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I AP·S1 

INTFIODUCOOH 

o..< ' he ,,",,1 "" ... ,a1 y-.. mlcr<lpnlCes!lOl'5 have lIMn 
111<;1' .... 1"11 In _"I.lly. The 1M<1_ impr_ 
"'*II. Ind co., .eduction. IUOrde<! by lSI 1000IInOIo;y 
l\aYe .p~rr"" on tne o.llgn mottv'tlOtl 01 using mull tpl. 
proc.uon to "'"' 'YI1,m .... '·lIme perfOff"lnCI 
"qul""...nt,. The 0."'<1 lor Improyed , y.tem real·llma 
"'POIl", I YI '<1m fallablilly arlC! modula' ;ty n.s made 
muitlptOCH""II technique. In Inc ..... ,nll'y aU'lcU •• 
.,1"""" ... 10 lhe ')'Item O&llgn .nlll .... ': tec hn lqw. 
IILaI If' characl,r;Ze<l II h,.lng mOO-a than one micro­
ptOCfIlsor ' h'" common resource., tuCII Is memO<'( 
_ 110. oYer • common multiple pro<:ltSsot bu • . 

TI'II. type ", oesign concept "IOw. 11>0 Iyllam ","10"" 
10 partition 00 ..... ' .rSl ..... tunctlon. into lMh In., 
NCh 01 Moe',' PfOU»OIl I;ton !Land" Indfwld ..... ,y to 
Inc'N ... y,lem l)erIOfm&r>ee and IhfOUghpu1. But. how 
'''Ould • de"gner prOCeed 10 Impl, ment • mul!;pfOC­
enlng . y. lem1 SMuid na II&llgo nl. own? 11 so, how 
." tna mlcroproc . .. orl .ynch'QnlzedlO •• oid con ten· 
lion prOblems? TI>e <lesioner could pUl them all In phaN 
ullng _ cloc k 101' all the micrOQ'OC.Uor • . Thi ..... y 
.. 011<. unl il lhe ""y.bl dim .... lon. 01 IIIe .V" .... 
DK0fT4~. WIlen In,- OQC;UII. In. deslg_ Is lac..:! 
.. li n .... ny problem., liII, clOck .~ew (resunlng in bu. 
Ip« ."'alionl).nd duly C~1e • .,latlon •. 

A ~H" Ipproach 10 Implem.rHlng I m~lt,p,oces.OI 

I yll.." I. nol 10 ha • • a common proc.,SOl clock, I:>~I 
allo .. neh p.ocessor 10 .. OI k I$ynch,onoully .. ilh 
r •• peel 10 .""h Oll>8r. TM mlc rOQrocenor 'equII" 10 
uN Irle multiple p,OC ... O' I:>u. COUld Irlen ~ s ynch,o­
n~..:I to' high I''''luency • • tern.1 ClOC k whiCh ... 111 1>0" 
mit douly cycle ana phaN Ihlll .artltlon • . TNs Iype 01 
~roach has lhe t..nelll 01 .lIowing modularlly 01 ,...d· 
....... When new .y$lem lur>ellon. a •• OMI,..:I • ...,.. 
ptoc .. sing _ .. can til .. _ wil_1 i""""l;ng 
"I'ling proces5Ol' taok pan,llonlng.. 

01\1 IWlOIe h 10 i mpl.me~,l lhl. uyr>eI'wOOOUI p,ocel" 
IfIQ st,uelure w<luld be to ...... all lhe bus r'que". ent .. 
• ptlor lty .ncOder whiCh tlmpl.s III inpUt s 1$' lunc· 
lion ot the h lg he, I,equency "bus clock" . The In pulS 
WOuld "rI .. a$yr>eh,onOUlly 10 the p,lorlty encOd ... and 
WOlJld be re.ol.ed by lh. pnor lty ... coder S!fuelu r ... to 
wMoIeh microp,OCUI<)r Would be orented the bu •. A .... 
ot"" IpOroacl'l, 'hal uMd by Intel, II ,.Ihe< than 1110 .. · 
Ing the requests to am .. uynchronously w,t h r"P«t 
10_ lnol"" II the ptlorlty ... _r. the !;>us reqUllts 
... Iynch,oni.ed Ilrsl 10 In .-1 ..... 1 hiOh Irequency I:>us 
elOck .nd tllen sent 10 the ptiOllty enc<><lef to be .. 
101 • ..:1 . In Ihll way , the ,_Ing CI,cullry common 10 all 
mlcroproceSI<)rS Is kept.1 I minimu m. o..,all .y.lam 
rellablilly II Imp,,,,,ed In Ih. NnN that ,hould a ci'cvlt 
", hleh ._s to synch,on lze the proces,or's requesl 
(",hleh II no", loea t..:! on the .. me c .. d IS ttwo mlc,o. 
prOCHaof Itself) tall. il I. only""' .... ,., to remo .. thl1 
c.rd trom the system....., till re.t ot the syst.m will 
oonU ..... to tunctlOn . Wher ... In tnt Ollie< lIIlPfoach. 
'hOuld the synchron izing r,,,,,,,,,,ilm I'lt. tne ........ 

'v""" pS dOwn . .. lhe .yMCnronlling mechanl.m I, 
~tlod 11 IIIe SNlIod ... 00"", • . In _ilion to 1111 I .... 
prOOted .y".., re".billty. _Ing the ,yncr"on~111on 
mec"'nlsm to the prOCtIrlOr pe,mitl p, oceasot control 
0. .. t"'l me< n.anllm. Ih"'~ permitting .y" ..... tle .l· 
bltlt~ (a . .. ill be shown) .. hiell could no! boo 'NIIOf'II~1y 
Obla lned t>y any 0lh8O' IPP ,oach. 

Tnls synC hronizing or ImUrltlng lu""lion w" Intt· 
Orll..:l InlO the a28~. a c ~"om , rbilllt ion unit 10' the 
8086. 8088 .• nd 8089 prOCIIIOlI. This nOle bulClilly 
oe""ri~U I"" 8211i "bl"lt ton unit. illy_tret .. il' dil· 
, ..... 1 modes 01 _.11On .nd h .. dw,,, connect In I 

multrprocesaof syst ...... Ret"ed""" u .. lul dOCumentl 
.. t: 80811 UW' .... n....,. 82811 data ,""t. Arlle l. Reprlnl 
-55: Oulon ~oTl •• tlon, lor Multiple Procellor 
M,crocompuier Sy" ...... (which dlac" .... Impl_nl. 
Ing a .tmap/>o,. witn Ih. MULTIBUS""l.nd AW IiCOItl OI'I 
Note 28A, Intet MUL TIBUS'" Interlacing , 

BUS AABITEA OpEAATING CHARACTEAISTICS 

The 82119 B .... Arbller ope,"es In conJ ~nction with the 
&2M B~. ContfO/l .. to In l ... t_.n 8086, 8088. "" 8OB9 
ptOcIl_ 10 • multi ...... "er I)'_t"" buS (Ihe am Is 
uMd lSI gen .. aI_ "01""lOn unll). Th. procHIOrl, 
~"'''''r' 01 the .. bit ....... 1".....,. """ IUUM c:orn. 
mand ... thOugh i' ".. e.el~IIl •• use oltha ,ysl ... bu,. 
It lhe ptoce •• or doll nol """ the use 01 lhe mulll· 
m .. t.r .y.tem !;>us. tht I:>us .rblter pre. ents 11>tI bul 
control Ie,. lhe d.I.lranlcat .... and lhe add .... lalc n .. 
'rom accu.ino tha .y" ..... bu. 1'-1 .. all 1:> .... d~.e. out· 
pUIS Ife torCed Into lhe hlgn Impedar>ee sta "l. SlfICt 
11>tI command .. a. nol IIIUICI, s trenll" ackno .. l..sg.a 
(XACK) will nOI be ,tturned and lhe prace.lOr will ... ", 
InlO will states. Tllnller ac~_IfId_ are ston.l • 
"" .. ned Irom the _rHsed retou.ca lo Inaicll. IO the 
_11<)r Ifllt Ihe tran,l" I, compl.te. TNI slgnll II 
typically used to control the ,eady Illflutl 01 lf11 clock 
g.., ... ttor. T1>tI proce,1<)r .. III remain In wal t unUI 11\1 
~U •• ~tef aCQul"s 11\1 ult 01 Iha multi-mnte' Iy".m 
bus, whe .eu""n 1M bUI ,rI)lte ... III II IOw the bus con· 
t'olle,. the (lata traro'Ct l"" and the . ddreularche.lo 
acCII. the system bu., Onc. the tommand hll _n 
IlIutd and a dall tranll" "" II" , n place. a tranl!" 
acknowledge (XAC K) ' ... turned 10 the procelsor. Tile 
pf""'U"" then compllt .. Itl tr.n.l .... cycle. Thus, 11>tI 
.. 1:>11. HMOs 10 ...... Ulple. I procenor fOr bu ...... 1Ier) 
onlO • multi· .... "., l)'1t_ I:>u. """ .w:>id eon!enl5Qn 
ptOIlI ...... !NIlw",," !>U ...... t .... 

