EP O 198 216 Bl Description This invention relates generally to data.
processi ng systens and nore particularly to digital signal processing
conputers adapted for perform ng theERapsgi2ieBpetitive cal cul ations for
Fourdi er transformations, 5 digital filters, conpression coding and the
like. A variety of high speed signal processors exist in the known prior
art; for ex®ptWUORece USP 4, 041,461 that illustrates one such design. This
de5|gn is a general tp ose high speed processor that i S ca abIe not onlx
of perform n s ‘ﬁ r8'&*€§§P'?‘F "%u 8?"? {PEATRSSIng, gystems s’B°"%£g ;gq;@ tg al
post pr oces§ 'g %ﬂﬁzco tehk e, ARl Yﬁﬁ%"t“’eﬁ‘?ﬁ‘"ﬂ% 5 ?5‘F'°r|t‘§" fyffed
as a pi pefl ng A aréﬁ’l? yils sglﬁ:tal rs exlgtpr?‘;hetkr?ow t%&ra e gntr IL§B4 1,461
connected iy aP.Iu f’%&l&aﬂ réo*s i é’b’élgd sé%F {h EpkiSie not
el ement Con i dd SéPB eqsghg . display
addi tion tOer Sttm%rfhrﬁ 6c9£s‘3 ﬁ suﬁrﬁd%s a'er%lm%g takchi 58 sdphidte ' stoFage
nore spacg b Mth 58 BndC VRS Weridihg ¥tofdGandi liflel a%ﬁ'tm@ﬂ? Qerﬁen? bonitbISstore.
circuit chifme Lctdmat $1%hd e B QPdcesblin hddliibh QY Withiiofty r6cabEet 182%iihe/ athiButé!but may
undesi r abl e rélgs Mbre syRb ardEmtpRkitythdnQian BeHvéHntly e Al orfto 4 3iRgié Biftult BhipMii 80 rdisee
dat a proces gbddgndsiptereshitbdiamcomphki (@ arCehapsirbifs dehwe. COnnected to a host CPU and
a host mai n nmevepesstist privr pétent isISRC QMIBI4BE inSwhik itieQdata irebésig agktdnt) hazLigdtavel icorayliter
Menory _Ace esannedted the HostIPUnaad a hos mainymembhewithshs b coramuteseimingditerfacaintiratgbrdiredt s
not conduci verby ®cegnat the het eesimmanonn Tk usefrbrocsegarate) stngaoeess wit epreluclver te signal
processi ng a®ocessiag wiskar minewhs iniances whaeel dirbel pueespingal theseurcenef detsignal frdegiredpat ent
i s USP 4, 393, 468 angthepfias rpatentpls (SE| 4,389,488 inpadiich| 4 plpraly pbparﬂleloplﬁimew@?sersaﬁa
speci fical | ypﬁfclf'%ﬁ'y ifivRl indenqndonty RrogsarypablaerReysioms (res Jesiopadsion simu % Aesiptipy The
Si mulj tane?6u§d‘15‘t?§?' SPRIprity aplcosionaks i 4 less slegifable gpigndd sRity ofthe facttbat it ean ke jnjegrgted

| ess desi ralS’f'e"1 a'a@? H'Pl‘h sg °P'?é’“‘3'?’° {iptorialy The fivo, pimpilianqols, alipwable, fungiions dg nsh :{3"

i ngl e chi p ' °Fiere| e :
S c t l{] I::'. e
it Fone. G5 ﬁﬁ’t er r.orfé épﬁ"?ft ‘t..evtr. a% e L
nore genef al

: co f a ons data
wth int er r lé ssm WItR rtﬂe%o &5 mé&%‘)&&ﬁt nss wchronism.

4,270,181 in % ncﬁe' ftaﬁ‘tsﬁnarp bfd sk&?%ﬁrr@fé‘?roﬁrtﬁhb (XY Hﬁﬂoh%néd“ bR if Blectronic
conprising ekl %lpéao% |4 G850 bosBiftlok Qrﬂ&eﬁiﬂad BiCoSBr HEING @ @Eteﬂﬂ?&cﬁfsy&%mﬂuﬁbo{ﬁe
dat a. ot her tahahetecaﬂ@l lobic QAo oHALB aBEbdad HERENDH frin R e BetibiPStord BRRRMEIBY with the
condhij ongl deévkig ¥i d dicdebding indirugtion Bdi svRar@BIyaHith Reihing oS/ $364d @dcdting Tris@uction.
article "D gitmkechildys ahtenuised BSSHpeliibdrprdtdssor &raln p@tiduldr BiteDinwbtiopels idescrsa arethe
publ i shed i mMMSl 320t0r @sei's Glddes bfgTexas\instruiBéhts pege £;18,148 Sons¥taSn fetdbing aa insirystidni buk oot
processor hawacoipgd. epsitiegrincdffect la neypperétion an recengort dfean dnteruptnandi subsemuentydefehinguand t
t 0o execut e @xetuingdhedaingstrugiani on from the instruction store sinultaneously
with the 80 ddeslivi VP 4025773 luskaiasi #ngthen ype (of tripelining raichieotire i whighy dhoy capirel ot
f et chi ng of oxerseringripstraclie exagution in #nsarithmetic wit is arovidedhy Hpeing fsagHepRecR] nstrucions
pi pel i ned prieuss S@uralitypf ’qgh“e ‘t‘la&ﬂ%ﬂec‘P‘i’\ '"t%%"aﬁﬁﬂé’rpty |38‘??’atqh§d‘ﬁ%°§'?9rqaﬁ'e’63t'luﬁ'°"
the TMB 3201’0%&%?‘“#%&?!"&% °ﬁ§5€%§§° ?ﬁﬁh P 23‘318’“ FIBP Bt‘ﬁ |E§ s‘ﬁgﬁ
f et ChU) ar;qféetr; r g| tgg( eml pq pe tang)g 6b sag a|' re ter or eac
no- operat'too as, rw % y:

executing t he upled c v ¥, ea ft Qt§a
anot her typg, sphuh&bao&tsagg etet 2isB Ghdh Gn u 5@61, Whgh E\E\{He%‘a pch amﬂt\éﬁlé eARRAED
i nstructi on cga@fiddlahd B plpBiindd athrhdtid Rk béntrblidd Tby ki dahtoMérd RhinD¥he T Biphid@ cBntrollers,
sequence @f jbNeb akfithbteFontlollsr G ihe ProBdseih@bdnirdlieOdre b REsISH &fnﬂicétubrﬁﬂtat&fo@s not facilitate
connected i mt&@m sig Ghabhinesepar at el y decodi ng each instruction in a

regi ster for cenhé @bcuient fide CRohite2fi0 Bidpipdlingt agepuiefs”,01081,0HenilEphére dRblishing Corp.,
processi ng pedshisgton-ac paget 26 aap26d/ BN KOGGE sneatiops thg [t mejors prablomss ithat the interrupts
control | ed payselin the pippithed KBV The first mwehiemr &tte logabiimingwhichgiossisty offdeterndaingwherOin
st age. Thios rélationshipt tattescurrpny fpragrant the drttarupt oepudred:t Sugle intarrapls efeddentiiedras imprecise or
bl ocks or arfuzay iiteyfiptel fthe oply wgerbeRb wax et delsig gropndstalb fmpsepision s oguse @xtprsive emoysts of
driven machiimena)eheckpointing. whighimolvescsayingynudelithe sgtecf ihe maghine dnleqal memery gich "@Ba
desirabl e. TR inglucien ig Siaet ‘!‘@“QS‘f‘h% E‘P?"a? IT '5(96'!1 E’He’%’&'ﬁt"? atopvsg% Fepending yp

the control "‘f“@%l%‘"ﬁe“aﬂ% LIEH a'Pc Jeppepation °f
al so showfi i ?FEFE r ° ﬁ# %" [y o permit
control | er ﬂ’é’ﬂ' °§th'8 tF | ?'ﬂ'@i aP Is pg ﬂ;e
Again, the ¢ @%n %o §°'J.é. T t%tge a8 T
the pr oceSS|uH‘ésaco r are a evel cof"c rrt'l ca ho
facilitate interrupt proce55| ng ITB.ChI nes. In the docurrent The arch| tecture
of pipelined conputers", 1981, Hem sphered3Publishing Corp., Washington, on
pages 263 and 264, P.M KOGCGE mentions the two majors problems that the
interrupts cause in the pipelined CPUs. The first problemis the |ogical

t| m ng V\hl ch con5| sts of determ n| ngv\hen |n 50 reI ationship to the current



55 the CPU or the cache. To permit an’'orderly suspension of the current -
task, it may be necessary to permt all instructions currently in the CPU
pi peline to conplete before savi ngEpOOgBA8 Biat us and starting the
interrupt routine. The same effect nmay occur on return fromthe interrupt
processing. This translates into unusable CPU cycles and |oss in CPU cycles
and | oss i'fPlepe gé??"&?"f?ﬁh‘ﬁ'éc“ oPRilysCip Gred impyecisq inffvupts ang whighydogs not 3jsp wgst ié@
216 Bl i nptaheRles 20 pleot &5 RedMAPRech enabl es to avoi d i nprecise interrupts
and whi ch éioes n | sQ. waste the CPU cycles and effect its perfornmance.
Sumraryfof—"'ﬂ%l—‘fﬁ@iﬂ—ﬁﬁﬁ—" A25 In view of the foregoing shortcomngs with the
known pri or i e f t v 0 S, d an
' pr oved | &B% view F«‘tgé? eggnmg%hon%{sjmgqs w.{ﬂ the gpowﬁgmjar Q«pﬁ s %L %b,@&dofﬂh\j’%l%!}% & r
means is pr Oyl &rﬂie afl§ Jr&lgg}ﬁﬁprh&grljeﬁ Reséd [5! In?ed%“'l bl%geskd? m{m%%s is provided
st uctl Ofsadoliihg YR borbbind A comlo @ﬁ\gtﬁ,caoh@mﬁé%jm AR} RS hePmakHind wHRGTa
record Qf Jidier RSN thd bRkl ikkalidiONbeg oREbud BION §kb 1 erfoRBcclikdd® T he error
occurred. Thend Rre88RY Bl b oBibdRC b AP InGdhlich Wk shddfcdily ikl i mebRELCHbibradl | Y
enuner at edenio@imBmtiof hé indenBdnedrielyl desLribetln the MBRGWiInddumimag. | nvention briefly
descri bed i nThd@cHitedulr® dndigstGetionedt \of the PR céssa ird ®Bigrbdan sueh aiwag thatithé processoets Of
t he pr ocessrto atidentie a¢comptidh typical Wiginal proveasing tasks, sudhes flitedioe ari@orraiaion lat eell a3 the

ef fi c{_emt | yoraconyapionat housyiepping argli ayitharletiqtagce s Subrgt bfabk instrstianhsel 9seldi Ibride ritsely
and corr el rerticdarly el tonidnil pecpessing reldied taslss Shecserorsmnd” dnstivctions ursaticeedbalny) whild the
ari t hmmet i cothes ipRirictions, dhelymaese fapfiiardnes, fend torbamorepgeneralipuipasedn Dalsiels | t sel f

particul ar | y Touefoyidq tess igRigrenionisclis siefeed emiediment ¢ diesinyenoa is e prypipeiined

i nstructi oﬁ"f%cef'?éhf"?’ﬂﬂ'i'é’ﬂg Betvelg “ﬂ‘ﬂ‘ |ewerieo fleHegisternan jngfruptiop plore ngtauctiqy, decoding

fani Iij P dfees. 'B'P’ "FRYaQuting Ul e fo o
Irrproverren%?g gj%r |q'e” i [ﬂl @E?ﬁ%%fcmgw &r%':tw;%s
pl pel i ned é@é;or rgf tl ?ﬂg,u egr{gssor(%mrgﬁ 4a|r(|’a im()a%S theau;:a e? 'c_uni Iier
'“S”UC“O eQIerelflLE .‘i‘é’ﬁ ShiSuono

uni t, a,mhb .Juaioh Blogad ke S o i it it 3 u&w& 8 &lﬁaé done execute a
di recting i e s §t§rg' lmsneo.xs Cul o KSkang Rl GOl t
the multi nhétﬁéuoamreﬁraﬁ ah® Shnlifhddudly) with Btching bha8dcbid SLaebekiRg) inStruditbntthehdi@mt iR
mul ti pli erredister fRSH @idSRockstol ddimpAdel! Ripfirall) &f AN RbeskdSHIN Wéid redRfrs aaBithed to be
processor ifdepbridsntly @ittt &2 keall G hali-@bld@oiibrisQDUrRE aBi c3tie ofthe bR, the MG 35 flll@tdC
at aky bd niegistbrees adléctivelyeédntecat do ldatgibos Enistoring Ba Eedet intp | ane theaduthut bicorbi df ahe '
regi st er lregisteys iis belsativain eshaxtbd\io 2oné o tHeusithenetic Rt fogic tunib Buifpli@nang adatk s oore
bei ng decoutting)data there@5STherpsdcpssart ¢oowriste geahsrig tagiegnte adaildd inslgictionsane inclodingcae
synchr oni zinswgctioh nkarpgistrrfert pading the addrgiscof theilast ingiruction éatahed fore) the dnsisettion store, the

i nstruct i onstietiondinkitleviceragegss o therdptasmemary during otherwesounysed mamory avdles: decodi ng of
a first3s uccéhﬂjﬁ’fﬁgsﬁ% Bﬁsr%ﬂﬁ"@ ﬁ'@WWW‘W‘@lG%P‘i inypkes f e Uﬁ°f Yla f“ét“@ﬁ'?'?gg

