 110 IIT' UCT!.ftE ..,.D 
~'~TEI'O to .... C~ , ..... """"" OIl v, ... YEA .... 0 ' 

OC:C'-~"E C~'5T.u", llTP ....... y ·00,~2t<', , . a2~ ' , un ... ~alOT Of 
ClOT"", . Lau ....... y ·OI' ~"OH·. / . U", ... , . HIII . S _ , 
e,_nOl LITER"U-Y .01' ... .. , . c' .... n IN: c ..... on ATT£J<TlON pan . , 
, . e.won TWO ( .. ..,.'" "n£N, ,ON ~""T _ c_nut • , . j 

~'"t'IUDNE LIT U ... LV ' _ ', 
c"'" .. u .... L" ..... L~ ·0 ... •• 

, . ~SC!l IS • Sl~l~ 01' t<E . C_...cHTDU; IN AS<:11 rOIl" 0/ 
"""" , o j I."' 11« . ... '·O IZ) ... ,.......,I)U'·,. 
'ITLU 5T_''''' ,. , Iv" I),OT. 10-.0001.'_ ""[~I"" \NO , 0' . ....... 0001. ·Tv." ~K""I[ TO ~H,,"N TO IO<ITOII ....... 0001. e, . 

., 

C_'\lEN c . , lv" 1),0 0. I·e ............ nolT . ,," CI 'JO< TV." _ ~'v '0 AIOII f .· 
, _.OOH.e,. 

.-

~v T( I),O T. '0 ..... 0001. ':'j'~'~AA~!'jO~'[":"j";';~~:"D " ""'" OOH. 0'. 
'" '. • ........ 0 ..... 0,,"". 

"-OIIfAf ,. , IvU O.fA~~" ONE ,. , I vT£ DATA" c .. _ ...... ·. _ .000<.00 .... 
r .... ( . , u n .... 'A" C .... ·.I( .. '.., '.0-.0,,".000< •. 
CAS'. ''''' , . , IYTI: DII, . ( ..... _ '._'. 
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AP-SO 