Since m .... CIn boo mlny buS Il'll&lers On. "'ulll·mllter 
.y.t ..... ~ u •. lome masn. 01 "solving priority bel wMn 
Out mut"$ slmultaneou.ly .~uestlng the bus mull b, 
p ' Ovlded. The 6289 Bu. A,bll" pro. ldes IOf ... ... 1 
.. loMng lechnlques. All th,tac:hnlques are I>aSIId on. 
t!<IO,lly conce ptthlt al. Ol.,~ time one bus mall" will 
h, .. priorily _.11 th. rHt. The .. tac:hn;q .... , I .... 
cl _ t1>tl par.llel priority resoWing lechnlques. stria! 
ptlOrlly .. ,01";"0 _ ,o"tlng ptlorlly I.., .... iq ..... 
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A u,lal p'iofl1y ,esolvlng lec~nlq u .. elimlnal". Ille need 

tor Ille priority e<'1C<Xl .. ,-oeCOde, -:;::" ;~i~; 
Cr>al nl"O tM Dus "Diters log .. lh .. r. ~ 
by connecling Ihe highe, prlo'ity !)uS 
(DuS priority ootl outpul 10 Ihe BPRN I 
pnorlly (~ Figure 31. The hlghe.t priority Dus arDlle' 
would 1Ia ... its ~ line grour>ded, signifying to Ihe ". 
bil '" that it always ~aa highest priority when ,eque.ting 
Ih" bus. 

"", ... , .. "'.", 
, . _. ....... , - -
,., ON' .... , .. ,~ , 
,. _. 

.... " . . -0 .. , .-.. ~ 

. ... ro • .. ~ , 
• • 

c •• l> : : ... ' 

~ ............................ "" 
A rOlatlng priority re.ol.l ng l&ehnlque ~rr~ng .. ment Is 
simila, to tl>at Of Ihe parallel priorily resol ,.ing teehnique 
e. cepl tnal priO'ily is dYNlmlca lly 'eassigned. The pri · 
ority enCOde, is r8j)I'Ced by a mo,e comple. Circu it 
whlcn rotates p.io.ity Detw""n ,equeSHr>g a,Me,s. thu. 
gUlranleelng each a.blter equal time 00 tl>e mu lti· 
maater sy. tem bus. 

Tt>e ... are ad>'8nt8g'" and Oi .... d •• nl"l!M lor UCh ot the 
technique. desc,ibed above. Tt>e .Olatlng p.lo.lty .e· 
$Olyi "O lechnique requires an ex tensi"" amounl ot logle 
to implement. while 1M ",iat tecMiq"" can aCCOmmo­
d.te only. l imited number of bus arbiters belore tl>e 
daisy-Ch,ln prop.gation d~ay .. ceeos tile multi·maSter 
system Dus c lock (BCCK). Tile pe rallel priority ,eaOI.lng 
I. ehn iqu. is, in g .... e .. l. the t>est comp,omise. It aliows 
lor many amllers to ~e p ....... nl on 1M bus whi le nol 
r~ulrlng much logic to Imptement. 

w~"e.er resolving technique 15 :"~~:~o: it i s the 
~ ig~elt prlO'i ly bus ..,bil .. , re<luesling ""'" 
mUle' syst .. m I)ua w~ic~ Ol)t.in. 1M bu&. 
do , . Ist witl> tr.e 8289 Bus IIrblle, wlle,e a I 
.. bller m~y t~ke away lI>e bus lrom. nighe, , i 
bile. wllhoutlhe need lor any Mdilional 
Thi, i, accomplished Ih'ougl> Ihe use 01 
d l!ICussed in. 1.1e< section . 

MULTI-MASTER SYSTEM I!tUS SURRENDER AND 
REOUEST 

The 8289 Bus Arblte. prOYldes an Inlelllgen t Inlerlaceto 
allow. prOCM ...... O. ~"s "",",er 01 the 8Of:l6 family to at· 
cess a mulll·master system bus. The arblle. directs lhe 
procn sor onto the bu s and allow5 bolh highe •• nd 
lower p.iO.ity bu s masters Ie "'<Iu ir .. 1M bu s. Hig~e. 
priority masl .. ,s oblain Ihe bus when the p ... senl bus 
mu le' u!ili,ing tile I)us COmp l .. tes ils t ransle' CyC I .. (in. 
cluding h04d lime). LOWe.- ptio.lly Dus masle,s Obtain 
Ihe bus wI> .... a highe, priorily bus maste, i, nOI 
accusing Ie syotem bus and a lowe. ptlorlly arbil er 
1>" p .. lI,d BR Illw. This algnltlea to tile .. bit .. 
p ... ..,tly hotdlng the multl·ptocesso. bus Ihal a low .. 
p.lority arbIter woutd like to acqu l ... the bus when II Is 
not being u""d. A strapplr>g opllon (ANYRQSTJ al lo ws 
Ihe multi·maste, system bus to be su rrMoe<eo tl> .ny 
I)us mUle, 'e<luesll"O Ine bus. r&ga'Olen 01 Its priority. 
Iltl>e" Are no other bu.\mast .. s requnllng In, bus. the 
a.b lter malnlalns tM bus as IorIg as I1s •• """I.IIKI bu. 
master has not en le.ed tile HALT stat • . Tn. 828f1 Bu, 
A,blref' will nol " bus .nd 

How the 8289 Bus Amller I. conflgu."., determines the 
manne. ln which Ihe arbiter ,equests and 8..,rrend",s t~. 
system bus. It Ihe arbiter io con flgu.ed 10 operate wllh a 

p,ocesso. whlcl> lias acc;.H~:'~',:O::O:O::';"~'i •• ~m;"~";' ;~~ •• ;':.:' syslem bus and a "sidenl 
use 01 the mull i·"",.ter I 
accesses (I.e .• it is a I inpul 
pinl . While Ihe p'ocesso, is .ccessing Ihe ,esident bus, 
1M amlter pe.mlt. a lowe. p.lorlty I)u. master 10 seize 
the oySlem!>Us . Ia CeRa. since It Is nol being used. A 
p.ocesso. configu.atlon with both In 110 pe<ipheral bus 
and a system bus beha.es similarly. II lhe ~,oceS&o, is 
accessing the pedpher" bu s, the ',I)ile, permils th" 
.urrenderino of lhe multl·master Syslem bus to. lower 
p'io,lty !)us mas ter. To r.quest Ihe u59 01 th. mu lti· 
ma.ler sy.lem bu., the p.ocessor must pe.fo.m • 
'ySlem memory aeee .. (ao opposed to an 110 &eCHS). 

Tne 'fbiler decOdes In. processor stat ... li ....,s 10 del ... • 
mine .. hat type 01 access is being performed and be· 
~ a.es correspond ingl y. 1"0. simple< sySlem conlig· 
u,.lions, such as a proce ssor wl>lc~ "",ceases only a 
mulli·master sySlem bu •• the a,bi ter ,equesls the use 01 
the system bu. when II delects I~e status tines In· 
ItI ... tl ng a transte, cyc le . The d&eodlng "f tile .. stalus 
lines can be ,ele.enced In the 8086, 8086 (non-tIO proc· 
essor) dala snools or Ihe 8089 (110 processor) data 
sheel. 

Tllere Is ene cood ilion common to all system contigu,.· 
tlon. whe.e the multl .... a",e •• y. tem bu. Is surrendered 

::.:,1 lhebus bypull· 
I [Tn .. hlcl> 

unIQue to tile 80ee and 8088 p.ocesso. family . This TI 
state cOmes about due to the procesaor's ability to 
letel> Inst ,uetions in adv'nce .nd siore them Intern.lly 
to, quiCk aCcess. ll>e size of the Internat queue was op. 
IIml, ed.o that lhe procnsor wOUld m.ke the fl'I(>st el· 
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I""tlve u"" 01 Its .uou.c.s and be sllgMly execulioo 
I>o<Ind . Since t~e p.ocessor can letc~ COde I •• t .... lh.n it 
cen e.ecule il. il will li ll 10 c'()aC lty it. Intemal 'Io.a~e 

que ..... Whtn thi. occ ur •. the proc.uor witl enl er Inlo 
ime o. inACliv. s t.I". (TI) unli l Ille p.ocesso. II .. ex· 
eculed some ot Ih. code In Ihe 010'.~ 'I" ...... Once Ihls 
occurs, Ihe p<oc.ssor will exit the 11 sh'" _ ~.in 

.,," COd" 'etChing . Btll w"n entering into ano e xiting 
Irom the 11 sta .. an indel .... minate number 01 TI stoles 
can occ ur du.lng whiCh Ille bu. arbile. permits Ihe s u.· 
rendering 01 tha multi-master system bus 10 a lowar 
priority bus maste', As nOled u.lier .no worlh 
'epeatlr>g he ... once tn. 8289 Bus M~ite. aCQulr" Ihe 
u" 01 the multi·murar .y"em it will nol volunta'ily su,· 
render Ihe bu . ano h .. 10 be lorced 011 by anolller bu. 
ma.le •. Thl. will be discussed In more detail lal ..... 

Two otlle< .ig""". LOCK and CROLCK IFigu.e 4). lend 
10 tile lIexlblllty of tne 8289 Bu. Arblte. within s ys tem 
configurations . lOCK I, ,, 5ignal I 
"SOr 10 pr.venl lhe bus arbite. 
lit Ilr. 

ranI it. 
semapflores 

, , 
, 

for critiCal cooe-

•• -1 •.. -

, 

•• 
.' 

critica l ev",,1S (,uCh as ,.I."I1Ir>g 0' liard disk 
" .n.le,s). 