,0

of a secontP™& hﬁ‘é‘f“@f’f‘ Sﬁﬁ“‘c‘ﬂ‘i'é""ﬁ‘ 8 # @pmoriep prdd

processor ?3’8 "f F’ %‘§'° 'cH ﬁ’f "'E‘S‘)t"'pd?; 'ﬁ‘d’ p‘ m§ Iel"p |“"’r 3 sor
arr anQEd % TaP? B dt ?n err?}p?s S angrrgic me c oCKS su I ng
2‘2|yec g veI ?Zf ebrérs gnog:?é(% fv@g Be, l:rs d‘élisor&%&@ea nd &ﬁtfa:g d&ﬁfj{i‘i i?l }u on store
out put of SL Pamrs%% h@§t§loda§or$&n||§éi taﬁd’;ﬁﬁg ﬂ@mms.asr ot f&réﬁecgfm gFaure

arithnetic and Ioglc unit, mul'tiplier andedata bus for outputting data
thereto. TE®t 9&@@@&5@%@@5@5% means for traci ng to a failed instruction
and I nckuding an 1nstruction link register for |oading the address of the

| ast i nst'rucfFigam 1fikisedeachnfoveasn stloaurairsshiamatd diagians bidtieedatd foe alenshis aad paths fori tirek
devi ce accepsvddxignii@radedser aframaubpdichantiontye oiwdntionni se unused nenory cycles. 35
The pr ocessoFighra2A dstetes the dnstiuctigriitdormet ulitzed ivr load imgwdiath lefiland dght bsiructisonked by
t he user vi aFighre 2Rillosiiates thednstructivn bitdeyimgtt ferrthe( IOR)strudtions} uded are parity

checki nep on Flgye 2Gdlstgles thadnsbidiiep hideroel ferdhessile Inptacionansf ers and overfl ow
det ecti on on Flarre 34lystrains thej ipsfructien itjarmat asilized fof he padipger bytg ingtiyction v | s
expanded by |F19§’PI46(',"P1“'E?P?SFW°M€‘"(‘,°8?&‘?"6‘?"" forepnditional Frapghdngiractionsy | o traceahil | fy
within the %’Plﬁe'"‘ﬁ’fﬁ? the infrsion SN fery e f"ﬂ"%BmgP'B(?@%es??) reagipg, #ayjapipn o

up-t o- dat eb 8), cer ct §grALU son rﬁt on eebran pt lflgﬂd‘gt and
rﬁzhgrﬁczzigﬁf st i bt W%’?% Gricoie UL cecause
program acce,&_é f'séa st;ag ?dﬁfo gml‘ ,%) ats vvn resources can be
utilized to acquire app |cat|on programs roma host (local or renote) and

place themin programstore for execution. Brief Description of the

Drawi ngs 45 Figure 1 illustrates an overfall structural schematic di agram of
the data flow el enents and paths for the inproved signal processor of an
enbodi nent of the invention.



Figuré 2A iillustrates the instruction bit format utilized for |oad

I mredi ate left and right instructions. Figure 2B illustrates the
instruction bit format for the | oad-EP9t18§216 Bhs. 50 Fi gure 2C
illustrates the instruction bit format for the store instruction. Figure 3
illustrates the |nstruct|on bit format as utilized for the |oad/insert byte

i nstructi on. FF' Vi ‘li‘R"FtP"f??Q?'?’Ettgg‘p?tﬁ@sWr“HE‘?’Fon bi t format f or
dit | brd ! t
Formmi for b Wf%ﬁ% i, s, f A TR 81w g e
control 9”%3 Figute 8 llystratb Hé&at‘lgthétycitng o) rdgiser hi ,glb'rsect program access
witing varrathlp%'"ﬁh E istj’—'oa 5 illustrates the
ﬂ&sﬂéﬁ&yﬂgﬁﬁgi‘ f& g‘;;) anch | ‘nstruction type.

i nstruction fog

Figure 6A il USLird b fugy wﬁ,téhmsktarasr SBY vkOT the general compute '

i nstructions. FLESA ,ﬁﬁ,dtgsmgs,;“;,@,&% lihg B@ImagONpPUt e i nstruction formats.
4 EP 0,198 Rdife B ifusisstndiigh! dndl WHik L& Parlifdfling tdhationg@&MPUt € i nstruction
formats. Fi gur gg®drouomeiradsase i m,],rbdu,aitp'aam;ﬁ,a fémnatl he conpute instruction
formats. Fi guregule i1 MusEhtesdchsindittfly the SistrudGdni pigalidor 0@4 fidwaior tHed1eaP déddde and execute

I nstructi onghades ity wpelititd op&aph bitharefekretirenibodidert bithecioveplithe. 5 Fi gure 8A
I 1l ustrates thEgsé a2 dusrbted bubematicdlly e exendadciddressipg ditatacehiogitve [of the prefangd emb®iB

i |1 usty at ®s meneofdtiedtventioh. t he nachi ne control register low bits. Figure 9A

i |lustrates thEgyimthillvstatey the linsar exdtphdadeddragseierblion dor dirgey brercherand|idading pftbeigdex
t he machi ne redi¥fus register low bits. Figure 1 OAillustrates the

mul tiplier i npligwedbillyshigfesyichenfaticatiythe daty flow for anjingjspch program jppgegpfinclities t he hi gh
and | ow IOr@oduct":g %??'f:‘tsrr ?ﬁﬁ‘t’:%;‘g@% f?‘g’;‘fuﬁr"?f‘é{ '?;fﬁii;ﬁg?g%%gt%@%’gg&ﬂ“ iod dhorebyo

nedi ugpr ductF I

i nstruction “pu E‘w fraies e 'PTEYOp SPoorie o P’t?ﬁ“‘%lé%"%Fe? aﬁ"a '??8% ﬁ?eég"ﬁ'hé‘édég‘]

of the pi pel "R | urgS Il%Eﬁ!l sriheor sturul& B&‘%% %%%x '&Eu ar%ir&t the LDCB&gs ‘-? é'%QT

Figure 12 illug

feature of; theﬁ r &Ms ary e% h d3 Jo sérék %&Bé&ﬁth r'a&
illustrates thggle @eaurust?arasqmﬂ tﬁﬁélc@@@rf Jseéstm.h%amchespra&@a

| oadi ng of tmod|ﬁ&65ftﬁ@ﬁ¢eﬁﬁcﬂr F| gure 14 il ust rat es schemat ically the data
flow for an i neyirees NpsteGE aEUAMES DB the LALOtrériclon dohtibH Eddlesl With thbikl Aipliek Redut8gister

i nterface reaaesymbanagsontrol bit assignnent and actions control |l ed thereby.
20 N Figure Biguré |28 Ustar Qurdrtana ofS thaTierupd nd Reeti enfryy raddrbsses) af atfilized : &® preferred

utilized in enivediperef erred enbodi ment. Figure 17 illustrates the Instruction
decodi ng and eKkigee e ilagates irsgrbater detalk theanyltiplies apgh evoduct eave @udiwsto®@ ledin ilizpld iy the

(hex) . Fi gurpesfer@dieimbegieenhit es t he i nstructi on decodi ng and execute actions

for the opcodes 8 through F (hex) Figure 19 illustrates a sunmmary of the
i ndex conr aIees? iptigngf the i ~-I odes O through F (hex) 25 Fi gure 20
illustrates a sunmar ranch cond |t|ona sel ect codes an E‘
action. Figure ASZ@PI"'PF 6%'19?“ ‘tcé'y ﬁ'@“’ &ribs %YP"alé ”F‘H'F‘?é’f fne pﬂﬁﬁs‘?'l? '?ﬂ"’ligl
codes as uti9 ""d? d“q[g Pfﬂg’ ?'%gs\ta 5’8’ gﬂ’BB Zu“ﬁ'Bg Em ‘s ﬂs °
11 usirat go 5 SIS ?‘a AL %E, Se'ihl? 5& ity ot @f jﬁ% et
product regigh&d (FAﬁ G&Sregi (IDR) r%te (ﬁoé‘ ciated
i nterrupt angdmhes %&dr@s@ttfuy 1 aRkb inkidx! ro bn@t oloft falte al Qrfsf on decode logic,

enbodi ment . ke AipBnadtrotlAgutdsial at es [ n- greater detail the multi plier and
product save and restore logic utilized In the preferred enbodi nent. 36
Det ai | ed leesmeéss@y bioabbbiatiohe | nvention As depicted schematically in Figure
1, the overall structure of the processor can be thought of as being

di vided i nto t Ve fgpnidg 2dxt arde@sK grédie ertantnthel iusesidnd tablea telt 4rb includmgiuea oiamgspacial
control | oginameddrblotertiagior’s| Tasairé surpearizdrieied@ cottertiapcd.ncl ude t he vari ous
data handling and rranl puI ati ng el enents. This conprises that portion 40 of
t he Dbl ocksediRgggwars pane Abigevialons sequenci ng and control | ogic, which

I ncl udes theB I réstruct [ on addr ess

CDB = Common tri-state data bus.
55 BMUX BUS = ALY 'B’ side addend sslsction bus. _
CMUX BUS = Stack 'C' output, MCR, PSR selection bus.
LMUX BUS = Input selection bus for left 4-register stack group.
RMUX BUS = Input selection bus for right 4-register stack group.
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cl ock c"ént”f'?ﬁe'-g‘f USL‘E’ LAGH ock ALU condition enable flag. Il =
Interrupt | l?J": bi t lndexrcf{ig control field (see Figure 19).

FUN = ALV function control field (see Table 5).

b Note: See Fig. 5 for usage of the following flag bits.
40 RXL = Multiplier ("X"} value selector control flag.
LPH = Low product clock control flag.
UE = Untock ALU condition enable flag.

= interrupt inhibit flag. .
ALU resuit-to-stack inhibit flag.

Sl =
45 Al = ALU A input enable flag.
Cl ALU carry-in enable flag.

E =
ME = Muitiplier cycle enable flag.
= Register selection extension flag.

50 STACK INPUT/OUTPUT SELECTION FIELDS:

SA = Stack A" output select field and ALU result destination selection "stack to ALU "A" input; ALU ,
output to stack).
SC = Stack output select field (stack to CMUX BUS).
55 SD = Stack load destination select field (CDB to stack).



Si = ALU result-to-stack inhibit flag. 45 Al = ALU A i nput

enable flag. CIE = ALU carry-in enable flag. ME = Mul tiplier cycle
enable flag. RE = Regi st er sel eEP 0098 216 Bmsi on flag. 50 STACK
| NPUT/ QUTPUT SELECTI ON FI ELDS: SA = = Stsack "A' output select field and

ALU result destination selection "stack to ALU "A" input; ALU output to
stack). SC BRACH CENIRQL FIELDR:t sel ect field (stack to CMUX BUS). 55 SD =
St ack | oad destl nation select field (CDB to stack) 6 EP 0 198 216 B1

BRACH CONT pe field (sep Fi 5 and 6A-6D).
Rk ey o°H""§t8Pé?!‘?°‘8?5’8és"?g% s afalelny £ oo Sp 2 0P

?”. SOELLAE QR SN SRR SR BEMBR BN i ents of (o

Logi cal NOT (bLt invgrshQgd. Description of the Invention 15 The nmain data
fl ow consistg of thes'gaﬁea, " register file 1, an ALU 2, a nultiplier 3, and
the vari gus bg?ses t Rglstef aBfdelbyt.NesE el ements. These el ements will be

i ndi vi dual | 'y descri b@shnkgae bhe foI | owi ng sub- headed sections of this

speci fication 20 Thegicd) Mo piliverioBUSs (CDB) The main data flow of the
processor is organized around a 16-bit comon data bus 4 (CDB). The CDB
serves to dmstriptichtof e tinvelsibra wor ds bet ween vari ous el enents of the signal
proceassors and to/fromexternal data nenory and 1/ O 25 The CDB is
actual l'y in t Ve wapdatatiew gensists of thec"slack™ abgigter (fiter 1, aardiV t2h e nuitipliec Bi gndpbe varioushe
di sti nct i orbupsss Jhat gonnent ftheses elerhantsn Abase olompits will\liedpdivitvally descrinesiadhepfeliaving saiPB
wi t hi n t he hepded seqtipne ckibiseperifiratigar t of the CDB is not activated. Thus, for
exanpl-e, if_an imediate oBerand is moved fromthe conmon bus address

hol ding Pegi"eemman Pﬂa ?Fe‘c @gl ster file 1 input via the internal CDB, the

external CDB remi ng h | dance gtate e exter g f ”2:%3

CDB ddj '&? ?"b °“‘ LS 0 %@b‘é”

Storage 30 TR A g i % %E%WE{?*’/' s P ?a\?“ﬁ Sgrpl s, ot é"wm {homs

i nstructjons i s a i a l e
9&??\% sl nat@rg e%I %H@% %%ﬁﬂ ;ﬁ%@ofpc% Efm}{;ng YRR Vely

regi ster f | h&n WMthid' the CDB is
Ei ght een Clgt sduehedl Trius f}é‘rsex&ﬂ;ﬁe (#f%h ﬂnrpécﬁafb dpordid i€ mdddd! ﬂ"obﬁ éoﬁ)moﬁrbﬁs £are¥d RbRfihgi N
the ext er nabgifdld ©herebiRbEid RHPUIVAI thé MRMBOCHE Glel exibrral cﬁéﬁ%(aﬂatnaa Ri§HAnpatRAnce
and menor y -sted) redlexketrial faki\dr B OB \(in @6dition A the Kl part)Piissd WhLNBYeP bidcadsit®datd forage

i ndi'\cat esh BRENBHhandry-pagpad FO aer @qulred. Faechtin of instalctiong lsched LBAD atCSIDREBtdGire
The CMJUX Blfat Gata be moted ibetgbantties deglstertfifecion-ghipd andchiata nesnveyt (RAMEDr Imetmoryrmtapped 1O,
vari abl es fr obightben CEB siged [lives (76 déta tbite plue @i matitg rbits)t ane Rrotidagk int thee extdDRI DB rchiPSR
9 regi st er dnipripce far ke eonpectioneafiRAM (slgle stofag)Lang rgmontrhaniped 1/@ (MWIO) glevieps. A simpls
the conmon reemesy ¢snfguiatiep indicatert rehemaligally infigeedd Bus (BMUX BUS) The BMUX BUS
10 provi#®es the datadoath to the ALU 2 "B" input. Possible inputs to the
BVUX BUS 45The@ Mitiplexed Rusd @4 bBuct segnments from nultiplier 3, CMUX BUS 6
contents or sj | on dat a r om b| 06, of . PSRH 6) IBF tf I\/LM t,jcpl exeic;

q move varia rom the outpu
Bus ( LMUX Bﬁl reg@:r)é? fojvgrjvf W@@éﬁm ers mto‘:gej thmetic logic (ALU 2 or multiplier 3) or
o 4 onto the common data bus (CDB) 4, :