, '0'· '.""" . 
"OC • ·. OM ', 

'0 .... . DOH. ' Ie _ 
,O"' .OOH. ' 1' • 
'0 .... 0 .... ·C( • 
, o-.OOH.·'" • 

fO ~""cE TOOl: CI'U 10110 .... 
\lSI! 1 ~ I. TH<t • 0,000_ _' 

~~~~ , . , 'VIT 0.. •• ,occ",. 
nUl II _ H<l J _, 
ootEJIE WOOD 0..'. ' ,,",.S ,. 
~""L ""'::"E, 

E ~O, 

/ _ cO SENOI • c_ ro ' "' CON&OLl ~N ~E~O' . , 
, . l ~' S ROIJ "NE " .... 'TlIH TO "VN ~I . ne if"' ",.(Ot' OF "" S""' • • j 

" ".OCEllUll[ ,~ , . 

Mc"""'C e I . n . 
00 .... ILl " N.u" c .rlT~' '''' _ 00,,,, • O. li ND' 
OIJ"u, ,cnO~T.' • c, 

i>C>' 

, . CI ~TI • c-"'~'[" ~"g" .. e 11K" vi. r~ HO I ... '0'" ., 
, _ tl "",g".,,"C"'LV ECHO. ,...: C .... ...c ... u TO '><E VIC" CCNlCl.[ . , 
K~L""[ t IC." LlTVO ..... " . " .... 

CI .001:£_[ uTll . 
00 .... IUi H ""uTOC .. U' .. ' .... ' ...." ~, • O. END, 
COWl _ ",,"Ul <CUO~U J ..... 0 "'''. 
t ALL CO' ~ ... " " 
" cOWl _ I:SC ..... rtc" c ..... lDO<rOI. " eo TO S .... 1001101< ., 
un ..... C_ , 
~, 

j . v .... ,OtoE' C><EC_ I ' "' ....... , Ollv OF A un . , A ... C ..... ""' .. Tlh l 
" T><E I'IIoc' _' ........... r."", I~ V ... ,D ~""H I ~ JC)T . 1 

TOut. 

. ... 11:. 
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AP-50 

, . HE ' (ONV c ""vElns ~ .... C ....... AC n~ ? O II""'" ~OII .....:~I"" Vtlf 
IF T", c~~~Ct!. IS NO' • VALlO ~E ' eM • • . ~ ~.oe( DUR" . ET~NS 
' >E .... LlIE OF F .. . / 

H£tCONV 
P" oeED<.O!f ' 0_1' ,¥TE. 

OEec .... O_T !YTt . 
'F v ""-IOHE " n . ,, <> (tI'F>t TIfEN ~ET""N TRVI: . 
00 1-0 TO L_9" .9C "' • 

'F OM _ .sc"", TME" . E l"",. , • 
oND ; 
["'0 . 

' 0 fiE,,"" 'W I LL cONv£~T _ V_LVI: CIF TYPE '''€ TO . N . o;ell Sl.,NO 
_"0 S[ NP !l TO r"" CONSCILE . , 

HE'WI 
P"OCED\JR E' e 1 . 

Q(Cc ..... ClY TE . 
o""-c Co'.S( ll eS". ". " _0 ""M"; 
C""- C C"'.SOIIC' ..." ClFM "; 

("'D. 

/ . """'D' •• " CONVERTi.o v ..... VI: "" lV'( ",,"P TO"" . SCII 8TRlNO 
.... 0 StND!! IT TO T~E CON5"'- ~ . , 

~~, 

~Roc[~""E .~, . 

!>EOC • • " .. """,0, 
C""-C ," , "u"~IC~ 'w' ). 
,''''-' . ... . W T' cOW, N' , . 

[NO • 

/ . , [ ' .00"E S5 IS • 9 0OC€ DUOE TO OEl . .... OO""SS F"OM ~ eONSCIL! 
t~ 'S .AocEOUA! N!U 0 .... . 'QN!; IOE" tHE L. 8T ~ eMAAACMfO'S ENTERED 

" 0 [ 01.""[ ,,,",Nt A (4 ' 0"[' 

~E TOADD""SS 
' AOCEou"E " """t A. 

OECL".' nu •• UYT". 
"C~E' . ..... V,"-Vl:S TO 'UO ' f 

,"'N t . ,O ' • 0. 
''''NTO''' • 0; 
l"'m • . ~' • O . 
'''''NTO,] l _ 0; 

. UI'~ • o. 

,".hCTE" ' NPu T "OCS IN'O 
FW~ i lTS (If' IN.NT.'OI 

2 rH€ HEn TO L~ST ~ ""'.ACfO' "olES I NTO 
tH~ LW FOlHO lIT! OF ''''NT" '~'-
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11<"" ... COM'u.n 

" " " " " " .. 
" •• 
" 

., 
~ ., .. 
•• .. •• 

" 
" " ., ., .. .. 
•• .. 
" 

, , , , , , , , , , 