8289 BUS AR8ITER IJ<lT ERFACING TO THE em 
BUS CONTROLLER 

Once tM 82l!9 Bus Arbller dete.mi ..... to eithe. allow It. 
a$Sool. ted p<ocessOf onlo the multi·master oystem bus 
or 10 • .,,,enlle, I~e bus. It m~st g""rantee thaI com· 
mand s eluP and h<>d limes a re nOI ';otal.." This is .. 
two part prOf:l lem. 0 ..... guaranteeing hoIQ lime and two. 
guaranleeing s.,tup time. The 6288 Bus Controller pe.· 
lorm. lhe aClual task of eSlabllshlng selup time. wMe 
the 62!!9 Btl. Arbiler eSlablishes hOld time lSee Figure 

" Tile 8289 Bu. Arbiter comm unlcales wilh the 6288 Bu. 
Controlle. vi. the liE N line. When the arbi te< allOws it. 
as.ocialed p.ocesso •• ccess to lhe multi·m .. s ter 'ya· 
lem bus. it activates.i:EFi . AER imm..,l"ely enabtes the 
aOcl"'ss lalcnu and da.la Iransuive". T~. bus con· 
trOlle. respondS to A"lrn by bringing It. command OUlput 
butlers out ot high Imp..,.""" state biJI k .... plng all 
command. disquali fied until cammand selup lime i. 
eslab llshe<!, Once ."al>lIs """, lhe app.opriate com· 
mand is then issued. m i. brought 10 the 1.1 ... t.le 
a ller Ihe command flold time has been e5tatltished by 
rhe arbiter when surrende.ing Ihe bus. 

___ .L/ ___ ....J! 

. .... "- < .. " r ...... 

~ 

... :~::::::::J:-----:;:::::::;------;::~:::::;';;;:=j~ 
""':,E -=+ [--fI.-

........... _ .., .... ,.. _ . ..... " w .... , _ . ....... ' 
l"O """' ....... _ • ..-. .... TI 

•. _ .... _~ .. "" . ...... ,' """' .. n .. ",,",ISOOO <><" '. 
"'. "' .. r ... _ •• MOO.' ........ " " "" " ,., 00-"" ... ..- .. ..,.... 
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U" IUS AIIBIT£ IIINT£IIIo1AL AIIC tUTECTUII£ 

A block di~,.m 01 lhe Inl ... n;oII,cM..:lu'" oIl'" 82M 
BUI /Io rl>!l.' i. $hown In Fig ..... S . II I. u.elul '0 ul>(1 ... · 
,I.nd Ihi. ~Ioc~ dllg,.m when "'KU •• I"IIlhe diU .. ..,' 
moa .. or lhe 828Q ,,1>(1 therr ,mj)aCI on P'OCU'Df bue 
OPll,.tlons; howe-II. Y"" ........... lntlO Ik,O 'his .. clion 
to "8086 I,mily p<oceno, I,PlII 1M s~ .. em contigu,.· 
lion," Ind ,etvrn 10 it .tt.rl .. ,de. as Ihis secllon Id· 
ores ... Ihe very invOlved ' .. 0 .... TI>oI lronl end st;oll 
g .... rater IF ETG) lind Ih. w". lind .1." oe"",.lor 
(BETGI.I ..... the ,,"'I" 10 t'lICk lhe p<OC, .. ,or eyc ... An 
• • arni""llon ot ... aoee t""';ty ptOC ... or stale I,mings 
l howlhl' all command "'" <:OI'lfOl Ii"",,' a'e ,.w.oln 
...... Tl.nd T2 wt>; .. t*ngl ... m,,,,,11od In .te, •• nand 
U , wlth .n Ind.l ..... i ...... number ot ... it .,.tesIT .... OC· 
,,," i"llin belween , loI ot. lu,lhe'. that an Irroel .. mlnlll 
numbe' 01 Idte or in.tel, .. Il,ttl can occu' im.,.,."i, t.t, 
proceeding an<! lollo .... 'ng • gIven Iflnsl" qo t •. Sine, 
,n Ifldel"min,t, number 01 w.lt I t.tes can occu' , two 
It.t. genl,"erS If. rlll""lod; 0<1* to g ..... ,.tl canuo. 
,i"",,11 (the FETGI.nd on. 10 I"mlnl ' . oonl,OI .'gnall 
Ithl BHG~ The F£TG I, lrlilOllIod Into ol,er;otion whe n 
,1>01 !>fOC .... or acl,y.ln the 111lul Iones. The FHG I, 
, ... t .nd lhe BETG I. Ir!gOlltd IntO OPI'<'Ilion by tl>ol 
Ilatu. 11"," gO'ng 1o 11>01 PM"" condil"'" The BETG I. 
, .... when 1M .lllul Ii"" -oa,n go foCI ..... 

Ill' ntell ...... tor lhe 8289 8uI /Io,biter 10 [rack the !>fOC' 
eI"" In ortIer thl' il it p'epe,ly 'bt, 10 de,erminl whe" 
.M w"tn to ,eq"eI' or . u" .... O" Ihe v .... 01 th. multi· 
ma.l .. I y".m bus, In 'Y"em contlgufllions which 1oC­
c.as I 'esldent bu •. lhe vH 01 tM multi·masle, I Yliem 

, 

." 

.... 

... 0'" - -

... , ... ---
<0.'00' 

....... _ ...... , ......... 

but , lal., In orIM' to atlow Ii"", lor Ih. 
,npul 10 1>tCOm ••• Iid_ For s)'Sleml wnicn 

access , jItInp/'rell' bu •. lhe .""t., Is ...... a IIQ .... I tor 
'ht SYltem 1)u1 only to, .......cry 111"11., cycl .. wnicn it 
d..:odel hom the .IItul 1"\1' ,Ind """ mul' be .,. 
towed tor Ihe .'alul I'M. to btCOm. valid and Ihen Ot­
,00td). tn a oyste"" w"lc~ .CC .... I only . mutt i· m.ller 
' Yltem ~Ol, a ,equesl Is maIM n soon as 11>01 ar~llt' 
deleelS a" actlvl ilolng t';onlillon on Ihe p'ocessor" 
It.lul Ii",._ Thu., whtn 11>01 pmcessor ini'i.t ... 
,,,nit .. cycle . tne FETG II lJiOI/Iflod Inlo o_alion Ind. 
d_ding upon wnat moOI the .,bile< i. conhgu,ed In . 
' he STATUS & ,",OOE DECODE CIrC .. 'I .... ;"il"t ... ' .. 
.';,~;;.;,t tor 11>01 l)'It"" bul" the IP9fOP<i,'.l i""". Th. , • 
, ',;;~~ ,Ihe BREO SET c;n:uilry wner. it is ll>oIn 

',. to ,1>01 ""'II ....... '" Iyllem bul ClOCk 
PROCESSOR SVNC~RON~TION cl,-

, 
"Iurnl 

'"' OUI 1'" n • • 1 ti Gott 
IIlgn) by It" 00" hlg" 
Ind I;""ing " i."m In 
Flgu .. 21. On<:1 ""',er _"" .. Ihe uK ot 1M 
lyIIl.", bu •• nd • 0111 IXCI\anIII has Ilk.., pt,e. ,. 
IfI""'" acknowllldge . ... CK. .... "tu" '",,, 10 , .... PfOC· 
, .. or). 'lie proc .. "" tlllul II .... go pas .... Irrct the 

'0 ... '" , ........ _ ... , ... or .''''' •• _ ""n.'" ,_, '0 , .. 
..... , ..... " .. ''''_ "". <10<.' ," ,, __ .t¥> 'Q ,,~,. ' ... 0<0<' 
•• ..,..'. " ....... _, '0 lICL~ , 

" .... '0' 

-COI.-LO' .. .... .., . 

r"", .......... _ .... __ om 

A-111 
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BUG I, 1<100.,1(1 InlO Ope,.l ion. The BUG 1II0.idel 
II>e liming 101' I". Dul IUff_ clrculUIN In ll>e I.,nl 
Il>el COtldlllons ... " anl I"" '"'''_ 01 1"" multi· 
m .. l., 1:>\11. I. bul atbOtet 10011 p . iO,Uy 10. I"IIgI>e' 
bus 11100:: .. 10 .......... 1, • .., inlO TI I lalli 
• "" ., pull'" lOw. e lc.. " SUCII I, l ite cne. II>e 
BREO RE SET DECOOER Inll1"" I bul IUf''''''''' .. 
quest T!"Ie DuS lu"endoor roque.t I. synchn>nl.l.., oy 1"­
IIII11 S BUS SY NC HRONlZA TION CIRCUITRY 10 1!"Ie IIIOC' 
... or clock . TM IIIM S BUS SYN CHRON IZ .... TIOtol C iR· 
CUITRY Inll,ucil lhe bus conl'OIII' iMe '!Ke cl'e."lry 
10 ma. , Inl I" .. I tId ... ets Ih' BREO SET ci,· 

I It III eluN Its 
s ynchronized by 1lIll><OClno. 

1. lnlUllly inll,UCllng 11><1 MULTI· 
BUS INTERF .... CE cl' cuilf)l 10 res~ 

111.1 • 10.... .~I" 1Ia' 
' 1 10 .Itl 
.... I . 

....... ing clfcultry 10 
ptlorlly bul mill.. .eq"""'tiflg 
RESET Wltol OOW cl.cultry prO-.ioo;Iu • "i~~,: .,,,.,,; 
11><1 arbiter , 11ow, II1e muill-mute, ')'Item bus to N .Uf· 
'enct..iJd ."., ....... as pan of tIM "',",5 bul_loor 
syncll"""utlon circuitry. 