The B Multiplexed Bus (BMUX BUS)
The BMUX BUS 10'provides the data path to the ALU 2 "B" input. Possible inputs to the BMUX BUS
45 10 are selected product segments from multiplier 3, CMUX BUS 6 contents or sign extension data (from bit
06 of PSRH 9).
Left Multiplexed Bus (LMUX BUS) and Right Multiplexed Bus (RMUX BUS)
s0 The LMUX BUS 11 and RMUX BUS 12 provide data to the left and right input poris of the register stack
1. Inputs to these multiplexors came from the CDB 4 and the ALU 2 output. Note that data can be taken
from the CDB 4 in both true and bytes-reversed form. The bytes-reversed path provides the means to
implement the Load/Insert Byte (LIBY) instruction.
55 The Register Stack

The Register "Stack” 1 is a random access file of eight, 16-bit registers, numbered RO through R7,
positioned in the arithmetic flow path. Thres of the stack registers have specific assigned functions as
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50 * The LMUX BUS 11 and RMUX BUS 12 provide data to the left and right

I nput ports of the register stack 1. Inputs to these nultiplexors cane from
the CDB 4 and the ALU 2 output. N&Ere0tide21ed®t a can be taken fromthe CDB 4
in both true and bytes-reversed form The bytes-reversed path provides the
means to inplenment the Load/insert Byte .(*LIBY) instruction. 55 The Register
St ack The siR#gibelpws the atijep fye areigepasal purpesedRgiftestcess file of eight, 16-bit

regi sters, B¥nbered ROt hﬁ@ﬁ'@'ﬁg'wa'sﬁdﬁdtqséhé‘ﬂe’ﬁ'm"’t‘?ﬁe ar| t hmet i C fI ow pat h.
Three of thB*stack regi st qdrgs @ sa 5‘?@

PO
ed on er s. _
L tl&%:tr Tk T 2

. orts h “of which provrdes an rnput pa
r eg! ster ou o eqrs%gerg Tﬁ gﬁ ? ft Group ht Group ‘19%
register rd; I rhrR i &la g'?B (gdzoutputl?l
R2, RS, r rced s vaﬁrﬁg Ens Qrcase%ft er’ﬂ )Seﬁeﬂ' gisfelali Xac Jr r} ﬁ]al
har dwar,g M{;} b&Sly abes ptsa GHO tlokh o Boitds. 1 e register stack has two I nput

ports each Ofhe\WbCHiskis\h¥ASd With twb rau&utpawe;cﬁ cBpalib QO Bct¥sing, AiutthrRGsh! SeSof
The regi stRleight S4tRFoghiers. ORS 61 theRsl pérd, B8 "AortSblideSay B HOALLR S Mindut; B Rther,
t hr oughouthet 1o ot PAE kitdchisaitt ®a.CMUX BUS faik atfli-atets dhvap 1. TR brds ® Asimbel O Btfich @i-
common dakmateludger{ &idBjor dimpcity, a8 ardldumBeredi 1 Parid thd secific Hrverodl be admedan heabrdarieb Ue,
i n tRke casithifinmier fl ow). One register in each four register group can 10
si mul t aneoud¥oje thetcibp tindeon reigisierst (R rapdnR@N@re Sipently avired! lvca stubliplkxol entgring the address
provi ded wprterate (ABDJREN) @tdep b4 tRegisteraBh isorined dirastin fo the melidieng) "X sinpnt rchsecalways v
one of t heorddingtipe wgkbqifegiseﬂ Bramuliiplier vglue. tWﬁ@l@aMrat%supﬂhé via Ao @))% BUS 6 as
provi des &Htbg dpgsribaddateyy U 2 " A" input; the other, the "C' port 7, is
attakhe® to the CMUX BUS 6 via a tri-state driver 13. (There are a nunber
of other t'P¢MulRigh e drivers and, for sinplicity, aII are nunbered 13 and
t he speC|f|c dr ver théc
1cal

aned 1 ac tda nput
et A, r:rtf o g ot wisgos g
entering § @51 Ay t?ﬁeruv%ewbte i
directl y Pwr rﬁdﬁh& h% 13 orde tIp erSlQe\?el N‘@%ﬁ IanQ Io;v- ?de i
bei ng use xf ge ol Soko si We-se 'tr{é A Gack e!r th\é'ﬁ-bh X
BUS 6 as ‘f{* Y vaki§: Tﬂ@aqr..ruea et:argneata hIme tivbis-bdriphenidht sfynéBtitakyatisbies o mﬁl g
capabl e of nibtrhuiipydr MBodbessas! prodiBEisS nitvbered- dothtou @‘beﬁh‘ﬁch'a% BérfiohéiE ol tﬁre& he
pr oé\essaer selédthbfehiGSbltSplﬁﬁﬁrttfsb@ﬁdntsmauedtl‘h@\ 1av Bid m @PHVWRPL arldierrngf BHel Rbaltits S
the "mul t icfthpriging edétl senRhit Wik depérideupbh - the? vay kel mOKipIBE Kalvel {")")DRasr &b @ dthé O
as the " Mmuttipiehtion gaxdfiaggad bye therMS Wit .in Mot reultiphiert piolire), land) lop@r e statoves | thee Mbdlitns
(With or WRrcdinediect cantwalibitgMNIY, it the mbdtne coatghregisterdd (MORH pit 10)ow- or der twel ve
bits or, if Thesttraldits intledet dneagh desduct sagmehti under (allititetvatiqup condidions| are slimmprizedlrios )
can be 3elFigureet) InddA tFigsreTIGA Indicat@athes fowriessibiegeloction opfiong faethel Mulfislior valye.t"Xpb1 i er
( X") val ue. ThyReodyaysegments &an hegiglopted ed'ﬂeel'sg%e@uedo ha g sider qhie ALY @nPrieshen of
gned bi % SPEINLIS oiiay ipptietiby ﬂrﬂﬁLM 98 comfoLfigld(E\N) san Jweegtm'"w qlign (as
nunber ed 2Rt ﬂ°2'7"’“* *Eﬁ""&? & 'pﬁ’fpﬂ'?"t | “f?ﬁ%fé?dl(?ﬁ 'B “teh"r"‘%eéy he 14 ingugton

16- b Syupgr= RP Th
o u‘si“ £ M@Pg ma 2?{?' §E§§§ i fordidh e éggj' e é;%y @129' %ﬁp or
he mul @? 8%’5}#9 &aﬂmmxgtg%ﬁ% ;.m% Eéﬁr n.r?g ) °’ %

Uity ro n U C O
control Dbi, cles’%&jﬁ6 B3| HRnin® BoviBds 5%&530 %dég( ﬁ = JrP e w&rﬁethe
actual Bi teyisteChs %ump.eea@am@ raradarnsteuseg:ttﬁgt oHIP Ghbn &l iow BRAMEAEGHSRt (RPL) is

condi t i ONYcERssRd. STHEEfahgeddntl aRowdsontal @UBIE Predisiom RigISecurmigié! Esmplitafidhs 1161 Bb Gt €S

t he four pgamwed usingsalodeior StackaEistes) Thé Gompulee(Cnstiuttph ineXidesalvdispecitiobits toldvatrol
product s eodEnpipsiiba nlodkingsBit 21¢ the AMEN bit, givekavbialy caol iohthel peddco pipdiiee WEle bisiSclibe of

t he ALU 2. LPBg| st tpeanits qfartiallyeinfibitrgiu pipelise gloekiry $os thet plavousi padial prddusy atd @rodict)
functi on ddmhatioh cdn telrektofdaliblpwiopan ialemetl i n an i nstruction (as in a Store and
Conpute instruction) or is explicitly specified (as in the variety of the
Conput e i Multiplier BavenResiorerpmintesred in Figure 5C). 40  Operation of the
multiplier is as follows In general, all -of the product bits produced

§32:

the nul tipli'®r9ep %tP"%ﬁ“ﬁ‘hl"t*‘aH‘#BQI‘g'l Vé aafitt@mei 'ﬂ%

phiE gg;w“:z R et EaA
be rqutin d er efl

V\nxleﬁlleelelre e[offte%m*rd: gt | dpn Lrut trflt %n“ Tl& cll? yg.ﬁtw L%{PEIER% s%ach:;
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codes 1XXXX is specified. The machine provides a second node (MCRH bit 08 =
1) in which the 45 registers of the multiplier pipeline are allowed to
change ‘only when the | ow product seBPOMIBRIPBY is accessed. This
arrangenent allows some doubl e precision multiply/accumul ate conputations
to be pro- gramred usi ng one fewer stack +«registers. The Conpute (C)

i nstruct i orf"PrAeliandes "t"%d’"% SpYep @ngyreptgred gn inkyrpptoBits sletining thesp, fasiarsj gy contained in
cl ocki ng: Bt Program;Sigtus: Ragistep, (RSR) %I Spuieg greesiering Bk ?'sd’\"""l g stageRie fnstruction
pi pel i ne Wrﬁeﬂ'é’"‘E?FtSaS'"g 't"}‘i'é"s‘qﬁ'f-'ﬂ“" P @nd B RpiBters [apies; sRpqia) oRerliPsi t i ng pi pel i ne
cl ocki ng _so tha{:‘ US| partial product and product 50 information can
be restofeosaf" dian Interrupt. Multiplier Save-Restore on Interrupt In

order to achi RY ot Lgkﬁg&%@m‘, 33 Wbl RIS npﬁnmwt. ik B RarPloU5BSLtam cither
enpl oys an j0ikn5% R RF bl M3t 18 Bk tTﬁ sdidsidnl (ot OF Fight!id deRhdad-thel MbiplibrS
ilTustrat eqnﬁeﬂloﬁb 9dka G @éﬂify-ﬁbﬁwe%nﬁlﬁmtﬂ% rﬂum;ﬁn GnsBdBSH As'PreviobSl GidcBised. FFhe s n
the prodyct;s b.egagazs@fmut plféfhbsist REZSINR tho PRA 01aRS bidbs6latIUERUPRG oRPRGE T8 Ms BitS
i nt er r upt edaikd intiieersMi Mg Blubddrto AdjisBthb Bit BigniNeaRE ofiHé PRADBATE IrdhbA i NRILTIPRIERI (e -
I n addi ti Onscalin§ eperified. FTheABIBY to fcartohe z8Vakeetly bysolting the PSRIINIRY th e Shraldgp 16 sallirige
mul tiplier ahdegswrsfth@tonmits bi RFP dnb@&Pnul tiplier carry in MY and the
MULTI PLI ER ( Xyhescpalentsiof FP° are sdvbd By d&dBmiiking Bibmiitd evorterinis:(AP1tahd RPINRPY isahessiow he
save(Landi rkits pORRr BIGHT X soaling prid. RFBj i the digh it Gibitspf BIP &8 EERTAC $oaling. Bheecalingdoairal d
i n the Progwehby Sicaodhe WRelipclly dy thé PSRP. Dhe I@nowerd 6dittiofrRiSare selevtpdtbly aigh Sy ansl
done usi ng e bighterdey 16-hitstof BE eiespledethydeftessling.Savi ng and restoring the RP and
RPP regi st er sWi“ BPk 5 usprbio mevedifd o i regisier, ™ MSin yspad) begruse Y mittibe sestosest dirgctiyn
a previ ous ¥EethediSh is f?ém'IWJLGPPPE‘P Bpove riocedys ¢ completadethprmuttiplisr 3 (s flushed iomeya the
sel egLed®¥ r‘iS’p‘F’gF TP iigcRF 2l the progsrirg IsgPPeaied teysave, e RRIjopT canieats of BRR andbRPP1
bits. The ¥ «5‘ left or right, is defined by the nultiplier mmenonic
used in i de%]s!oﬁﬁsﬁ' anE%PX i nput in the multiplier instruction as previously
e

di scussed ection 10 is propagated thru the pipeline as the ZS bit
in the PER 9 gndaag %W find (A€ cPitdrks &' theShuifitbPidbistds id Qs igbles IRP
the PSR). '\ﬁslﬂﬁﬂfﬁ‘i PR s &%Lﬂﬁiﬁ% 5t (Ys%ﬁv»ﬂﬁl daﬁ@ lZit’ﬁbll qih %:/e th1e
refl ect theprMag— P fﬁﬁc nStheéakibtilos HRESHoInES For ldx 'tﬂe' grobuétRrGe I'rélslult b HP1ZS

directly bYOI%@tvﬁth Rgzkbmﬁﬂ?ﬂpésﬂﬁ@ﬂ b fhe i 2 Bits). At egy for saving and restoring
the contents ko fbtier?eglisén. pertdifing @i QBlationOTheit Rrwher® BY R thiih RIAGOGMANSI NG the

t hernint @ trmeiplieranGy mRRAyie sy RRCmusRRinaindixédehilb 0é/ sdddnd froduat ik Foréd. Rifs Hrotlem is