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, 

, 
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AP·50 

,N fO 

T>C .. iKI"" , ... ". R 
' .. NfR<a . U ....... Tl .... IN 

* cllHl.. " ... ,,"", c,.. " 011 c_ ' , ... ...,.. ' 2 .. 4 . ANa 00-" '" 
* cJM..',"""' R, a " " 011 . ,""N.R ca ...... 00-"'" 
* _F, 

~. 

CH.L CO, Oo>o/< ,. , 0L'" nED . 0 Uh, 
COLL c O' '''''' ,, ,.C ..... , .. O«; .... . 0 c ... , 
.UUtN .RESItN • • ' 0 .... 100. , . ~ .0l"'U '0 '1oE ...... v , ... ...,.. oJ 

,~. 

,. i T.,1IWU'T I i ~ • • OCo:"",,' TO _ND THE cONSOLE .... ~1IC 1l . ' .,NO 
£OCl,toO ,,, T>II! ""'-'" 00 ITR ,"'IOVT NEEDIl • v ... ~ DF ,"" •• 0'NT(lIt ., 

"., ... . OY. 
" ooCtil><Jf<E < •• 0 , , 

NCLNlE •• " ,0IN'" •• " ,. "!IIID n •• L) avT[, 
, * 0 , 
00 W'"Lt ST •• " <> 0; 

COLL CO'"."" , , . , ... 
~ •. 

EMD, 

OUL",,£ ,...". c' ) IV'" DA'. ,. Of'U." '" IN · .a •. ''''''!IIN! ' 0 1 IV,.. DA'A " 10 PACE '. (I,OH. """.01. 
1"0' ''1010 ,.j UTI DA T~ '·SY. Too .""[ '. _ .0"". 0 ) , 

, . '",,'EIT .n ..... ''''' II' _ U_ " rcESSA<J€ m , .. CDNe(l.r 
'IC . AO ,. LOC.TlO 'N liT , ,",U • TAO lIT 01' O<C r<E_ 1'1<[ 
.O'NTDL " '0 "0 PAC .. . _ A 'AO lIT 01' IEJIO ._ THt 
.O'NT'" II m I v,,"N PAC' . , 

, . TIoE CALutO ~T Dlc l ai WNICK lVI, MAS IM€ ,..., _ ••• • , . TO '04T • • ' . , 

• ...,TUT 
,.OC(DU.E' rEST" 

aieL • • E TU' IVTE, 
CALL SToI""OUT<IT""II" 
IF • 'U' AND 010001' 0 0 -. 00. 

CALL aT.,><GOUT<"AOISONli " -. ~. 
00. 

C ... l 5n1 I..oou ... T"",UUg •• -. 
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"WI. cr. I . IlEl c,w"':L _no . , 
IF " ......... 00' .. ' () ° ,. 'NEc ~ 111 nOD ,0 DGINE 

c""'. 'O ......,.,.0 . , 
1110< DO. 

C ..... L Inoll<QOUT< e<:IM': ' . 
ONUWO _ C_L-oN[ . 
~, 

~R 

00, 
CH..L 9111HOOJT< II.oJI , 
ONEl.oJ _ C ... Nl.-cLHWO, 

[NO, 

c ....... 5.ftl~OVT< Ice:"Sl"" ", , . GOI' . t .... "NO " 0001£" 
• 0 "" V!lOO . , 

SI"".OIN1U _ GU .. OIIU SS, 
DO , _ 0 TO'. I _ 100'£ " " UOC _Ell ,MTO c' AIICA " 

, ,""TUTU,, , · , ..... "'," , 
~, 

c ....... 1I. 'NDOUTlHtDl''''"''' ', , . 0£1 8'DI' """"US F""" .-:II . , 

ENOPOINIU • IlEIAI)t>IIESS , 
1>0 , _ 0 ' 0,. I . I'IOY£ COOC 10 SAri M£ .. " 

s"\O£cOOolt:' I ' _ I U_"' ... '", 
(""" 
OO,_O I Ol, 

'OUo.OVT ", _ . u .... a~' r I, , . I'OVi (6C .... £ SEQUENCE IIITO .L .. C[ . , 
["", . 
C,""'"" • OF~". I . SliT C~ ONE ...... _ FL .. e " c,""'"., . OF~'" " SET C""_L . >10 _~ n...; _ I 

110 e ... I)HCT>IO. 
p •• ~. ., --. 
~, 

c ...... ,," ' OI'OOtl <OIO£ orwo." >, 
1 0 .... 11 FOIl OOC "" THE FOUaw ,NQ 

L e ..... I< " • 0 CO" "" ..... ~ 
, C' .... "., 0 0 elC! "". lutI_ 
l T><I! I,,, "(c IVI'F!" " ' .... L .. e....,u: \ISIi" _ "'""KO .. . ... 
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