INlM F .... MILY PROCESSO R TYPES .... NO 
SYSTEM CONFIGUR .... TIONS 

TM ,. I .. '''0 type. 01 processor. in 1M 8086 flmllV_ 
In I/O PfOC8l10 ' (11)8 8089 lOP! an<l a non·I/O PfOC"SO' 
(1M 8086 I"" 8086 CPU'I. Consequently. 11I1.e arl 1"0 
Wile ope'atlng mor:!e.ln Ille 8289 Bu. A'blte •. One, Ih, 
IDe (UO petlph"al bUI) mooe. pI,mlt. 11>1 p.oc, .. or K · 
ell. 10 bolh In I/O petiph-e," bu. o.nd I multi·ma.l .. 
.y" .... bul. TI>e ISCon<l. l hl RESB (, .. "'en\bul)_. 
PI,mlts I'" proc.,sor ' 0 communicale 0 ... ' bOlli' , .. I· 
oMnll:>\lllncl. mutli'mIS'8r .ystem 1:>\1 • . Even 11>Oug1l11 
i, inl_ed for , tie .,bller 10 De conligu'''' In llIIlOe 
moo. .. I>In Inlll1"'ing 10 ... I/O proct.sor a"" lor It 10 
De In 11>1 RESS _ wr- inll11aclng 10 a non·1/O proc· 
_..-, It II qulle pOIsibil lor the _e ..... 10 N ,rut. T ..... t 
II. I, Is _llbIe lor. non ·1/O procenor to 11.1 ... ",ceu 
to en I/O pel1pneral bus or lor an I/O p.oc .. oor ' 0 II, •• 
sccen to , ... ident bUI n well as Kee.S to • multi . 
mnll. I Vlllm Du •. TI>e lOB 11 ",p~ng OIItion COtI· 
flgu,es II>e 82S9 BUI Arblte' inlO Ihe lOB _ 'n<! 
AESB " .. ppl"" OIIllon configu,es it inlO Ihe 'nl<lenl 
bUI mor:!e. II t>olh '''IPping optionl ... st rIlPpe<fI,I ... 
• Ih lt(! mode 01 ope.llion is cre"e<!. tna "ngle bus 
mOdI, In .. hlch 1111 a,blte, Inl"'acn Ihe P'OC"oor 10 a 
multi..., .. ", syat"'" bul only. Wllh bolh opllon. Itrap-
podtr ..... 1M ... blter Inlll1ac81 Ihe proces ..... l0' mult~ 
m .. l ... Iyllim bu •. I , .. ", ... 1 bu. a"" an I/O Dul. 

To Dell .. u""",.I1"" the 8289 Bu, .... rblt .... Kh 01 \11. 
OI*"IIlng _S, alonQ .. itll tllli, re_li •• limlflg'. 
a .. ex"",,,,,, by ........ 01 e .. moIe •. The . Imp"" <;On­

UgUfltiot'l.. 11><1 Single e u. Con hg .... 11on. (boln 109 ,n<l 
RESe ",,,,,ped • ...:, ... ) will be conli""'" 11' 11, 10~ 

Io .. ed by Ihe UO bu. COntlg .... 11on ."" lhe Resident 
Bu. Conligu'ltlon. FIl\lllly. tltl. f ",.ntlon I. mlde 01 I 
cuntigu.llion 111.11 -'10 ... 1M proc ...... 10 1.11111"" to 
1_ mult l-mlSl" l)'Iltm bu .... Tllil "..,I<: ul..- con­
'lOuration I. _lIy m ... lIoned bIeIu ... .. .. 1I1 De ...... 
It I. oImply.n extensiOn o t I"" ,nldenlbu, eontig",. 
lion. Wh-en <l iflCunlflg ,"" Sing" BUI Con llOufllion. 
proc .. sor/arbite, ... ~t .. /syll .... bu • ..,., Inlemll .... 
bIle'. con.lde,aliona .11 m_ .. lulling In • tlbte lilal i,· 
" .. lrl1n O_hH<I In 'eq ..... tlng I'" Iy""" 1:>\11 . ..... Ihi. 
Ipplles 10 lhe othe , 8289 eon flgu"l lonl. only I<111llIonl1 
con.ide,al lon . .. III De given . A l u mmary o f .. han 10 use 
Ihe <liU".nt configu,alions II gl .. n It Ihe e nd. 

8289 Sl tolGLE BUS ItolTERf .... CE 

Figu •• 7 .ho .. s a bloc~ <l119'lm ol. bul mast •• which 
""I 10 inle rlace only 10 •• yl1"'" OU' - IIIlle,ably 11M 
,", ULTIBUS - w .... ,. 11>e<l ull" more lhan one b,," 
/\"WI"". In l'It, conli-g""tionl, 11 .. ,II N lho .. n _1M 
ProceslOf can be meoe to inl.,I", ... lIh more 11, ... 0"" 
bul. Since lhe Pfoc ...... 11M only 10 Int"t"" .. illl one 
bul, lhil conligu.alion II Cllied .. s.ng .. •·. 

c:onn.c"ng 11>1 8289 Bu . .... <bi l .. 10 11>1 PfOCllsor I, as 
, Impl, as it .. as 10 connect I"" 82Il8 Bu. ConI.oIl .... 
NllIMly. 111<1 Ih.ee IIlIus llnel. §5. !1. ano ~ are 
<lirtclly connecled from 1111 proceloor 10 11>8 a'~te' . 
Troe clOCk li ne I,o m tMe &2a. CJOC~ Gene'ator I, b'oughl 
<lo .. n an<! connected. (Note Inll bolh lMe 82l1li Bus Con· 
ltolle, and Ihe 8289 e~, .... 'blte' Ire connKted 10 lhe 
ume c lOCk. CLIO: an<l nollh. petlpllifal clock. PClt( •• 
I ... 8066 proc;e"o'.l F,om 1M .,Olter. AUl is con· 
nlcl"" 10 Ihe I>ul COntrail ... I "" 10 II>e ClOCk genetalor. 
The lOB p in on 1M a,biter Is Ilt~ high and on 11>8 
conltollet Ille lOB pIn II .trapped 10 ... In lddillor1 . till 
REse pin on 11>1 albllt' 1. "'~Pt<I low. 111\18111119 1M 
procnSOf intel1ace. 

Sc>mI Ue~ibi lily .~ lslS .. illl ItII MUlTIBUS or multI­
mastet . yslem _Inlerface. f M.ysl .... <lesigne' mu~1 
liftl <lscicle upon lt11 type o f ptlorIly '_-';119 flCl>erne 
10 be Imployed. ", M Iller il .. 10 be 1M Mri.I. p ... I"'I. 0.­
,Ql.ling Pfiorily acl>eml. A ral.li"" p.lOti ly scnerne 
would De .... ploY'<' .. h .... II>e Iy"em r;tellgnlf _ 1<1 
..ani 10 gua.antee Ihll ... ..,. bu. mill" on tM bus 
would be gi.en lime on thl bul. ln III, .. , 1111"" pa,alle l 
.e"""". the po .. ibill lV .. 1"1 11111 II>e 10 .... 1 .. ,ign"" 
prlorll y bus master may nOI lICQulre IIIe 1Ju. fo ' long 
pe,lods 01 lime. TI,I, oe<:u," blCI U .. p,Io,lty I. pe"na· 
nenl ly a •• ignea a nd II b u. dlltnl"" II lIigh by 1M h ighe ' 
... igned Pfiorillea. lhen 111. low" p.lo,ltlel mull " l it. 
In most ca."",. Ihl •• lluatlon II accepllble because lhe 
h lgl>esl p. iorily I .... igned 10 I"" OUI mul .. 11181 Can-
nol "lit li ig ..... 1 Pfiorlty I, ulually a1llgfll<i 10 OMA 
lyPl Oe-IIces .. ne .. S"";CI 'eQulremenll OCCU, In 'eal 
time. CPUI ..... i-g...., " " IOWIf p.lorit ies. f or the 
PUtpOH 01 1111, <lisc .... ion. 11>1 0-,,,111 priority SCIletne 
.. WI be use<! w ltll tIt"f " I .. enel 101M uriat priOrily 
.cheme. 
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Figure 8 .no"'s no",. Iy~cal munl.~'o<: ... lng .yllem 
mlgnl be ~onflgu " d wlln lIIe 82811 In Ine Slngla BUI 
mod • . In Ine syslem llIe,. I"~ In," 01,1. mut.", .. en 
1'IIvI"O In .... I"Mod PI1or1ly .1 If>(flcaled-ptlority 1 
being IIIe l'IiOIleS!'no prlotf ty 3 being lne lowest Pr\of. 
fty II a11lO1l11l<lO ullng tile p.,.lltl ~riorllJ sdI ..... 
(Igno" In, dotted .lo""l lnl",ccnnKI 10' lhe moment), 
e,en bus .,blte , monlto" It. II.OCI.ted p,o<: .. _ .nd 
Illutl 1 bu. 'equ .. t (BREa) wilen ..... iISS~L%llIor 
w.nll tile 01,11. " ~ommon clocking 11",..11 runl 
to Hen 01 lilt II'OfIl" In tn, Iyltem, n II I,om lilt 1111· 

" .. 

ed"a of tnil cloclt 11'111 III bu. ,.q,,"II.:':"~I"'Ued ' 
III t .It -: clock 

prlor lly 
Not. , 

"~ , 
,nQugn In I 
" Iu p tl mt 'equl,eme nl •. Sine, , , , , 

Once tna bul I . I 2 ,,;U" "I Itl 
gOt"" lOw erl'Ktly .... t:>Itl lilt 828:1 _" .. !.otc,,"_ 

-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I + _____ J 

.. "". up 11"11 82U Bu. Cont,oIl ... Trw bul COO"1IR11I" 
a,..I>,. tna 8287 1IInlclloe,. . ... ltl until In, lIderre" 10 
~ommlfld .. tu~ lime nas ONn ,,"I;)il lnld, .f>(f Iht" 
a,..l>" It. c;ommtnd d,I ... ,. onlo tn. bu •. 

II In. .. ril l prio" ty 'esolvlng ..- ..... ultC! InIlNd. 
mucn of Ine '''1'111 tntl hlp~tntd 10' tilt p",I I,1 11'10'. 
I I I 01 cou, .. , 

lI'IOdul •. ,,.,. 