R GHT X sc adolverdybyincipédeR miutiiply lretrivkigry MuBiplipivits 1oof HORP (MIMRD) Likefow drazloct] Holdchit il ltrey
scal i ng coritstradtion. Ihig ét bittyof the computp ibdraction. Thid instactidmdegatesttieccideSR tBe lowWdt ditd afthe
order 16-bifRP & RtPragisterssetie theteiel gonfentgiTemalt fterd g tamebporiits fargyifled mitdive second
16-bits of AEuelre sel ected by |eft scali ng{ When RPL is used to nove RP1 to
a regi st®, noheapeond pipblepy ghisrefipacihg fpayifempn w‘épqs;@gwr%’a 1dibiteer nyhefRfxfipld: flis PSR
i s rest or ecloneRk firsk fpubligg 5P2 aﬂ’r @ﬁ’bﬂﬁ'f“féy"?gsby&) Thést °F?€°’h'|§ IaP9°B’P\'sB?d by ysing a
flushed to ﬁ‘?ﬂ%}"é’i t!?“ ”7 h '°Pérﬂpd Pn‘?c?' X will not

ﬁ% S relgj

repeat ed td)r neqae W, sm i %cgor ns :@ﬁ%}

ngg?E?fers 'v?néqan%e g;g‘y‘e h anrelh%;{]% St ﬂ?ecarry E re mg\?ﬁ% er
i S| 1 e slg ra Th|s is an

MULTI PLI CANqSiaéngS hundbot %ems@la Qhevgﬁdc@gfn e & Gt

proper bit mk@a@g@m aRs thilliot fdistl &,gen@re conbl ned For exanple, th e

product RP IS, tHaits @eH &on@fselﬂlfélnﬁa%e oV\Rﬂ? RindrE52iviilent BilsZior RRPEWith rifiit 4caih) Iv@et deO

the | eftsl2 Ridrsdwhed e 18th OboGthg Bit frSe XisBledhior is Q§«lli i forfolmd & maipiEaAba.ON. The

first is whemr THaeaomt ReMh&PSR 0 willde usddaslovelikie the Bign géheratiaalif the mullipliess.( by

multiplying by 1); it nmust remain fixed while the second product is fornmed.

Thi s probl efteiA8Usol ved by a special nmultiply instruction, Multiply with | ow

Hold (MHRD) the | ow product hold bit in thE instruction. This is bit 5 of

the conp#t e | Rentreief tthedunctionhpesformed by thet 1B Al G-t acsommplished|bydhe fiverbit fvaction gentrol

bits of t hefleldHPUN field)rab thedptrugtian ypes Eanpuledf). Sive and Compeie (0 ardaliond prdcGampyte

t he upper HHQ- HedUN figid-gpegifias ‘?%%“"&%‘@%ﬁﬁ'%?%d%f"’e@'s" to be H’Ff@f"?%é%d“ f)FQfBI"em

ari ses frorfehk Mol ALY geerggds qu ng‘} acfipas wpery ¢ slack

This is dorfégl%f 't 752 '“H e .Ahtj ?P‘a’nﬁgﬁ %s yhond Pf°d*\%r3§'s‘°' Is

|l atter offer® hed

whi ch, V\/nen.. hen?}g‘gz esn@oigé‘s inpu P\ngo Ef ta)ék §§m1a§:g!§if

w1l not prs%w isfar aPﬂB ided 13 @

earlier, the value o carr| s |n e p pe |ne be ore |nter?up

be restored when the PSR 9 is restored. The probl em arises in the doubli ng

of 40 RP2. An overflow can occur which c8n result in a sign error. To avoid

this, the carry AY (stored in the PSR




which is the sign of 2*RP2 is used to override the sign conputed by the
multiplier array. This is an additional function performed by the special
instruction MHRD. To summarize, MERD 1R&216B1s two operations key to
restoring the nultiplier register contents 1. The bits whi ch conprise the
RPL field of RP (and eqw valent bits for RPP w t scal 56%) wi || not
be 45 e taBt“téEP iRt writingoALU TPyt back pipila gk t‘PP'td“'P?%H‘ia AR K9 by dha et t o
perform a°frFﬂT‘P‘ft?3'P“sc°&FLl"m9‘“t2°A'1‘he carry bit, AY, in the PSR 9 will be used

to overri t n the multi plier 3. The ALU 50 Cont r ol
of the f ﬂ?:et'&?fﬁ'"%g 8'9"%5{"‘ h?%sé"’ie bit ALU 2 is accorrpl i shed by the

) T fyesile e e ue b nge i o]

field spepididds ol @nt@rahé Q@?L)'cGntQﬁ t@%\cn%hecNhU &P&Hi %Ia{uQ"éf b&Hal SraddR fQﬁalEﬁi
and, to agkmiib@l N extent, inplies t e ALU operands to be used. Figure 21

sunmmar i;ges possi bl e ALU actlons when a stack register is speC|f|ed as thé
ALU "B" | madhine Com@VR&isted HRh gWerH)he ALU actions when a product register is
55 selected as the ALU "B" input. The ALU 2 takes as its "A" input the
contents of Tenies of thé Birtoar alaflabBiiits in MEBH B VS adsighed fuAdioes) tharemaia®y foiirS(bitsBy

I nput, thérogndearsispaef BMJIX BUS 10. The ALU 2 output that results is then
nor Nkl J’§ r etThe wediol fondlitng assignedt ta theiMORErbits, dstsainmpnized indiiglre B fallAtto ifewp general n
t he Conputategoripstas flewson (C) the SI bit (see Figure 16) gives 9 EP O 198
216 Bl the &8% Hiang Stad MGRIE Hietinsjugtion Bentyok fiokd (LCY arpaisRd tonengble |geocist redes of
condi t i ongrerayeruyeerby Ingiruction HejgRadister By, (1:7) @nd (asliyryos Addressdingisienis WM cleekingriy i ng
in the ALlB“'b'ﬂ‘HéV“%E‘?ﬁ'FVr@e‘&PﬁP fow DRcYr Tfloyingsa P.SIhe pupage o} {Respjmodes s inanabis,
Low ‘Qrd®r e:?.%‘ér % a*@?rﬂ%l"f ‘RE'@"“%‘t Btds, 8"‘?’1\&'3?2& 0°°N}E:I-“\‘Et)"°€%?3¥1b?:8 43 Heudimdpen
bits thatP

tro s rmd Co 0 ty ethul ons, The
H g and !:o% otgra.. gdru i e Proet:, gg; ngts
that refl Z@%E& Ligh borf e beadd 10
Machi ngs Co tM Mol nts ¥ #fuﬁét%ﬁsea‘?@déiﬂé%' (5 7R)

in MCRH 8 hape 1@&%&0@'& MUHEtd QRprisolal le&t%ﬁ'dgﬁnibg int £tb)hfc§ cary vl &untba -
are_spar ewiplile AGIRsE Gondidid)@bD @EN) &fisd @ned to th bits, as summari zed

in Figure 8AotefthdtlwhéhirDindtQition GEB&Y iAtb m‘eactaeg@tvloe&ne afactiiny dswsn IFA hdad thsirond Of
MCRH, t hethbmigh bye bf 86 inkthudkon caxidtwillde pldced 1 MARHG@) bits Brieoudh @5t theCthrédimthuetion jpardy al
MDdAS 0 BipeiRbs b MORH 61bjis 5B 4ndUIC Theopatil.iorskscoiplsh i Mo (nicRyd @it main data

| nstructi Seow setlematis Figheegi).st er 16 (I AR) clocking is inhibited when parity
check or overflow occur followi ng a branch. The purpose of these nodes is

t 0 enabl eMachinelontnt Registas Loyy(MARLY he point of a branch; that Is, when the ILR
15 coul d not normallm be used to identify the point of failure. Bits 6 and
7 of MERH 8 TheMbiisobMGRISR {suinmerizes in Eigie 85} consyl dvecdistingt fungtiogy a8 fellawss) | The

pur pose oMCPh&LE Od% flsgjpitcenplling splegtian g the dingar Sxiepded /Atgrpsting iFeatyre, (LEAY: When ey
for oper aP'F Br?& ('?" vdl \9?%?j'°'é1’ft“i’Pe'FW§tb3&E epdified, g f??F'E?E?LFBt‘W eidFaE é?ap'(ﬁb'89‘%1ﬂ8°§"a' The

FUN codes °f F} can e I nvoked cate n 7
and §B.,, 25, 3.1 el e S %2“ }@Eﬂt TTYPEGM : ‘fa
bits. Thelp ml éz,@ ﬁear t s?'w@gﬁl e % ﬁ%

8 conrprl S@m@o"ﬁ ef| ni ng t e poi nt at carry w

i nhi bi t ed W'l\h(fHLrB &Q% AGQJ @ﬁw’énwﬁﬁ‘dﬂ@ﬁlﬁsﬁv%&tﬁmcm baqlrﬁhﬁ;&edléh mdNﬁtin@ idsBadtiondlagd an
I nstructi gia b&siﬁ@gg cpatgaoﬂ?&nmaba;ahhgwrm t he machi ne using an | PA Read

i nstrucéi on,merL Ghandy & uedd 1 BéntroiNbihelGE PrédassoERébe(PROR)Einipdta@@n e ANCRH 8
bits 8 theomglplid;ovérisy dobure€e i nstruction parity 30 bits will go into MCRH
8 bits 5, 6 Thadhst/8 bilshef MGRLNS, thits A dteaug (15, tdetl dndividuatly itas inhibitisendripad] intanrugpts en

nai n dat aleidl OnhoogheTrarespectivdiy. guiriatertupt pdviintion anCieme! rio berfRied i By 6F the curesMBRl) 35
The 16 bi seviesfinhiitffleg B r¢selifleanT i0ked in Figure 8B) control five distinct
functidhs as follows: MCRL 8 bit O is a flag bit enabling selection of the
Li near ExMertinedtalysdiog'siss g PE8BMur e (LEAF). When the bit is on (bit = 1),

operation of the IRV\C bits is modified to facilitate control of LEAF
tus Register High 9 contains 15 bits (one bit of PSRH 9, bit 5, is not assigned) that

adapter | OQIect at any time, the state of certain portions of the logic as of the end of the last machine cycle.

’ 56 Specifically, PSRH 9 indicates the parlicular byte in which a parity check occurred, the conditions
generated by the last ALU 2 operation, and the multiplier 3 ("X") scaling and product carry for the two
previous products.
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to the processor. Bits 1 and 2 of MCRL 8 together provide a nmeans of

sel ecting the boundary between |I/O and data 40 nenory addresses within the
data address space of the processorEPOh@8208Bti on of an address relative to
t he- boundary specified by the 10S setting will be reflected to the
interface via the appropriate | RAC conbination (see Figure 15). MCRL 8 bits
3, 4 and 5 inffie Bﬁ&'ﬁ" 30 JUBD IWFW“@%W'HQ“#W"W@W tPﬁ'P'E’&""Bn i nconi n%

i nstructi on@‘eéFaF"&fd'érftéc??&%q f@? op Byigy and, 5@; ‘F‘ST 45
MCRL 8 bi ti;fe FRRH 97"%{‘%%958*&1 ¥ @8?1’(%* ] !AB%P‘??é‘P'ezP ﬁ’?‘?f&‘&‘gért??‘ 9(5); s
I ni t [ at ed

ver The

Bits ecfaﬁs'e @g ga'uea?sgé % %sl § klﬁg% PEF @

mutltiplier l) P rou -resultin can be
[ nterruptsep(;%éfggg f ﬁs “ ,ebn CE
level is s é? Flghzse )é{eﬁ Vg}mou #oﬁgaﬂb{?vﬁr%ﬁ
(flag = 0) . Q' ct 514 é’I era béqg‘eleaeatay%e ALU
Regi St er soH Qhy- %%@'mﬁh& rhbl&t&th@%?ﬁ‘pr&&u&vm nBeQ' nsbé 5, is not
assi gned)  t habsrehloRE1s thidkigh2 T8/ tohdtHEe with BiEs ssr@eﬁremefmas&r doPkehirgQRd la8E BberkaR.
| ogi ¢ as ofpgrites BElBS] confas tha Sign BRASNALO Y8BT 6perab® whilkasits fi1 thiduby15 re¥eidHh®resutt
I ndi cat es tdichest domplithiivh pbritirBed by thALDIR (Ristpeduit bign if) astdoupaicinocad p, didye
conditions generated by the |ast ALU 2 operation, and the nultiplier 3
(" X" N_gcal | Maphias Statps Bebistdr Lo (PSRLY or t he two previ ous products. 10 EP O
198 216 B1 All the PSRH bits are sunmarized in Figure 9A Fromthat summary
note the fol | énindigatedinFigureate thef meanings: assigned sk thadPSRb P bith depend erewhather PERk ¢ sn
byt es and th6i9teRg oCmten Wpased)ghciually, K88 Y sener eepeideredite, beyarrBspifegistenipat ganbe read
parity cpoecl(lés 6‘(989(]185'““?4 °\/\i‘ F‘Pcktiég‘ﬁ?f)s g‘feﬁi'ye bt‘tdt EP@t"@r'Pﬁdﬁ‘e °'P'¥ 8\’ﬁ“P’SP&‘T‘°9f°W i‘3?,'PP'ex
byte(s) Tai

p&r i cat.i On
g o £ a°‘"3""vraﬁ? st § et sfemor e
E'reéf)azglt 2?;@113?.3 a,,ab"lg Eq L EE,J s ﬂpﬁ ged g wﬁemp iz‘ | "y@gt&an
proper | yadd .dgggt n$nc ,".. ., 6 t e an
8 tf 2 fbtdc