, " 
" I tn .... XI I 

Tn, BREO line . .. Ould be d llconlllCled , rod In., I 
1fIC0000-<lKOdtf . TNI 
menl II Ilm~1tt I 

''''' In, Itle 

"" . pecll ild 
arbl'", to·- C• ; •• 
,rbUt" thlt c,n 
conflg .... tlon can be cIttt.rmjned lrom tI'\e 
equtllon: 

, 

BeCk pe' iod J: TBlPOH + TPNPQ (N - 1) + TPNBl 

.. lit" N .. _ 01 .,1>11,. In .yI, .... 
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i·· .. ~J \ ......... 
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· .. COOI .... """0"'' "'.""'",0 

g.,.. I 
IIlgn. e ... n lnough 
momenl.'ilt~ Tile 10" 01 

, , 

• h,O_ prlO"ly arblt ... .. ani. I 
,elease Ihe bus as IOOfI .. il 
dOn.. ..bite, 2 clnn,,' , , 

.. ,. hll 
b0111 IOWI, 

, 

" ,~ 

, 

, 

Ig.,.. i 
bUI bUI been t<::~ulre<! . will nOI 
rOfC41 ,ROllIer .. bH ... !O ,,~ .... lhe bus .ny _. II 
lull p" .. nte Ine buS !tom being gl ..... ' WIY no m.u ... 
whet In. prIotl! y or the Olne' amlter, Anolhe, I.c!ot 10 
be eonllde'e<! Ie where In Ille tr..",le, cycle i. 111 1 proc· 
"'Of whe n ,he .rbite, I. ins!ruC1ed 10 gi .. up lile bu •. 
ObYloully. It I". eye" IIacI lUll lI.tled. it .,itt I.~e 
longer ' Of !lIe bI<. 10 be 'eleased t""n il IIIe eye" was 
Jull endI ng . AnOlhe, lactor 10 be Inctude<! In tn lo con· 
. id .... ' ion Is , he pl\ol" "~li O<l.lIlp 01 the procnsOf', 
clock (eLK) 10 tne bu. clock (OCLK). Thl. rel.llonon ip I, 
• • amlned in more de'alll".r on . Table 1 II." ,1141 Ii"", 



I 

'Our,ltkln .rId bu ... t .... lund... v.d OU .. , 
elreumltanc.,) 1&~lng wo KCO<int 1~'~. '''''IIon· 
IlIlpl belWNn eLK ."" seCK 

a'.'UI_aRtO' 

-.~ 
, 

- +, 

............... ,-" 
CUI 1_'" 0.._ 

."" 111m, ""<un ,II!DI """"'" -.. -">\1 .. .- ...... 0001 

_ R. J . ~""0'1 _ 

-+. 

"', 

" " 

, 
, 

, 

the .. bll" , , 
, 

• .... In I,.. 
,~ 

t tn. 1 

II t........a as. II/nelieh o r 
arb il .. r.qUHllng In. bUI 
~~'Y Irblt .. will pull 

E.en • nlgtler priority at· 
'I iTlcqui.'. Ih' Du • . Norl, 

"Wet will ICQlllre In. 
01 prlo~!I .. - II being 

~' ... nlly on the bUI 
lh •• rbiltfln" 

IC .... ct , 
,,-

.~~~~~~~ 10 th' low .. arbIt .. ... ....... Ung the ~ I. tIM case ahown In FlO ..... t . 
WMr ... II ........ um ... tl'lll'I'I<I proper 1",,"'O,r CO!\­
Oilloni did nOI •• r"I", .rtlil .. 2 ....... It n.., tile 11<11, It 
I, ... _ 'Il10' the prol*' coRd lllon. 00 ,.11' elurlng 
In, 11 .... 11111 .. bl' ", ""., .... bUI. Arbi!.,. 2 had 10 g~. 
up lh' bUI ~u ... n ,rblter ol lllgn .. prtority"u " . 

It . A,bller T 11I,,"nO'" till but ~u .. tnl 

, '" ,nown In 
, . Thr, I, not en un, .. 1I1I1e conOllion. HO"TIl.IIy, 

" " 
for. moment, 'he 8281 a~1 "rbll" WI";,"OO~.' 
surr .. nd" Ih' bu. ("C'pl WMO Ih' • 

II " ..... ull . IIII .. ,Oo. l 
Ih,bu.. II 
10' .. eh • ontl and Ih .. n 
BAE~ I would ' loCIulr.,nl l 

De dropped (go high)'!!" .. e" t'lo,'" cyell SO 

thll 1111 did need 10 dO InOIIl .. l ran.'", cycl ... ,nOlh", 
"~!e< would lulomallc,lI y DI ""gnld p,lQrlly. Thl, 
lp;:>rotCn. IIow ..... ,nt,.;l, C'rI,ln cw.mNd. Commtnd 
10 ,ddres, telup ,na I>oId II"" mUIiDl pren.eo ,na 'I)­
pendld 10 .. eh I''''''tt cycle. E"h uanll., q<;1, 
wauld be cl\ar""ttlltO t)y II." toCQulri"1l 11'>1 bus, ltIen 
.. lIblllhlng !he "'up U"" 'l<Iulrtm.nlt, llnally per. 
lorml"1l lhe Ir&n.ltt cycl • . ,,'lI>lIlhlng 11'>1_ 1_ .. 
q~h'fI'IInl • • ,na Il'>In ", .. Ilng ll'>l btl. (_ Figure 10), 
II lnotl'>l, t"nl'" eyelt w., 10 IJIVI'IIodltlt ly 1~low.nd 
II tne artIlle, "ill hloCl p'lorily. tnen tnt .. 1\01" .IXI." pro­
etd~" would DI rtPtIiId. TI'>I tno "luI! would DI 
WI.led lime IS hOld Um .. loll owing "Iup 11m .. "" 
Flg~" 10" ). TM ,pp,,,.ch I'ktn by Ih' 8289 Bu. "rDlte, 
01 ",.'ng Ie De lorctd olt thl b~' .... n .. hln It II not 
ullng the bus (i ..... lorced oTt by "OWI' prlo.lty arDiter). 
pro.kI .. lor 1I",'tr bUI .tHClency. " lOW" p.IOfity If· 
bite' "I.ing to lorel oll,nOII'>l, ,rblt" Ih'll, not u"nll 
th' ou' out jull IIlnlllng on 10 it. m.y nCII .. m •• ry . lIi· 
cl.nt. In ",tu"ity II I, • gOOd IJldt-OlI. In many mulll· 
ITIQler sy.l.ml .ome 0.., ""'"tt' Q<;Clllon,lIy dI­
m,nd 11'>1 bul . .. hilt 011'>1" cNmanclll'>I bUI cont,anlly . 
TM bul mlll • • which conllanlly a.mtndlll'>l 0 .. may 
mo""nlamy need nol 10 teCl.I 11'>1 bul. Why Il'Iould 
th,1 IrDittt IU''-'" 11M bUt wl'>ln ehltle ..... tnll 1M 
Other bu. m .. ' .... whlCII occ.ItJont,! ly ICC ... 1M cua 
don't w.nl It II tnt IImt1 II It dottn' III'''' UP tnt bU. , 
Ih,n It can "'_'im y t .... ICC ... 10 the but and 
tntn coniinul. wlthOul Iny perlormanCll*\llty of " .... 
Ing to ",,"~I." conlrol ollnt bu • . TM g ... ler but If· 
Uel.ncy thtl It ,tlord, It wtll wQ.tn tht '''dtd compl ... ,· 
'Y (Flllu ,e lOB). 

,. , 

n,YI"1I 
higl'>l.1 

-" ' 3 I, I 

Ind wlnlll\ll,h, bus. Ie· 
. 11 .. 011" I dec l.,.. 

"K4Iu l •• til_ bII, '''roug'' 
. Till. It not In. ClM , 
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OUI tor .rbl1 .. 2 no .. lore.s 
bile, 3, When tn. 
bit" 2 , ....... it. 
bUs' 3. the !WI GIl clod...so- P .. 1 

0''''' ...tKt., .... " .. 'r.. 
l1(li(111'111 ciAO low), 

Iinacll.,). Tnl. woukl h ..... 01.., bHn 
2 .c<lulred Iha bUI and ",.aMel It . 
dldn" ... nl Ihe bul. 

In ,/lot Sir>g'- 1"'.00<:1 • • he arbi, .. monlt"'l the proc· 
•• ..."... IUotu. '",-1, ... hieh ar. ac'i".'ed ",_ .al 1M 

IM,'orml I Ua"Sre, c~cl •. The .,bn ... on 
tile ""UI lines I/Oing &ell ..... .. ;11 l .. uI • 

• '.'UIII not the HA LT 11.,us. 1111'18 proc­
"_ its ..... tn, HALT ""us. tne art>il" ",III nol .. 
Quest tile OUI. _ II II "'" ,IIot bu., will ",,_ n. 

11'1," .fleet'"",y cOl'ICluaes I'Iow 'f~ t ... ;nl .. lcl to one 
ano,,,,,, on Ine 00 •. H •• lng .... mlnl<l the ProcUI O..to­
.rbiltt Inl,rl,ce, ,1'1(1 .rt>il.r·to-MUl TlBUS (artllllHo­
,,!)iter) ,nl,racHon, _ In t..-t_ I, I,tt, tne Inl.,,,,) 
Int .. ,.,;, of _ •• o ... e\l.t.... 1111"'" to lh" 01 
MUL Tl BlJS..ellll<1 ~gn ••. 

An Imporl.nt .,o;nl to remember II tn't ,n, P'OCUIlO< 
hal III own clock (ClIQ .no Inl mulll·maSlft. sySlem 
bu. hu II. own (BclR!. noe"" Iwo clocks." ...... lIy 
OU I a t po/I.Ise and ot ,h"", ... 1 frlquen<:II •. Thul. U"'''· 
biI" ....... 1 I ync"'onlu event. accufTing on ...... In te.· 
t_ 10 """. occurring on ..-.011>&1" InlertlCl. """ • 
• uull ot tnls ~k t1>d tOfln synCh,oniuotion .• mblgu ity 
CIII .,1 ... 1 to .. hln , •• nts ICtu.lly 00 I.k, pl,c •. 

Very limply, the 82i!151 arbile, _.tlon can be .~,. 
.... Ied U Iwo .. tntl. requealing _ ...,,.._In~ 

Flgu~ 11 II . ,"pr"enlltion ot tl"l<l timing relllionll"lipS 
In"lOl..a. The '"",IIUI input is • tunction 01 tl"l<l P<OC' 
ISsor"l Cloc k ,net In, ou,,..noe< Input io • luncllon 01 
.. llh., the!)ul clock Of tl"l<l PfOC"WI clOCk. To rique" 

l1"1<1blll.U·" , 
III.n tn.bles I 
pnu. ,..I.t ion,nlp , 

, 

--~ .»u"""" Ihll 
lhll II" bus II it 

, 

lin" ..-n~n In , ", 
...... 10 1..-0 

.... Iion-

'lIQ"'st on lhe l irst 

Not, 
term 'Of 
~~PI 

inpUI 
During bus ~uisition. till IU' .. ""'" 
(SUR NOR 0 . 10"'1 _ A!R tallow. 

Oroc .. ll>e Dul II .cQuired. tl"l<l "U"end" clrcullry is 
_DiIO 10 thll when ... lid IU"end ... con<Iltion 1115ts. 
tl"l<l bule,"" be 1 .. "'_. The .... " ...... el. cullry I Y ... 
enronl .... 11"1<1 " ..... ,..-.a ... 'equ .. 1 10 11"1<1 prOCessor'S 
ClOC k Ind drl,," SURNOR low. Like In, . CQullltion cir· 
cultry. it like. from on, to two prOCtlSOf clocu tog,'" 
... " SUR NOR Inc! d_OOo upon 1111 phue relation­
.hlp bI1wMft 11"1<1 ...... ...,.,... "<1 ... 11111(11'" p~"""" 
clock. 

., ... ,_ .... _ , "".._. "lOg, _ lI0I.1I . ... _"'II I ... 
.... __ .... ___ 10 _ ...... · My .......... 
_~oo .. ___ ... c' ___ .. Ii!iJi:" .. _ 
..... • "i" ,,_, .. PO " , . " ... ' , ___ ... IJIO, n .... 
c ..... " .... .. ,. ~" .. __ ... MO' ..... '» _ .. __ 
_ '0 BRa> " ' .. ,, .. .... no ,~_ l_ ~ 8 "'" ""'""""." "'" 
•• '" ,..<>1 .. ;'''''. ' .. _'"'" ., IfOOl " ........ ~ ..... "'O .... ' •• n 
or", CO,... __ .. "'" ... _ """ 

J "''''X '-'"X-"X , .... " ... X ''''''''X x 'C -
•• " .. ,,~ .. .,. ". "'_, 0< .. _ ' . """c" ..... " ." ,_, ... .... • ""_ ......... , '<0 ...... _ c . ..... _" .... " .. ,OZ' .. «co 10 " .. __ • , ... _. _ .......... . _ . .... . 

' ... - -'"'0 ....... .,.""'. ___ '. ' ...... ". ___ ... _ ... 00' ...... ' .... __ .. <><0 • 
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aREa 1>1 
m lntll w .... " .. _ ', clock 10 sgroI" SUluteR. SUIlNDR is lhen 

,ynclllonized 10 to ' ... , I'" BUSY a nd BRa fl lD­
r~. When BUSY·Q goes low, I'" 111,,_10< cllOl/;"'1 i . 
,u.1 w~;cn ,n tu m re-enablu tile 'lIQue, t Input . Tn, 11m· 
Ing In Flgu •• 13 lhowl Ihe IlIrr,nde, 'eQlleol I"~\/t 
going high on Ine tIlli ng ,dgl 01 Ihe clock. It the SImp', 
IIlp·IIO(1 wu aDI" 10 calcn 11'1, I I/"Indt , '&qu ... ' "" In, 
ItClge 01 clOCk 1, lhl" SURN OR would be gene','1d (go 
10 ... "" cloc k edQe 2. II nell . SURNDR wOUld be g." .... 
lied on clock IIdgo& l. SU AN OR 1/01"111010 on clod 0Id0<t 
2 ... " , be, tor ease 01 dill(:union. t., .... e<! 10,S SURNOR 
... .., SURNDR goi<>g _ on " IocI<.og. 3 IOriII be .. I ... 
,«1 10 as SURNOR b . .... Cln be .....,., from Fogu', 13. 
SUANDR • ius1 I'IIoppent 10 00 lOw on ~ itQO& 2. 
Sln"e SURNOR i. u.'" to reHI 1"- BRa flip.HOpI, 

1OOtI1I1OI Rex l 

SURN OA :';::T<;:~~~] wOUld IHow t h 
e! . AI the 01ne< f 

bYs ,eQ uest 10 oceUI .1 

10 occur It 
oliows Ina urlln , 

., 

..... _. "OUU' __ _ 

01 BcCk, lne 

• • , 

• 

h b le I s umma, i,ell'" MI.,lmu m an<l minimum del_YI 
for bu~ '''<IueSI. onee I". I)'GOer 'e<)UHI 1 "<1 I U"_eo­
CQn(I II""'S e d st l aole 2 1111, 11141 "''''''''' IU.,.n(Ie. con· 
<I""", • . 

, 

.­
~" 
~ 

• , 

• 

.... .. , ' <;. ,." 

"4I.T '''''.'''' .. . _ . 11,<;1,.0 

"' , T , .. " . .,..01 . ....... '''G8R~O, 
'10 eoo-.".,·CItRO 
... , T ..... , "' .. Of aPRN. ".CQ~~O, 
ISYSllI"lSh o.·CHOO 

... " ..... , .... .. " ...... , ,,·c ... ~O, 
1II1'S1i<t£S. · .. c ..... o , 
I'OC _ .. . .... c...a __ ~ 

, , 

, 
" 

"''--_'-''-' --L-/' ----'-1_, ---,z, 
.; ·1 '/ 

___ ----',/'--_,,1'---1,,1 
... 1 

. ' , . , , OJ , , ... _ .... _------"---
, 

.. __ " ... ,_G .......... ..",.. ..... _ .......... 
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IOIlI NTEA FACE 

NOW '''''I tile _8101 .. ,1»,,,, .1011 .... '.,.m OUt ,rod 
1111111'1" ,,1)11., timings M-.e been <l1..,,,,Hd, 11 I, ~ 
PlOPf'''' 10 conalde< tile 01_ Inle,'",., ,"", II'1e t289 
au. Ari>Ot .. ptOrid ••. 

In ''''' lOB moat. It. PfOCHSOf communICates tl'd con· 
tf041 • "".1 01 J>8riphe<I" 00 .. t~. peripher.' bY" ~ 
IIIe I/O p,oc;eaao< ""," 10 communiCloI' willi .y.lem 
.... """Y, It I, 00<1. 10 OW .. Hit . yltlm _1TIOf'/ D .... , Fig. 
ur, \~ snow •• pos.,bl. 110 II'OC:"'OI .y,l,m COIl­
IIgur.lIon, .,lIl1zlng 1M 80Bg ~O proc: .. ,(), In II. 
REMOTE modi. A"'de nl memory • • 1,1. on tnl ptt'I>"' 
... , bUI In 0,,,,. tl\al C&MeQ 110 roullne& alld IJ<lUer 
1I00Igi Cln c.. ",(Wide<!. Aetid. nt memory I, "u'ea., 
In UO perlpner.1. When. p" 'pn, .. , ., .... 1<:. n"", •• ,. 
. Iclng, IIIe 110 proo ... "" acCesUI , •• ldlntlMmory fC)r 
t ile _If 110 dri_ fOUline and ..... de .. , .... ""'eto, 
uln,mllllng or IH)ring penp".", Gal. In D<lU., Itorage 
.... of '"kHnt .........,.,_ 11'140 ,u'dlnt 11'1.....0<) •• 1N1t" 
'IOtlge .' .. COUld tile<! be Impl Ied 01 ,,~nl.h.o Irom .Y.' ......... .......,. .. a tile tyttem but. Utlnll tile 108Int .. · 
I,.;:, allOWI an I/O processor IIIe C&p.obllUy of u eeutlng 
I,om local .... m<If'I (on the petlpheral bUI) contunlnUy 
.. llh lhe ""II procnlOf. 

Timing In Ihl' moat I, no d ln .. ""t I,om timing In lhe 
SI NGLE BUS mode. TIwI only d in .... nee Ii" In lhe ,. 
Qu,,1 Ind , .... , n08' conditions. TMI!bller extlndlille 
. 'nll" bUI moae conditions to Q",,'lIy .. lien t~e syslem 
bUll. requesll<l Ind .<1d1 on addit ion.1 l u"'nde r con· 
dltlons. Tne . yllem bu. i. onty "QUilted during I yl' 
lem bUI commendS (the a.biter de<;O:;le. the p.oc,nor·, 
11,lu, 11 ... 1) 'nd. In addition to 1M otller ,u"I""'lr 

_. 

_._- »----

:'.._}- -­. ~-

-••• 

• 
r 

• .. 
... 

. ' 

-­,.w. -, . 
••• 

1'''''". trot .. bit .. PI,mlt. Iunendlf 10 oceu. du"ng 110 
bualO< Ioeall)ul) oomman.:u, """an lhe I/O P'OClHOI ;S 
ulolng lit o wn local M . 