bit 7 (N é‘ e,
unconpl et'e ﬂ‘ee{srtae ki &%uﬁkﬁﬁp Pl b e
product segmeen to PERICS ik ORBaddd” Gitednl What Betudn h@ae.emna%rcaﬁtémfowm Jidcad?&
sel ect ed asastdianptittd tdinerdgt Yoritrdi: logld €7 dUht¥vbreled lab inBic6U R |t KRttéri O FigUAs SE5. NBEeCt
when the priagluet PSH. wie@imab Skl tel 16%itd do besonsi@Hiedld tive G0t BGrtroMBytes, dib tfor Bach
cont\ain sanf @oupBiF FoNMBEURE SigitisNThebdBvo lgachips dintainGEadoatidisOiar sigR@RIbcEivedl dn this vBShe-
cont ai ns t heharsd prerradt sigtetinp@s18. ALU "B" operand, while bits 11 through 15
refl ect the r Wit eachf greupecohtes byte divgplast dour bits gpevefas rindivitiugl \addrbss bitg; Uhep firgt] three bits
resul t si grrebrpsent dommandsumapmay ke igshed to one ¢ masq indiyiduals i the\tyowp. Rits g 11 of the PSAL
Regi ster Lowq Psmyn%bb "PAWRC ande ®RPR" Pﬁﬁmoé’e%"d tThethrRe gAPfegs's 2hatsag Be ipsyed atehe
PSRL 9 bfa sndiesfse by bitrpsipllettier PSRL 9 i s bein read or witten (loade %
Actual |y, PSRRI QBN (gieen Kfrrapsgs F'Pd"‘?'ﬂ‘ |%)E"*’i&?f" &Pt s‘?"(gg‘% Pethe oy d"(’f%?ﬁ, 1o Road
(its contenf®t rﬁf?){i}’d‘ ‘P'd‘ %Feg t"h‘é‘i?’“?%’@ﬂ Wity '70'71F*}“é‘i§t"l‘%/"‘a iq it dropp ‘B‘B"'I HRAEY" o

only througrli)r
oo i ﬁ% ir@eséﬁg'"sé*s d :Ta S e S,
of these %‘\@ dt o errup Si gna etec
and will errmrﬁb frﬁ«h m&a;renexuae rgtgh | p%sﬁty'f&ea eQJl) LHRE cRbRNRS inbAEb Remd tatches
interrupt | QbGRbdiny hé Raf addtiRl BRY folbb 811 fhel iErrupD EibrP PN & ﬂgoslmemwmmrav
address is fgradeshmdili @xdcitBs & Bl ittt lohip o AdBe QI BinfREEHNAdIRY tHintoladR)scan lcREICSt Dt
menory | & CiSof GRéCuRhSSInddGniy oné oF the fburl ifte®upb BifnaBlis scafMt abd Ghe& itUdll BOnedestiiRlo
W ite instrexetutOnunconsEditive ST + bammands\inthe SRine Qinpis addrasd, bit det)rie bidecostedt i
st andi ng of potekity of abiagle spetitc iptemgbt signal. n har dwar e (ot hers can be pendi ng by
programi ng) . i\Weerihanipee PSR th@e camtignd diticiel $ot (nihe samegyoup.\ieeftlioning willltakg placgppens
I's that theThoditRenmaanst bitGiBalgays sause @ sisercagticrgegardissn pfuthat atner prsmand bitsr apet and
cont rol Poghe FRG camvernd it evepides S Tascdmmidat ed in the bottom of Figure 8B.
Note that the PSRL wite format calls for the 16 bits to be considered as
two 8-bit cltupton Pipghinieg andPrauenging Eatm' 30 group of four |nterrupt SI gnal s
These two gr;fgﬁls cont al n,the control s for SI é?srg)recm ved on th -

shared interr ﬁ rr" 'g%ﬁ i rgﬁé‘a nd %W&gwﬁ%dgégois%at ao
four bit§ accessed. In or o unders ndgs%f z c%r?nfr; xmeg oP sequen 1 |s n%scé;s? first understand

something about instruction pipslining in the processor, so that will be dlscussed first.

9 is rea?
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repr ésent :commands that nmay be issued to one or nore indi vi dual S in the
group. Bits 3 and 11 of the PSRL wite format enable "POAR' and "PROR
resets to be found. The three comERIt821&BIcan be i ssued are 35 indicated
by bits as follows: The "CLR' (clear) bit causes the interrupt nenory

| at ches s ecifie,d y the four address bits to be reset. G oup 1 CLR used in
conj unct i '??'Qﬁ PHopRP#R auses the machi nesto exit from elther a "Power"

s e e o e e LB
ité éS’

PLF B E .Jﬁ
PQAR and IQwMny g‘d ﬂstru ﬁw beir%rexe u{egcﬂﬁﬁ&ﬁlctloﬁseé%eptct% ﬂaﬁdh r%tru H?s
"TST +" (5Lal bb Wb&H tiéRfor %cﬂnF@{hreQ a%ﬁuhé Hock Rciés fo HocoHPI B exBARMES %o&dﬂ%e
i nterrupt egm&ml,@&@mﬁm yeid. e four addr ess bits to be set if

t he interr uphe aclBathre RPha pipbiiie I.sssuaomhttalnw&tmdm{ BairdgTatbhedlienbt Avisltlst 1o tHeQawsNd
execut 86 lobic ©Rthe afakitel AR iMsiuctidherir EcnfeSs vieible Pily SRGNINE Plakdd ih 8 msblictibd Beds Can
cl ock at Réystet JIDR] i19rat 16 eBK BICtHE Feth. cySb.MEaeh dEtrugticdrietciell fioleprégpani storat 20ris it
si gnal s i placsdanthe tistattion Detaie RegisteryiDR) 19 e nove inetastonys ibaied nADMB en éahi tiock (rise)
consecut i timee. TST+ commands (with the sane single address bit set) in order
to test the lnstuctienstip IR aw examined ahdacpded gn idatoderrlogic 2% idyyinalthe maching raycle thah
one &f /1 hiellawseedtthe msvitg e lesidedsinto sherxecuterRegisier 22AF¢R) gt tbapext elopk (s8] tmeni ng wi | |

t ake pl ace: BrnghegialRo cenviimaep mpchingjdyele far\ipstractiom feich aad @recdacodediduting e §eaotd ess
of what ofA®YNe CEHMRHINGIARS!GAs loaded with fyg biagch-y address (Rssipfag e Brapchds ke atdbe o
TST + c onPhgf the Seropq eyele; i additions ’Iafﬁwﬁ'a agliop oy ATy e td eyrcle phaBgeer al
term’ seqF&p F/Bg%g)r&q:gco trol logic" is used here to denote the |ogic used

ajuon . .
to sb,guen 88T instructions, to cause branches and int errupts,

and to deco%aé&‘@' E‘EBH nelnh%ﬁ tiéf?n dQﬁEedmﬁéco@Jr &1 %%%%&Ppoﬂioﬁoﬂﬁa@ﬁu&tru

under st angl3ig, aRANBE GEN) Wddor 1k, 3 1BRS BRE bokel 4 g I St
under st angle %&n%mtm %m lmss‘ﬁamaﬁaf e u)mﬂwgg bddoded fasRh&HnES Bifire 16)@nd hat
Wi || bes ding ebifisicor fine" spboified Index rebikteO(Rd, I, SLERYDE a HiBad! Jaf! MhEClobuIds iRisahiidngs The
pref er r edeithiondi WRiddiately, bd mafe chisé b BE BRRMSALEIBA, fok &L Ib4ABd MtoRd Coremdrimaiess ed
schenat i cBhd Begistdr {CABHY Fat Ihb)samd tiad ths Secodd indtilitiof) aasodiatdd Wit it iDD&Ied Ml thelBletuwdé | S
bei ng f et Bégstbr f220EXR)NFhe chirtelts rof TABR & tahithed Hehgatadrie WeOCHB ¥ doringl @baiiadof the

i nstruct i bstructonlire EXRY22leahi@ABR § tonkx betusaires (anaddress svists Oonradnotidepebsrd tor
addressy adcessraBAM 24 lbcationeydipsecnontontdreil pe plededws CPBdecoded i nstruction i s bei ng
execut ed. AlWhep thetADRCEENbarision thie bged tq faen By ardrsbs, theddiliantcam besforceds toyhe|cjreufpe on
seen) thepnefeh pmhtesqmtwbbqumaé@ qeptratiochley MERIER b lﬂ- tandd5rieee FigureBa) Jhis aparrech
execut e, | 'FRIBNEHNG FEsulas adering dolyesisalectively, jnhibfing: ¢apry; PFOPagationdn theADD GEN adder o
The ar chi {4 CPK RoRgpationgande fbioftegeat the *olpwdng Roffls s ShPwnis e BEPPBIA%bei ng f et ched
is not ®¥visible" to the control 10 logic of the machine. An instruction
first becones visible only after it is placed in the Instruction Decode
Regi ster (IDR) 19 at the end of the fetch cycle. Each instruction fetched
fromprogramstore 20 is first placed in the Instruction Decode Register

(1 DR9; a newinstruction is |oaded into | DR on each clock (rise) tine.
Instructions in I DR are. exam ned and decoded in decoder logic 21 during the
machi ne cycle that 15 follows and the results are | oaded into the Execute
Regi ster 22 (EXR) at the next clock (rise) tinme. Branches also require one
machi ne cycle for instruction fetch and are decoded during the second

machi nescycle, but the AR 16 is |oaded with the branch-to address
(assuming the branch is taken) at the end of the second cycle. No

addi tional hardware action occurs normally on the third cycle of a Branch.
20 Address/ Operand Formation While an instruction in IDR 19 is being
decoded in decoder 21, the operand portion of that instruction, if there is
one, |$operated on by the Address Generate (ADD GEN) adder 14. The inputs
to this adder 14 are the operand bits selected fromthe particul ar
instructioN (In IDR) being decoded (as shown in Figure 19) and 25 the
contents of the specified index register (RO R4, or ILR) or a forced zero.
The result of this addition Is either used i mediately, as in the case of
the Branch instruction, or is |oaded into the Comon Address Bus Regi ster
(CABR) 5 at the sane tine the decode instruction associated with it is

| oaded into the Execute Register 22 (EXR). The contents of CABR 5 can then
be gated to the CDB 4 during execution of the instruction in EXR 22 or the
CABR 5 contents be used as an address, 1¥i a the Common Address Bus 23 to



30 dccess a RAM 24 | ocation whose contents will be placed on CDB 4. Wen
the ADD GEN adder 14 is used to forman address, the addition can be forced
to be circular on one of eight sel gp edop2tgwari es controlled by MCRH 8
bits 12, 14 and 15 (see Figure 8A). This approach to inplenenting circular
i ndexi ng I nvolves selectively inhibiting carry propagation In the ADD GEN
adder 14. Carry propagation can be inhidygrg gat the fol |l owing points as
shown in the table below. 35 40 45 50 55712 EP 0198 216 Bl TABLE A 5
MCRH Bits

Resul ti nbg AgibreISS @dnrey at or Action MRiegwl ¥ty ess 13
14 15 :

Comput ation 10 0 o Addyess Generafor Ag 1'?1yon| nhi bi tMo%%lco Address
-0 0O 13114 15 Inhibit carry from bit 09 to Computat:.on

32 bit 08. 15 O 1 0 Inhibit .carry from bit 08 to
64 bit Qg. O 1 1 Inhibit carry frombit 07 to

128 20 o o0 0 No canyy imelbit ocgurs. T nhi bi t
carry fromg bifg 0§ to Inhlblt carry frathdt toPSko 1 032 1
Inhibit carry from bit to 512 25

bit 04. 1 1 0 1t quhlblt carry from bit 04 to

102430 #it 03. 11 0 1  1Inhibit cardynhfiim biwr0§ tdrom bit6403 to

2048 bit 02. 35 In all casgés t(p}e i ndex control field of an instruction
(I'X) specifies the index action (see Figure 19). The index control |ogic
decodes | X #nd denerlat es arrdpilridpreaney chrony biki®7ttaignal . 128 additi on,
the | ogic causes the sel ectjign ¢f the contents of RO, R4, the | LR register
or Zzgro s the addend to the operand val ue. | nstruction ggjgnci ng Logic

In the prefédrred enthdi nentInhiRilRAEEE Ho‘ﬂh'él?n%rﬁ‘atl on t®°Be fetched
is always contained in the gistgsicti on Address Register (1AR) 16. As shown
in the bl ock diagram (Figur the |AR 16 o] sel ec l e i nputs
to estabelsisﬁthgtpne;?[ i nstr %%%ta%gsgrﬁ‘ﬂag%)%tgétégf a" Ei’}? adder 25,
t hat al ways produces an adobEBsMaqual to the last AR 16 contents plus 1,
is selected as t next 1 AR tggegyenti a structlon
is to be fetlghe from prograr;l[nl"?'1 ore 3%@Tﬁ%&gu?gﬁtogfg§he Adg?ggs Generate
(ADD GEN) Adder 14 is selected as the AR 16 i nput when a direct 50 branch
is execuped. The contents of the Comrmon Data Bus 4 (CDB) is selected as | AR
16 input when an indirect brangfyd gfxecuted. When an |nterrupt service
routine is initiated, the interrupt control logic 17 wi provi de *Q
appropriate intdrrupt erftry addmisidbity Wﬁcﬁa@éﬂ“lbﬂtfo %AF?%G | 12
generates the correct entry adgsigses, for "Power" 55 and "Processor" reset
routi ness

- ]
In all cases, the index control field of an instruction (IX) specifies the index action (see Figure 19). The
index control logic decodes X and generates an appropriate carry inhibit signal. In addition, the logic
b causes the selection of the contents of RO, R4, the ILR register or zero as the addend to the operand value.

Instruction Sequencing Logic

In the preferred embodiment, the address of the instruction to be fetched is always contained in the
Instruction Address Register {(IAR) 16. As shown in the block diagram (Figure 1), the IAR 16 has four
45 selectable inputs to establish the next instruction address.
The output of a "+ 1" adder 25, that always produces an address equal to the last AR 16 contents plus
1, is selected as the next IAR 18 input when the next sequential instruction is to be fetched from program
store 20.
The output of the Address Generate (ADD GEN) Adder 14 is selected as the AR 16 input when a direct
50 branch is executed.
The contents of the Common Data Bus 4 (CDB) is selected as IAR 16 input when an indirect branch is
executed.
When an interrupt service routine is initiated, the mterrupt control Ioglc 17 will provide the appropriate
interrupt entry address to be placed into IAR 16. It also generates the correct entry addresses for "Power"
55 and "Processor" reset routines.
In normal, non-branch, non-interrupt operation of the sequencer, the contents of the Instruction Address
Register (IAR) 16 is placed on the Instruction Address Bus (IAB) where it is used by program storage 20
and simultaneously by the +1 adder 25. Then, while instruction N is being fetched from program storage
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I n nérmal ; non-branch, non-interrupt operation of the sequencer, the
contents of the Instruction Address Register (IAR) 16 is placed on the

I nstruction Address Bus (| AB) wheEP @ 198216 BJed by program storage 20 and
simul t aneously by the + 1 adder 25. Then, while instruction N Is being
fetched from program storage 13 EP 0 198 216 Bl 20, a value N +1 is
formed by2% Revdugshif1dt fagRet By, Hei in % ‘lP" uniipgy & 1)pagiderc25, Finglly, a’af'°‘i!‘|‘{5‘?,‘i<‘”f‘?'}re
when i nstE E’P‘Pg'r;.“P @#;P%dl“ﬁ%ﬁ'ééi‘si“ﬁ“%‘ Q‘F‘Ph@ﬂ) & "Bé}‘?‘dd}?" iof copnd valyq, Nyt 1

the new i ;‘IthaJAH ded_at clo antﬁ % Eé co ntsgpé? tp%? e
of a br a”&*}h ?’gﬁgasg'&:g% ]54 Eeicﬁ)cicgegls %‘ %iﬁrw cf er li ram bi’m%xzjuted is of WOT | ed

cont ents orce 1Is con

Rire

by whet her { anﬁ(%BEge h 4 pro so‘?bibél@&ag?afm{ EIJer od #Afput The

Instructi @i {hbl %uéﬁxﬁ'efns ﬁeﬁ%ﬁ |L$( 8\\hs! it i ?cd?u{ai?ﬁﬂé%&'ir E%‘i&%ﬁ&ﬂ

(Fi gure Lischeth@s inskction i e DRI KIS hhARs diok dhigSthdRARS id ﬁﬁou iRk whdh the-

15 runsg proceBéor@wiehdsd thd iBfegloliR" aigd iesehvicd fan InfRuptarhbs, WRGH dnlitériupins fs&&&b&ﬁb

(t he i nst nRabiWANstdp) conkbimingAS) will Be sdébtsabséd&awytdaeapsﬂoﬂﬁ{é rekinin \addrgisstthte canlfd udld i S

control | egs & @rdncic Mostifiefion. tARD, WO vafistior BSHO oAyl brarts Snstractibr Geé Figine 08) @Hind "the

state to Yenyouwnd" atateitnbe forasptand AW 15\keBbeaused fot retain Lpbtuinsaddessvinderctonditioes | LR

15 wi || sothg thag nterrapts i The ILRAS williunbckhessveanit is adoesserliasranlindex @gistasppr opri at e

ret ukp/eddr ess that can be used as a branch destination. Al so, two

var| et i esThefinterrupt Architegjure br anch i nstruction (see Figure 5) cause the
"foreground” state to be forced and the ILR 15 can be used to retain a

return addr 8% infayyeirlogicpfoihe P@f‘i’é’e‘bf"ﬁ@""‘t‘*ﬁ‘a’f'ﬁslW?‘éf’?s@ﬂ?dsw'“ﬂwe HaE‘F&"qE?“W“F"F fn

unl ock wh®ife.\ st the fipxdbility of user prpgramming to yadqty pf intqrrpt gtyptures jg provided. K,

el Shed Qw5 B Profh 2 T TR P ronis o

user programn ng to inplement a variety of Interrupt structures is

provi ded. | evel pyram dal interrupt structure is

desi reg, F'erf%agﬁaqgte ﬁtﬁ%@ﬁ g{}s %?r(ﬁ)%"ﬁamﬂ ng. Secondly, the total anount of

l'ogi ¢ requi FRg plbRrdd BhbRERBM ihpkntdnts W Hafve WRSup SrBS CordRsiEseséiR iparksahal bioVigd ¥

smal | . TheyoNabrupBielelt! @ligaBhckgtbind € bidf ‘Coréidind™t aiRLRNRARkSpiL e HagerBd 6 SadiRily

enbodi mengenbiaidh QFREN Shddermishhbielsa in RicRds b 1Sl ifteredpt! fofic. FRAAMY iftornghtsSRY SrddedHAN T S

t hat pr oveddBled, \Wortiditor priokify tiseb Figare 231 Whbrtitterripl edtadespink fordig intdr@ptele Ptotedsing

| ndiNw daralevel RiviehésUpds "tatigrouid"ge) eiegroling” aixd he I 16yis (recee e bre Bitetring lPalS addreds

r emenber ecomnienbugate withsthavintehup levél ¢o bendepdced The instgpction fdehad] justridmé @kingipt isteraupt

ser vi ced, islffrecednablecute as aINQ? Wepmpensgly fodingtrugtiof pipeling-effpots.crh23 expiihedatemt er r upt

servi ce beguVmw @9ctlm$yof llagicewithinhe pro¢rssop car bss islpntified3i0 Fidutsybs suppertinigethe fiatiom
backgrouﬁ&"""ﬂfé"c"ﬁe@#'fé his inptpde B dellewieg: | AR 16 is forced to an |nterrupt entry

addr es€® conhéhe lﬁ’PHt'Ré W Lajehes) a4 1P| 'Et"q @\? éf“- 196’“%88 tough 1519 remembper pending

i nst ructi on"PEPEN & FP& Y'B g;%’;ﬁedt ER aﬁ%{ é‘% :egi"bzef"t?fa%@ldesl"b Nato dhelyt e
as a NOP to n L ped
Fros ] 'ﬁég‘, ﬁ?;sw; I BEEM?%:" ol ;1?‘?,55 bl %acveﬁ'ﬁe i ﬁgﬁc 8 g N o
fol I ow me gBﬁrXant@tuﬁJ?r‘ﬁ eﬂf dargl {%%Wﬁsﬁn‘?ad' nE'thE% 9

bi ts 08 thr f% ik ﬁu,ft%sm @rbegfhﬁ &dol ddi o &brch NOPY fidgftdtor (B0

servi ced, :h?nghu@ﬁ%at‘éﬂfs&@tﬁ@%tﬁ:bﬁw jJsQ:r& &ng? @y mierrﬁﬁlid/éxﬁ&:% dsa Nogeset . Note that
when an interrupt is pending at sone |eve no other Interrupt -at that

| evel a&inNGRe NGOG Seicel Priofity The i nt er r upt mask bits contained in MCRL 8
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of interrupt handling schenes. Sone exanples are: 1. First, the native
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45 The Load Inmediate Instructions (LIL, LIR) The LIL and LIR instructions
(opcodes 0000 and 0001) will cause an i medi ate operand to be |oaded into a
regi ster on the left or right side eFotde21Brk 1. The instruction fornat
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operand bit in the LI format, is used as the high-order bit of the SD field

(SDOY_i reot HBe Bgadnsiryrlion ) i on al | ovvi ng conpl ete specr ficati on of the
destlnatlonr |ster onthe ‘e 01 hsdecc)’{ a' . Te
operand of ecr ﬂ) ao e ure e‘h q mn é\k m?géy sré

addr ess: THES e ﬁ::ré‘e Yo E,éﬂgi gL 'rr,t %?EE‘C'

added to tlﬂ ;5’ ' fgjg’%

25 W
speci f i €0 taéihtr 4 8o .rgan&s.r o i '32‘& B ot ]
placed in d reld %ﬁ&dd@é‘zér ?ﬁeQ R fr R ADBVEEN Biiel 145th e GldePbipe&a by
phase. As iHadk &Rd RAhd iRstibidh (Be Flaure BNERIRICHN bt 1S feb bidRbd InEABRCASL the end of the
I NSt ructi oRedody pla¥s:s pl aci ng the contents of 15 CABR 5 onto the Conmon
Addhess gus ADurikg\Bp eRétulolPhbse] the @oritenicof (CABH 50i8 pRbedadhCihe Somméty Adtirdsh @us RACAER 4
or menory Reaapa&dvill beQlséd\Vid dn)addresatily @ithet RAM 28 or @1/Q dunied iThd datDP ®b atockd islalea frim om
t hi s addr esi® dtack il rogistat spexified GpBre4SGifield picthd Inetruetiopc THeccoptaats ef the dpdcifiecditedistemis 0
t he dest i naeleatad aptocthek CMIBY BUS 8 1and thbrepa8dds viad driverf 13t(bee Figuret 1).0¢ the GRB Ipdidhe ¢lack
the regi st dmnsiicul psiing)thegexeeutrophesey Bt GDBahenntenta is leaded inty teacdastinetiqpraddress prespt on
St ore | 8t thecGommen Adrgss Bya23fMF-e i nstruction (opcode 0011) pernits the
contents of any stack 1 rsg‘:'ster to be noved into a specified RAM 24

| ocati on. Kﬁep?ftﬂ'l"ﬁ'?f%'a“q‘r‘f‘ G ECL, the format of the |nstruct|on i's very

simlar tot qn b inshE.u ferera o?t f
gﬁgoﬁst ag FS hegte%ﬂrlm %8?‘:%[ 51{9 ﬁon to ’?‘2?5 J bit 5 (%‘t%: %ngg
decode act iggy] i FEL : %?a $in! §Je2b? (? ' 'dﬁp ,,m:. ‘?ﬁ)@“ r‘hose or t -

The cont ent S ke 40 fllsdmé SHD th8 RRE Bl 18 fHe Uobdad ¢ ineeronaéiag
in the ADD O%Nnadder, Tk ib,Qnd Binch esteae ds@ibet SR Ide@ed ¥urihd!Rs dodordinteBhindlcybiBe

I nstructjsonrnd &@@t&a@%@lo&uanﬁﬁcﬂuﬁ(ﬁnghmt cedd the result placed in CABR 5 at
the end of t hmed@adns erapdhaBfdition Gignals destiibbd Fidufd 1BXRL gnerapdh 8a8 ALY Reomiiohscthdt S
of CABR 5 ipgeviil wiee thettiantih ixstfiomnteneciidel be fisthdSeese 4f ErapaBpn-Bitenaehol dtata\bf dn iMslvidud ed
as an addr éfonithe GDB. [The défsidn 20! branchaon nbt/i habed b Ehot" Tdonditibas that exishwithint the méaching

t aken fromduiing e ectnd Lydlegitet ance meloinfhutiatedtpndiiens. Sonsequshiey, the braheh condition used

| nst r uctdeomusTecthe tsulieat s ingtfuctidndhat jsdw its thigchmachine (presute) eycle @t e same timertoe Branch
CMUX BUS 6 isinds sdsend qyelesed, via a driver 13 (see Fi gurg}m) to the CDB 4.

At the clock Thezmespisiagioneoh e Ganditionsl Braaeh raa by pillerdirestiop indiress. For dhiymaghine, g direct

| oaded i nt dranpfeisietiep pataging éﬂ?d‘t@s@a‘b pddsp At °'6PP‘ :?59"“3{ oo %Fﬁ%w 29 idlizect brapeh
23 CAB. The&ctonrsideingsap laading, the GO # cqetprts, iyt l;lr e% itihe, brageh, peogttions

i nstructfo rfpil 2‘38@%"%‘&)5’9‘ Bfr%t“s‘ﬁﬁgm 2r9 Bot et %%%hed“? ﬂl"&"‘é °'] Teé%tt"igd’el n

“J

40 Fi gUI’ € nce oC H%n 0 rangh % % Hlb e Op’t Qséc l%
2-bit I X f
Sel Iect (BCII%%lr %ecﬂ%n ex F‘ﬁgg tr o act [ ohrs?mgr eogﬂﬁ | ze g'bon

Figure 19, the BCS codes in Fi gure 20, and Branch Types in Figure 4A



The Branch instruction, unlike all other types, executes at the end of what
Is the decode cycle for any other instruction. That is, the Branch can be
described as bei ng decoded duri ngEpPtesiggexiemd nuchi ne cycl e 45 and executed
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register .r%m, i uﬁ?&é\/{haﬁh Yt %cﬁ" d.viu@t cdilf?ol id? loBbntFUR c38eAis efihed M AEbIed N dnd
not used bygt eerdddl ErRSthtids; it lig) nétbddary ¥B6 tivaro 2 okdcliy Khdt @yel dt insG&Bor Rebeing

stack 1 i npuAsideEso ﬁlﬁlﬂﬁd afctuﬁﬁheméd a pdﬁéu&r 010 800 ¥b dgpédigintetprééte stack 1 is
al ways directed to the unused input port. Bits 1, 2 and 3 of the LXC

I NSt r uctdsornndtiadnerPracespei FeatureeONpri se t he address of the stack 1 register
whose 5 contents will be accessed and gated to the CMUX BUS 6 during
executi on. ThB®seprédadiag ivoi sestiopy desgribe e éspentials bf Hé ptobessapipeietingfits cingling rageration
cannot contaad instruaonseBiinsecion dedOGith cetiain spagid] Ifadturag lobthe machine KQtErevieuey discussed) .
Thus, onl y iseddiipn, therspepiabipteriagesare descriped.4, 5, 6, or 7 can be accessed via the
"C outpiﬁt port_of the stack 1 in_an LXC# nstruction. As is evident in

Fi gure 18, Lé‘ﬁi’r?"@'f’d"f’l@éd@%%ﬁeﬁ_‘i@*ﬁ@truct i ons | rrpl i es one speC| fic register
for selection_to.the

i dentica The Line diogsh &‘ﬁ“i t ven mstrgg} a‘%‘%
Wldl | al slo %R }h"' Feﬁﬁlsow m@ 535 ¥t‘h b§
TR e R won

mul ti pl |55at3xt .
mstrgctloqfé a:?:p Z(%,jfgl%gwgf;ﬁg& ﬁla, nop'lsp eclfi c t to control cyc |ng

t he nultlpller prpeline; 1nste control of the nultlpller pipeline is

i nplied by the ALU 2 control function specified by the high-order bit
(FUNO of the FUN field. Thus, only ALU 2 function control codes of the
form LXXXX |nply mul tiplier 3 pipeline fdvement 15 in an LXC instruction.