Llka Ihe arbIler. IIIe bu. conlroll .. m Ult liso 0. I ... 
IOfmed 01 tlle..- il l. O!*.tlnllin. In Ihe 108 mode. 
lIIe 8288 bill .;o<>lroll .. I ...... I/O bu. oom .... nd. if>. 
(lependenliy 01 tile .I,t. or m from l ne '!biter. It is 
I"umed that all I/O but Commandl , .. ;nl,nded lor tile 
I/O bu. Ind lienee ther.i ••• ept •• " 110 comm.no bu • 
t,om the controll,r. All I/O bul eomm.nds .. I "nt 
di .. cUy 10 thl IJO bUI .no I re not Inll .... ncood Dy m. 
SySlem bUI commandS ... ISlumed " going 101M 
Iylllm bUI . Sinel .ylt.." bUI commtndl a .. dlrectood 
ID the sy. lem bu •. lney mUlt 11111 bllnfiu.ne&d by m 
and 1M ~rbltratlOf1 mechenllm p.o.ldl<! by tile 8289. 

AI an :.'~ '~.~~~~.:,~? '~~ cornmand. generat .. 

'0' 
....... lhe I/O bul" d.l. 

DEN I I 

" 

110 _ .... , 

sYltem 
comrnancla. 

r I I POui· 
bl, tOf botn Htl 01 to be 0<". the reby 
.voiding conlentlon bel ...... tnt two •• 11. S lne. lhe I/O 
bus commandS . re gener,teet 1n<llpendenll~ "t :t:riii In 
Ine lOB mCKle. In. 110 DUI hll no deity .IIeelt due 10 
In, a(~lte<_ Oorlng this tim. ,n .. hlch the p.ocessor Is 
accessing mem"f)' Ih. "bit ... It It ,Irudy hn Ihl bu., 
will petmit It 10 be SUffendlfl<l 10 ,itlle, a higher or 
lower pr;o,il~ indepel1dentl1 of whe'l Int proce ..... is in 

=~-----~-.-.--.-

:=====~. --_ ... )-­, . 

~=====~-"-" .. "'" . . -­• .. 

• . ,. 
• 
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lIS UI".' . ,),<,1, (I .•. , 1_",nell"! 01 11'11 _chine 
'''ttl,' 11th "~I'" ~I nOI .',eady ~ ••• 1M ~u •. It 
wi ll m.~. nO ,UDfl to lequire 11'1. bus. 

11 ,lie' p,oc.uorl.,,,,, •• ",.mOl)' command Inl 1"", lhe 
N"...II ol_nl, take place, ",c~t 11'1&11)' .... ,ptem 
bu,', <lI1' uanKei-. .,. .... bled iftlllMd 01 'Ile 
peI';p~.,." bu'", oat. ,,..neel"'-'., """ 2) ...... n t .. 
comm8J10 I, ' .. ued dt_al UPO" In. S'"tt 01 , .... If· 
oit , r, In ootn cues 01 110 but command, ,rid . y.tem 
Out Commf,ndl, the &dd'l .. lI.n .... t.d 10' Ih" cC>fl'l­
mind ,. a..'cl'led In to bOth •• ,. Of I"",en '"Iellft, 11_ 
'yslem O ... ·'..,.,'"II.tcnet. end 11\41 perlpll ..... but ', 
• .,., .... I'tcn ... For udI CO .. ", .. "" ,reg."II ... 01 c ...... 
""'nd 1)1)1). In .oar,,, I, p,,' out on the 110 bUI.,..;I on 
lhe system oUl lt the "biter hu tnt buI.t Inlt plrtleu­
I" II ...... I-I ow ••••• the bUI COntrOlle, only 1.,ulI. com­
mind 10 OM 01 In. OUai •• tId nlnC ... r>O III ,IIKI' 'f' 
.uU ... .cI by IIOdr ... ing tIOIh bu .... 

It the .lblt., "'Nody I\fIs tile 1,lt.m bua 10"'" I IY",m 
tlu. ~omm.nd I, 1 .. ....:1. 1\0 <M1.y. due to t ile .. tilt .. win 
til no,k:fiI t>y IIIe p,ocessor. II !h, .l'1)Il"r _,n', h . .. 
the I>ul Ind m~'1 Icqul" It , In.n 11>, p,oc"l0< will be 
<M1.yfil (vi. l11e '~I,m tlu, Cl>mm,r.d being dll.yed t>y 
tile !)ul CO'l1rolle' Ih'OIIgh m f,om the "bit.., unHI 
tlMO .,1;111., 1\fI, Kqu l,ea ,/'101 !)u • . The .<tIlte' will I/'Ioln perm.' 1"- !)us controll., 10 I .. ue th' eommoond and llIe 
lt1nltl' Cy1:1e <:O"lin",", 

RES! INTERFACE 

T/'Iol non.lIO lNocessor. In lhe 11088 r.mlly eln eommun~ 
CIII wltn DOtn ... tldenl !)us end • mulll ...... , .. Iyalem 
bu. Two b .... controllers 100111<1 be needed In .1ICft. co,.. 
ligu .. "on .. lhown In Figure t!, In .uch. Iyll"" con· 
1I0u''' 'on 'h' p,oceSlo, would hi .. to leeeu 10 
memory .nd periPheralS 01 DOln bu,,", Add, ... mlp' 

lecMIQuel e.n I I !)u,I.lo 

, .. 00') 
IoriO 

II 1110 be acc .. sed .II . lao 
,n.bl.. ,bul con· 
tro4le ... 

In luch. IYII,m con llgu'ltlon. 1\ I. pOlllelto 10 lasu. 
boln"..,..,.,...nd UO CO_110 '"n .. !)u'...., II. 
tHUn, tWO bUI ~onlrollltf1l ... _8<1. """ 100.ar;II but. 
Since tna eonl,ott ... l\fI.e10 I ..... bolh ..... mory.nd 1/0 
eommall(1110 lhel' ,upacll., CU .... , 'l'HIlOa Optlonl on 
tne controll'" ... SltlpPld art (lOB I. lOW!, Thl ". 
bltar. too. h .. 10 til In formltd 01 lhe 'Y"lm contlou'" 
lion In or<M, 10 raopOnCl appropriately 10 ,yll.." 1"9\111 
Ind 1'11& III RES! OOtion ""091<1 on (RES8 1' high!. The 
.. blllr'1 108 option I, ",--' 1....::1IY1 (iI5IIl, high). 
Sirapplr>g Inl ,,1)011' InlO l11e ,eak1enl lKra rnoIIe 
In.tllto. V'I "CII .. 10 .. ,pond 10 the .,.tl 01 II"!e 
SYS8IAESI Input. Oe?Indlng upon l~e ltatl 01 I~II In· 
put. Ihl "bll" ,Ilher 'aqu''' a .nd IoCQul .. l ll\a .y".m 
bu. or ",,,nu, 1M .un_lng 01 In., bul. 

. u-_ .... __ ........ , .. , ."11 __ "'_ .... 
_ ....... ____ ... «WIWfIOfIO _, ... __ 

...... ' .... "''' _ "' ........... """ _ ......... I ....... 

In lhe ')'S'.." lhOwn In Flgu,. 15. "..,..,.,.. rnappir>g 
tecnnlQu .. I ... ppilld on In, ''''<Mnt but aide 01 II\a 
,,"Im ,,'he, lI>In on 11>1 mul!lproc ... o, or Iy,t.." 
but "d •. ", m.n!lolled .. "ie, In In, lOB Inter/loCI. bOln 
"" 01 .rId'N' '''en .. (Inl , .. IdIM Cu,', .od, .. , 
III en .. and '/'101 tyll .... CUI', .od .... IIlehll! ... 
IlIe_ wlln !t:. ""'. add ... ,; In 11>1, CIII. by 11>11. 
,upacli¥llKrl conlrol"".· TI'oI 'r-llm bu,', .od .. 11 
IlIch ... how ........ m.y 01 m.y nOi bI ... 1bl1d de pand lr>g 
ut)On 1~1.I.t. 01 IIIe 1<tIII.r, Tnl ''''<!Int Cu,', .rId .... 
IlIel>l' II •• Iw ,y, .n.blld. l'HInee lhe .dd .... mapplno 
lechnlQU4I I, "",p llad 10 lh •••• ,<Mnl bUI, 

AOd'tll rnapp lr>g lecnn-lqu •• e.n .ang. In compl,. lty 
I,om • lingle bil 01 Iha lOcI .. aa 1Kr' (uluell, 1M merll 
. Ignlllc.nt bit 01 tile .ckI .... ~ loa decOder. 10, PROM. 
Thl mOra Ilaborll' m.~plng lecMIQua •• UC~ as PRO M. 
P,ooldal •• gmanl m.wlng, .~.tem l lexlbliity. Ind "'Y 
m.pplng mOdlllelllon t (,lmOly mike a nlW PROM~ 