Decode actions for the LXC instruction are identical to those of the STC
except, that the possible index control options are nore extensive. As
indicated in Figure 19, the I X fi EPd weéBati ons 00 and 01 designate a

| oad i medi ate execute action while the conbinations 10 and 11 designate a
| oad execute action. The difference is seen at decode tine to the extent

t hat the ThebERSAdagiler gnddnfgriagpsan | nmedi ate val ue differs from 20 that of

form ng an address. Each of these processes |Is defined in Fig
What ever t h@‘t?"ﬂecf pddregs greratiens arqpecomplighed bbfhethPéeﬁs?fd'éW"&'a‘d'P‘E I”"(‘Jhth?\}-‘f-‘t': glapter

pl aced | Qyavi h c ock traps tlon en gsge 4 istal dme
sarre tl SOI' vl gﬁ oF an “EI g n me
e W stg’ét"ﬁ iy vaé E"‘%ﬁg& T R,

cycle of I ONS rray

atlo
ol ace uheh f Foic adapte ki antrremﬁ N Pd R &
oper at '100anle Stﬂeqngttﬁ&foﬁtﬁ %érﬂsﬁrg&kq nb,CRol AE 16810 bRb @ndPHé signal S;AB)
and on 't Gnd fSideRdnt, RAsbOR coiRBbith Hin e Blidrdd8 Barisé, (BIRFARFIGHA DI RK B LEAORIAG )
during the @xX@mgb® cplition GREIR dMB! Adaherubion dadledsNdxndidh il @fichiomén Wih the
regi ster mécetésde cl ock transition ending the execute cycle. 2. If the

transfer i SFiaw|comal @paEAK iopdtatiohd\B @owdee td SheOLEAE ddbbiar 275 by drisard df Ghd FollowEgnmon
Addr &ss5 Bnterfa28 sigridls (sep EyBp 180 be used as an address by RAM 24 or |/O Data
resi di ng ati. LRRtefinebctheelbB holil laich steem be pl aced on the CDB 4 and gated to the
desi gnat ed 2dEBAC ginet the statecd) the Ferpgroud-Brekgroprddatel. ock transiti on endi ng t he
execut e cy@ &reg [RWG tnietfac BeaddiYrite Central( bitrcare] deqotiagilo jingigate digthe; custent itsiyugsian &
actions f orsequaetial k¢t & hyanch hast JepmtalgneNote fhatgBIYEroaptrol bilger degeded snanigisifioaty ned
for Lh#® ST BYHLRAF moprdses figugilf) er ence is that clocking of the nultiplier

pi peline |§\ g) ntrolled by the high-order FUN bit (FUNO 35 rather than an
MCRH 8 bifFARSPABY8d above. A gener al comrent about the corrpound

| nstructi On? Frr]n% ee Ly ||&| E sug gst; Loa lH: g 991§
STC ang LG, éii ig;s m WS LERF a f&? 'lo\éaa% lﬁj) E{; ‘ftpég &&i ti
i nstructig I’ egn uire: rbx&,r fot b %o%%ﬁéﬂml seduencd Snsibti Xf pﬂﬁ&l tﬁtld;nqalt)\riﬁ
options ftﬂ,r &al & m%nﬁf iteBxSErhridh InktRidon. WRHEHR lséduBite Qhe thinPbyid 16t dlidRded word
control s ighfsidBkieQBioR¥d ddaSteribdibiet viaUChdnPibn QABbsHus 09 (9B) danh@thwwa pRidest | n
ot her WOr§inditddEordien indRictichlUhen sl GASI2ERE ohierinlss adtSisel: ITASI hdnefaDiotEdf i saquéndelie s

f or \eagh ighi Sti nct FUN code conbination in the compound instructions. Note

that the default of each individual control for each FUN code is defined in
Tabl es S5Acathd 5B. When reading the tables, it is necessary to be aware of
exactly what type of instruction is being considered so that the action
def i ned f@nnditiorgidndireet Braaeh FUN code can be correctly interpreted. 45

Addi ti ®nal Processor Features The precedi ng two sect I ons descrl be t he
essential s &he sigesl fipwhetwepy thej weqeat?r ith °sa°b‘P'g‘ T i ‘U SYReE 9 pxigpfgd address

truct i 'BHUaens Is Yaiaied éfb’f'%?ﬂ‘tdé‘ opy e e grodyP
ey ne 'n;S e FLAREDE g en °w"ws %%ﬁ"te’f’&ﬁ“' wioggbcg?sav 'P%%F‘fdgcegef@"re

descwbed Fr?t e ?V.g o) 8t:rffanch Is ta SN ersn%t atolr'lI ke Sglﬁgléf ﬁf%tgarﬁarl‘ckﬂ%%@{ﬂﬁ glnded

Addr es& ng cF X Hé) : fr
the LEA bit, ro*?de Qytem ' ,sr&%tt &"Eot e rteﬁflddagét g7 s.tqtee
addr essabi |dok%ol?f«dér B RRRPSPT 10 be 55 exten ed an additional 8 bits.

The | ogic 1t s aGsHaR il Rgurd 14, 3 18X SoqGncd ﬁltrptﬁabrathoﬂeﬂt tatemtse@tatttaaateyemfhaan
externg ihdehiregthad) i ILodd/BUI (Brénck Coriditional with stye kiitefr GPE&BSO 0100, THIE = i 1M} RGdencE S
bet ween ti8ex¢iLe.ans adtual Ed bhbe IsadF1 aahipt & inflbfted ireadditibru Bt thébetidn ohth&-iBGUTe 12.
21 EP (bad/B8 sdidenttlis et fobiblenieht pthirectcBrahch ot @OT@u it oxfntiehabicicbsginic Here she
oper at i onBCScode Boelecti sosthee the byantthigtapmocessor in conjunction with the' LEAF
adapt er i n fhie fvoinsiustiongsemmyce &eculddds LeadBAU dBrpitobrand bink iadirest; Ortodei i @18, BTof
up to & brt1d), dwdiR 1506 locked td save tha dilyre sddrasgfor the Ataneh in edglition torthe actionrof theLPr@' ARO
and R4, oNOR fsdorgedoiocibe ingtructarfeliowiag the G-t esd/Rfih seqorncag| ere rusexizto prauide fhe branch
Adder 25 W lipkepshiliycte seripationspaiig Pfandedragdressifignal s Gy and LEAY respectively)
are provi defn gegerdiniie usg-nhtha CAB 23 dyfing Rrapchgs,ip ynigho o tha LEAR pede °935?H?"e§'§ means
conput at i BHSYEsIeah PMA MEmers 3ot et bscrsey it o9eadad 2pAPsS P8y nmt i on decoded
by the%_EAF adapter 27 directly fromthe high-order 13 bits of fetched

I nstructions, 10 including the instruction type, addressing register used
(none, RO, R4, ILR), branch type and the signal of the displacenent, is
used in conjunction with the address carries, LEAF and GY, to permt the

LEAF adapt er
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27 to conplete conmputation of 8-bit data and instruction address extensions
I n synchronismwith the processor. Flow control for LEAF operations is
provided to the LEAF adapter 27 by ERQA88 218 Bhe following 5 interface
signals (see Figure 13): 1. ILRE defines the ILR hold latch status. 2. FBAC
gi ves the ?tate of the Foreground-Background latch. 3. Three | RAC

(I nterface "8 ?’W’F’t‘é\cﬁ?ﬁwfgl( bits are decoded to indicate If the current

| nstruct I On l'ﬁle n lec tl al 19 IP Prt%ncr?rml Flebgegssérﬁtl)(r in n
G oG b DLl {t%n%%eo.

control

Figure 1 ) r to n nl ﬁils ’ofb E
such as { 9 Sl T ety Bty s r s
in the '—EAEe Gi:rrov%z atPﬂ‘-ne P&“é kiﬁdr Q\G‘pt olﬁég‘il:(‘ré‘éuﬁ&{ to oﬂ- ﬁﬁme?al 8t36iRotd AYst.

| oadi ng anF@&%amelam?ockaegraﬁ.efméﬁwatheasssetﬁm:mm of a two-instruction
sequence CONSng IPAMEncAbN 18 ichgedtbniod Fi thel frodeRsbr v 1w \WBskiabbrarith FeRuctich vafdibié BiPAWal
i ndi r ectso Bgdsreh, 1PA Hobd)Ghil BIRAWNBrdhch, NPA Wiies) UmMB BIRAH ingtrubtdh Ipdrmiity (o idtrudibre from
ext ended WpfogramSstdd 305 e treadtifie the Ploesss@d imehte) tegistefsqB5 SHdEMCRH 8) vihe@ iHeanthan be
Addr ess Bumaiiguldtédlds)datduh BIPGW iheruition calis@hiaacool a pdivef staditi 1rregidterdwithircthe processor

i nst ruct i ofRQ oxtfdand RS taGABvrRSn assandristnestiovi iste arspdcified ipstiuction kiere@@tneatish. f or m of
the sequence 30 is: Load Conditional Indirect Branch 35 The signal flow
bet wden ¥ h&PAdesd Osgdlionand t he adapter 27 for two types of extended address
I nstructions Is illustrated In Figure 13. In both cases, the Load

I nstruction finpdRA Feaddestrutian, BIFAR, causes e, sresific pxecyie actigps indicatad gn Figwre 4Bgio Jeke
Then, the PBF- 509 FIBAR geiuctoniisused ip G1odelioviam gy thinstioah ap [retyctinoyreadpreeiotiode =
0110, BT 01), causes two actions to take place: 40 1. In the first

pl aC\&r t*he by e OOt e peTTY Ty O T e Serect T om or tne orpnch
condi tion sej erAr code ([BGSti@cideh thd AhskRofePerfbrmeaditions fronjt he
precedi ng Lopd instructjion. 2. The thirq (high-order) byte of the extehded
address is p'esent ed tg the LEAF adapten 27 via the Conmon Address Bus

(CAB) 23, As|iNIustrat cBRAN@HgMBIeRﬁss 4 LBRan€T teqbBRBESE th the brafch
not taken Is to | 45 giggbers. If "a Load/ BCl

(Branch Cond tlﬁal W taéjx%ﬂol?e I n |teq %gﬁigﬁ E80§ % BT = 11) seqgugnce
i s execut ed, | tARDRESR1al| | oad of the stack L} Be@?@téﬁtﬁstpnﬁﬁbﬁf‘éd”‘?ﬁ

addi-tion to fheesaction jof . the BC. The LdadgBel sequence is used to
i npl'etfersd a Pirect Brarich or GOTO with dxtended addressing. Here the B§S
code is sel eCTeO™SO tHalr TNE prancmh 15 tarken. 11 TNe two-Tnstractron
sequence executed is Load/BALI (Branch and Link Indirect; Opcode = 0110, BT
50 = 11), WP?féAPE@FSEsihsaNﬁ??ﬁéﬁ*‘Q63‘@8‘%‘%'?%9%turn address for the branch

i n addi tion, teBfARs e vare fittonal Brang T”§"°f‘é?|°6% TB?ootﬂE |9?$F?§18?490'n

o e AR TR e e

use of the ?ﬂzﬁﬁy E Fhget b g 5 g P
this neans t ; a o is
ot g ot e b i

(1PA) The | NGnktBirdd ifftb MBRAB bAE gmg feature permts e processor
read and wi tfedd a:tmnesumﬁttw%mﬁbnab @5 fead BRd Ris aérkyOMgaaﬁéféreatwomh@mn 19 to
di agnost i C MORBIOS aKES RS &6t \Ite€hn \Weatreatad |ab Qotlentiot® rdgistot agta. ANt tiat0iBé) inswuidn’ 1@hd, 5
program t aiHoeghwt pdskedrthroughGhd IDEIt 19UIRGE BIDGthes tirBtrtions i@ notadatdded op&:@¢litein® ist arbly
al | ow t hss s noyqaidnto Hata (egistat space of éeiptbeesser. | Nstructi on store 20 and may be
contained in some formof ROS Such resident I/O control prograns can be
desi gned t éPAWdte iOderatioh| t he error checki ng and protocol logic required to
operate with a local or renote host. (Tzlure 14 is a block diagram of the
f1 ow pat hs asHedPAawel fupctien ip prvidachiy the RIRAYY, (P Writeh instryslioane Seasia! ingirectfaranch
pr ocessdf PP‘PPBt we &?l almbPﬁﬁé’PPel nsﬂl’UgYWcBh'"\FSF'P%ttPd‘ﬁ@’a"B] papertipy, foreesatie h,
| PA Read) éi?ﬂﬁe the) GoRampap O}T.@ 11{ED53,0p Rhasp 3o jig, exoryian r'fﬁ‘i'et Ryangh