In ":IUII _"Iion. boll> bu. ~on,rotle .. rupOIld 10 tile 
p,ocusor', ot.tUI linea Ind bOlh will "mullanIOU"Y 
I ....... n .dd,ea. IliCh "'Obi (" "E) 10 tl\al' ... ""cll., 
add, .. , I.tc"' • . 80lh 1Kr. con troll", will I""ue com· 
m.nd.no control "gn.l. unl ... Inhibited. TM pUrpoll 
or,I'oI -'<I" .. mappir>g dn:ui,1')" '- 10 Inltillil one 01 tI\a 
bu' control Ie" beror. contention 01 .. ronaou' COlI'> 
manda eln oceu'. Thl IIInleliYl" ....... bled oil Il'H1 
....... clock edg. Inl command. It, I .. ued. na ..... ,y.1 
01 T2 (Flgu ,. 16). The add" .. I, , ',_d Into In, ad· 
d'''' IItCIIe. b~ ALE, ALE I •• cll •• 'fiI II .oon II ,lie 
INOCI .. OI issu ... ""III • • nd I, , .. mlnalad on 002 01 01 
n , F,om Wf"oIn ALE I, '-IUIC1. plu. ,n. Pt09*Ol11on 
CIII.,ol 11'01 add .... I.,elre •. dllem:I",. wt>trelhe lid· 
d" .. I, •• lId. TM 11m. from wnlen ,M add'''111 "alld 
10 whIt. eonlrot Ind comm.nd ... e I .. ued delOfmln .. 
Mw muc~ lIullng lIml II 1 •• II.bl, lor lh' Idd" .. m:apo 
1I1r>g e l'eullty. Th. mlPplrog clrcull,y musl Inhibit ("II 
CEN) on, or lhe IKrI controllers prlor'O wlle'a eon"ols 
end command, ... I .. ued. Part 01 1M IIW ir>g Ume 
(," Flgu" 16! I.~ontumeda •• IIlupllma'lQul'em,nl 
to Ih' bu. ~ontrolll", As It turns 0111. CEN (eommlnd 
.natlle) can tie dllQu,llIlea II I". II on lhe 1IIIIng ,d", 
or clock (Ih' leading edg. 01 " 01 T2) wllnoul tea, or tn. 
CUI controlls, 1"~lng .ny comm.no. or tr.n.eel .. " 
contrOl I I_I,. In • .,.1 ...... (8 MHrj """'" leu 11m, I, 
, •• Ilebl. rOi the eao",. mapping ~lrcull".l he add",. 
laICIIe. Can be t>yPOO,IId . hooking 1/'101 "'IoPPlno Circuitry 
"'light onlO lhe _nor'. mumple.ed IrId,eall<llll 
CUllin, toe" C~') .nd u.'nO ALE '0 .',_'M mapping 
ClfC Ulll')". This would .. old In, prop.g.llon del.y time 01 
lh' I"nseel_,. 91.1<11. Medlng 10 InnlClt ona ollh' 
IKrI controilers.'IIe Ifbll" ntId,'O bl lnlOimed 01 Ih' 
add, .. , m.pplr>g cJrculll')"" ae<;1,ton. OIpanctlr>g upon 
,"', decl,ion. tile el'1)llar ecoult11 Of parml1l Il'HI ""'" 
or 111' 1)'1511m 1Kr • . 

• •• _ .,._ " 41" '" I0Il '" I0Il ..... 50\ H H 50 __ .. _ .... -.-.... __ .. _ .. _-"" ... -
_-., .. I0Il_I0Il_, __ 10. __ ... _ 

"' .. __ ... _ = ........... er '*"11 "'" _._ .... 
"'""*'I "'_, _I0Il .. .,. ....... _10 ___ _ 

.t ... " ""'''''' Ioooin;l ............... "'" .. """, ..... ,"om .... 
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, .. 
, CEN i 

th' r&l ld&nl bUI con· 
commends end control 

IhOll' of 

, " 
InfOfmed 

rn ident bUI, I 
rendere<!. GlltChing I 
pul 01 me "Olter UP 
Iranlilions can occur on I 
cuilry CM .elll e prior 10 "t f 
conce rned o.er IIl ilChing . II 
unable to seHie prior 10 Ihll , 
must guarani" a c lean uansltlOl1 
out. 

, 
mapping 

lhen the 

INTEAFACE TO TWO MULTI·MASTER BUSES 

'" 

The interlace 01 an 6086 lami ly procenOf to Iwo mulH· 
• Yl tem bu ... 10 simPly an exte nsion 01 the resldenl bu , 
Interlace. Tile On ly diU.,.,nc. il Ihal nOw two arblle" 
are neede<!. one lor &&eh multl·m .... le. bU', and the ad· 
d'ess mapping circuitry mUll acqu lft III input suaight 
oU Ihe p<octsSOf', multi pi .. .., addre,&ld ata Ou, (Ihe 
local bUll. ullng ALE.s an addre .. stroo. Inoul. Figure 
11 depictl M w luch a 1y$lem might be contlgllre<!. 

Figu re 17 Iliultrate. Ihe u,. ollhe 8289 In a system an· 
Ylronmanl In th ..... 01 III four modas . Tha hOllI 8086 CPU 
(p<forlly 3) is uSing Ihe 8289 in III slngfe bu' mulU· 
maeler mode, while an 8089 flO prOCeSSOr II 1I11n-g the 
8289 In il' lOB mode. A WOr!< I I"ion t.a.Ad 011 an 8086 
processor u .. s the 82891n It . y.temlmsident bu. mode. 
This diagram •• pre.enlll hypolhetlcal .y. lem wher.in 
Ihere can ui . 1 mom Ihln one wor~ Sl aliOl1 lon ly OI1e 
Ihown). each wor!< I tation Shares S)'1;ltm rn ou.ce. and 
110. "The lowesl prio.ily proceslor (e066) wou ld provide 
lupe,...isory lunellolll and Iystem conlrol. i.e., allOw 
operalor Inl,,.., nll,,,, Into I~e 1~'lem resou rets. " WOr!< 
stellon would call In .ssemb le~ and compilers Or ap­
plication program. as n"dad. When compiled or 
nsembled, Ihe r,SullS are uan.r, ,,M 10 Ihe 110 s talion 
for OUl put. thus jreelng Ull • worl< Slation lor another 
user. 

'In , ... or • .......,., "'"""'"" "' __ , , .. c .... Of "'" ... ,oM''"" 
..... ,. __ ... .,;H .... " " '",m ,.,. SYSII:iilSfj """" Of , .. .. -M ... 
I. _.!:EN" _, "'_ ",_" .. II, to "",,, "" . __ , •••. , ... "'" .'''.'''''l , .... _no.no co,,,,,,,, "",,,,,, •. Jho po ....... 

"'ng.< """0\1 ''''10 r .. ...... ...-.or, "''''''0 ,""."." _. ""'" ,_ 
""""'""' "' .... ,., . ..... , ....... ,0\1 '"'''''' ''''''', 00«>0';",. .fI"., Of 12. ono"' t ..... ",.''"" .... no ,to •• "" .. , ...... ,,",., 
(Il ... .... to) •• ........ Aft ... 1 Of fl . , .. _ .. coo ""'" ...",1, 
Cia", _.It., ... on ' .. Syse,,;nJ 'OP'J' "".. 

If One WOfk . Iallon Is USed . lhe le. lal priority resolving 
technioue cou ld be us&<! betw' ," Ihe 82!!9 Bus Arbilerl 
(shown in dOIl'd IInu). II more Ihan one WOfk staHon is 
des ired. It wou lQ t.a nec .. , ary 10 e i t~.,. slow down I ... 
syst.m bu. clock to accommodate Ihe addilional ar· 
bile". or reson to the paralle l resol.ing lechn lQue las 
shOWn!. 

WHEN TO USE THE OIFF ERENT MODES 

SI"'II1e Bu. Mu ll i· Mu ll( Inl.,IK4t 

This mode Is the simplest a nd is sufliei,nl ror syslem. 
whe re a mulliproceuing envi'OI1menl exist. and Ihe 
sYltem bu. !)andwldth I. sulflc le nl 10 hll ndle Ihe peak 
eoncurrMI .eQulrement. of e mult i'malter en.ironmenl. 
Thl •• olutlon can prO. ide an ine xpensl"'l solu tion lor 
multi"",asl.rs 10 acc ... an . <pen slve 110 de,lce . If, 
M we.e r. lhe sys lem OUI bandwidth I, exceea&<!. Ihe 
lOB or .y'ltmlre.~.nl modes .~ou l d be considered. 

lO B Mode 

Tile lOB mode ;s ,dell when the bus can Oe separaled ln . 
10 an 110 bu. and memory Or sYltem bu • . Thi . mod e Is 
commonly used wilh !1Ie 8089 110 processor in ils 
REMOTE conflgurallon to separate tile 110 Ipace Irom 
memory space. With t~e 8089, all instruction. ope",,, 
on ellher s yslem or VO address soace. 6<i K byltS 01 110 
space can be access&<! by the processor. In !he eo66 
lemily. 

The remaininG processors in the 8086 Ilmily are con· 
strained 10 u. lnG only 110 in slruclions when referencing 
110 apace. If I~I. II • limitalion. arid it il desir.blt 10 
rem~ some 01 the processor lunCllon. 10 lis pr; •• te 
resouren, the resldenl ~us mode ,hould ~e conllder&<! . 

Auldenl BU I Mode 

The rel ide nt bu, mod. al lOWS lor max imum flex ibility 
for a CPU de.ic •. gi.lng II bOl~ access 10 II, own local 
resOurces wit~ lull ins trucllon sel capability, and Ihe 
lySlem resource •. The CPU can work Irom lis Own local 
re.ources wilhoul contenliOl1 On" li>e I yslem bu, . By 
using I PROM for memory mapping. memory space can 
be easily a ltered in Ihl, mooe. This m<)(le 'eQu lre' I~e 
use of a . ecOnd 82M bu. controller Chip. 

CONCLUSION 

The 8:189 brings a lleW dimenSIOn 10 mic rocompute r a r· 
chllecl"re by allowing Ihe ad.anced 8111~· bit microproc· 
... Ofa to play easily in a mu lli·masler. muillprocessing 
""vlronmenl. Wilh Ihe flexible modes of the 8289, • US.r 
can delin. ""e of several bu •• rchllectures to ..-t hi' 
cosl/performance needs . Mod ularity. Imp roY&<! Iyslem 
relllbility arid Increased performance ar. JUSI • 1 .... of 
lile benelll8 1~lt de Signing. mu ltiprocess ing sySlem 
proY~es . 
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