i nstructi o re R5 struc{z: . The actions IPAW instruction are all summarized in Figure
o use the BIPA Write instruction, it is first necessary to put the instruction bits to be stored mto stack
1 registers RO or R4 and R5. Low-order bits of the insiruction to be written are placed in register RS; high-
65 order instruction bits and parity bits are placed in register RO or R4. A sequence of instructions, including
BIPAW and BIPAR is then used to write the insfruction bits from the stack 1 into instruction store 20 via the
CAB 23 and CDB 4. The instruction sequence for an IPA Write operation is given below:
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program store 20 to be read into the processor's internal registers (R5 and
MCRH 8) where it can then be mani pul ated as data. A Bl PAWIinstruction

causes data froma pair of stack EPr@I8R18EBL within the processor (RO or R4
and R5) to be witten as an instruction into a specified instruction store
20 location. 15 | PA Read Operation The I PA Read instruction, BlIPAR causes

the specififc EXecureyactons rmarcateay I rrgure B-ro—r'are—p'mg
Bl PAR i nst #&& &n i s |Jd&FHuetden f ol | oju n@qwftc?ql?fémmﬁﬁe an instrudtion

read oper ath=ofimeO-—tfii—== AT RS S
Per f orned 4 N BRANC-l %DRE . Branch _to
ADDRESS N+j§’ LOAEAADRRESN ntentg é?fct{*m%‘@sr@rzt%ﬁtﬁ%ss

| DR cont ent]®+1to R5 WANCIBH%Z(RM .| -#Branch to ADDRESS.Etc. 30 whgre

ADDRESS i s addr e4s; ructfon

vari ety of Eg Condi i on&l g&awl nst uctBlto'R%'opcogaE%' 8&%&# SI%'O BCS
code =185 |RPDRESSs ghown in Figure 4B] wiilih cecemeentsw $peciRdl andons to
occur on pHaggnthreejof its execution:11. The instruction fetched fro
ADDRESS (by a _branch}to ADDRESS) is fofjced to be decoded as a LOAD
| MVEDI ATE t18*3eqi sted *R5.c This causes $he BSr | ower bvtes of that
Instruction to be noved into R5 on the next cycle. 2. A special data signal
path\l_35 actlvat ed between the Instruction Decode Register 19 (IDR) and MCRH
8 40 (sB® én si t“%ﬂ?&'ﬁ“ﬂ?&%"mﬂ? 9?111“% F%eogéﬁ%q%ylp%%ggrmggtpl onu‘{g be
read and jt "{; ?é‘ r %
15. These't Y'F‘ﬁdg yiﬁh?\'"f"%ﬁ; QE% L‘sofﬁd %?E'L ngsl'f i ng
tran@;‘%r%’gi tgcpm 19: C IE c{n eqrgnte

conv e,h.rss.ha fm, & ob %&ﬁ ?\"L oo
passes ths,saug .4 ?au. utHlt plmcg Ewom Gd SRS viah ok
execut ed; pjd plus pBRY &b M orrm‘/ﬁsl te"GAB 'ﬂflerlﬁtgr'fais PoadRe Toftfol ﬁ?ﬁcg& ﬁstﬁé) r.

| PA Wi tee,@;ﬁg b6 thi e IPRAVAHY dah @cdubiNCt | ion is provided by the Bl (BI'PA
Wite) 24 NSt ITHE BIPARA insfucidak the lwrite bedueRdet prdverté kb instictidn AR fEwritter td gtruchbh stord) 1,
BCS code 20-frdml baipg ekbicttbd whén i6@Ubdde® intd Be IIDFS 1921 GistryttichDéitdrd e ,proceysbiedmdtifie
cont ent s waiitten @t MCR B akdbRIaBt dasdribee ICETRA Rdaa bperdBisabéve, CDB) on phase 3 of its
executi on ( 3RA Rdad itEWike apedtionssrae bausst etiethibxiéntded sddmsdingrigaturel (LEAR) Gbleatas Of
the BIPAWIinstruction are all sunmarizedsin Figure 4C. To use the BIPA
Wlt\e/lsmppmﬁtlcan It is first necessary to put the instruction bits to be
stored into stack 1 registers RO or R4 and R5. Low order bits of the

i nstructi on The Piseesifri Refrais cqrialn irawaEr] aichanplicglion: ReFamRisrs 19i kghmonigred g eayror con-

i nstructi PP"BlR“Ss"M '955i%% bits are placed in register RO or R4. A
sequence of' iR ?’ ®%:i ncl udi ng BIPAWand BIPAR is then used to wite
thelns""tructl ‘T"? he stack 1 into instruction store 20 via the CAB

23 and CDB 4 " r° ‘q"c on sequence for an | PA Wite operation is given
bel ow 23 2 ar PE( b&sf\R = I nstruction

Act i Per f Q) ty. th LOAD ADDRESS

Cont of oA ?,a,,"(y’b,ﬁpé R BIPAW Disp (R4) . Branch to

ADDRESS. RHy2of the above paran%kePsAan RETMB%(I from error checking by se@ﬁ@%apprﬁﬂlagmmu in
Wite | SmcOpits 3 NJ=ESee Figure 8B). contents
to R5  amheMaRMlid {NoBinhibited) error check occurs, the violation is stored in PSRH 9 bits lﬁttﬁroughher e
ADDRESS | ¢paifity) éolationtiags) and bittt8 (LU 2@mvértiowifag)t Tiermultiplier B besritvedig issiedyee frare the tblte
LOAD new eslorbéhin thapproduat registér RRCIBRANS/idlation tapseSarnkRER Diatba Idskas! afd Wagragedsor reset
provi des (FR@Rpd@edkss for the Indirect branch Bl PAW Since the address
source for tVYhen BIPRARAMY initiater thePRcapsortishiercgd D belfiNexaciiting ingtepctionsstasting at 8020 thex).
provi de t F® &eqessonresetoAisoRgsky rtheRZlSTf(‘ﬁPm émlslﬂg?sterc%ﬁ*ﬂ thug gnapling & diagnestic septine

Fi gure 19%caiaddn tha ERORprogram Jo Aeteraing rhatitei rrabloptiups by raminingdhn PAR-R copemipedie; o
f or ces ® hgcaigh plete &iflge ingiuciion ¥ara e A5 JIARNEEn taitP o Sorerdeby & epepiRla S load
entire i n9fG%i on to be witten, includi*fng its parity,

Parity
s  Parity checking in the processor is cofnplicated by pipeline effects and requires some special
consideration. Parity is assumed to be odd and is validated by one parity bit per information byte. Parity is

checked for the instruction store (three parity bits) when instructions are read. Data store and VO parity (two
parity bits) is checked for load instructions (when data store is read) and generated for external validation
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appears in' parallel at the output of the processor (two |lower bytes fromR5
via the CDB 4 and the upper byte plus parity fromRO or R4 via the CAB 23).
The Interface Read/ Wite Control (1 RO 198i2JA81s t he external menory that
the |PA Wite can occur. The BI PAR | nstructl onin the wite sequence
prevents the |nstruc i S ruct on stor

bei ng execu‘ﬁ Gﬁ' q hepn 6’\3 a'['t 91’ é %?%?“P%E%’?S‘ﬁe Bﬁltye?’ig“"

e ’%sé? ﬁ%
for

l P
erat ons no ar or al non-

oper & ?8?;0;5 gﬁ@ ﬁv. f‘f?"éﬁ i E 5
ext ended ;a 's"“ ta@omrcﬁ ﬁg ) oo %ﬁf ﬁra iR La ‘2%,2 ?ﬁa 50 S
pernits Cerg +afaon 5%&%@@ 3 auog éegf;», ot §H9
error con- glrhitsGRSiogid 18 %S@alﬁ&é&%b%{e%nﬁh@m }.ONn Par arre ers:

a. ALU overf!| Qen A\f

ROR d¥kird, 'aﬂiné{ést@\é@bfah%st i terrddﬁfeqx@ﬂee BasrédRy Plefpret dhe
I nstructi onvefiim stodd il BSRH & Aprbsess & olilRktRn ShrOthéh RAksbd b deBIEPif the dAbdkDlts (F3RH 9
Cc. 1/ 0 pari ity 3 ahdPin(Fgule AP doprdsiyit @ferehdt pafity BitLor [data AR Bdldiossan be i nhi bited
fromerror cheskictm gdayty shdckindiy ehdibBday MERL'8 it B aridrdpbries inBdpendetlyMbbd, PERIH B Will3
through 7; aways Fafigutie r8is)t of Mittethe dnstationcand Wath parithchistisesgigcified bp MCEBh @cdont@C bitsr3s ,
t he vi ol at i thieughs5 Figwee 8B)i Mhd>BRIMaDIngTuEon (patity rgecrgdtordcaf barvalidated iby| wsing aire Intliegls )
and bit 13 Rregran AcesseRA) eatufel ragylousiyT describad to tehsferran Sistoctionf with\quéstiengd baritlitoitive d
f r om Whe16i Tain data eathoef dhe Araressprevhgiecitimeticifreiiiestcen baysed ®. 'ﬂfwg'dwlb remautsrits parits e s
the PSR 9 to Bee s fables dalaw swemsrizgciee dermatiog clacediptRIPSAK ¢ &its 0\Vivevgha4 rcel

i s initiate@meitions,pt HGRL S sentiols apghingtugtion P88 gi n executi ng i nstructions
starting at 0020 (hex). The processor reset also | ocks the Instruction Link
Regi st er 15 (kh&lrﬁéﬂ&%rﬁ@abhtijlg a diagnostic routine located in the PROR
prog % deternine what the problemwas by exanining the PAR 9 contents.
and the 50 location of the failing instructi fromthe | LR 15. PROR C n
al so be forced by a speci IIPSF{“@HOQaHth'SYru Sh. C%‘F#Q%/ (MCRL Bitpg})

& P

checki ng i N e ProteSSor=rs uunpl rearetvY pl et-rre—ef-fett-s—aire—t eoror S
some speg all §RBEL dof e'gi p?ﬂ%{,kﬂe 2P RAMOR | pey ke halbaley by
one parity RQit per i t1on arltyls Checﬁ e Jnstructijon
store (threef_panty DItS) [when T nstructrons arg read. Data store and [/
parity (twojparity bits) isseherakeidyf ¥yiolatibr hstr deti pmsiywvdoldaien st ¢re
is read) and gegggated fo @xt@émlsl\eal bdgfaonl 24 in Bk EIR2801 L, for
store~ingtryctions (when . Parity | i daf ed
generating rjef erence pari r and corﬁ%rp\@é‘ it to th
parity bits a parity violations are
stored in PSRH 9 bits 3 and 4 for | oad operatlons as noted earlier. For all
non- | oad insér uct i q.Ip hosg at do not use the CDB 4 on the processor
interfac%”) th omﬂ?'b aoa‘f Pﬁe fht® nal data 5 bus parity generator, which
is normal |y used for validating load information and generating parity for
store operations, is storf@dTmTPSRT T DTS 3 and 4. saving tne refterenc '
parity generator outputs §n gi yal kgat ed usijng
t he fthyretic unit of fhe g?%ﬁ%ﬁeb%gﬁ éa&é@% rsr@fq?ﬂﬁe?ﬁa 4di Egms_u_g_-
program rnustf first interrpgate MCRL 8 to properl],/ interpret the results
stored in PYREnStr A Typece$sPafity iCheckt Epablexh t h@aribty WShebk dnbdbitled | f

the check bi -b-l-t-s-—e—a-n-el—As-r-n—Fr-g-m-e
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conbi natidns of MCRL 8 controls and instruction types: 20 | nstruction
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ecked gr recqrded at the same time for a ion: |s resul s i address locked in th
Parity Vi 9_1431&5' %curs being dtspl od. fo r'sth fa4éd instruction by a variable afn aDSRH
Bits 3 4dep@\£§ﬂgrl9|t e of failure. 'gw IP g Strate phenomenon assuming the _failed mstructio
50 was at addressN nt rnal et I'nt ef nal
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Phase=3%1 NFGICYEIEh SNy Rhaced—2

Phase 3 N1 20 Data-1/0 par| ty Phase 3+1
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sequences. Fns degarmbe of ILR 1516latve LRe GRsd iREBOSIohald D dods RN HIobIEN I Bbme AN
error 30 bacohuslitedgqedncesi Ednexaniplagin ke sByuefce SBRANGHA oDl dr BRARCHICOMPUIE Srest®r | N
t he “Rb 2Bcctikiag oni eithertief iGADEN COMPUTE pill 2saechnt dadvbssi it theilllA 25 tsasisificiantly distikicads S

I N t he BRGHWH tcord@man dddess$ mitha BRANOHGstregs. Tha fatliog adiizesel eanpotrhiervethrmiinedifrotmhtbe | LR
15 content8.15Tontentssure that errors can be traced to the fail ed address for
such sequenaesnsuméatmrree@swp theed to thecipiled tadéybes Prosuchy sequensces. dp Praesseon besi dHn

Li nk Cont peictaplp fegjure qalled lasiyugtipr inleGantiel (LG)a € spables 9g fypeepliity P fgroing aronigRs t o
36 be i*hsBS inggried e anyrdptagion RENNEHERMBRANGHKED kg it ‘eRifing sewenceshe

resul ti ng2e& f? es

n are as foI I QMBIR’ANI&ZI—I/ LOAD/ NCP/ NOP and _ _
Egﬁl\lu_'{_] . k gg‘jlﬂ ‘ / n %ckﬁagﬁ& %?étsi th t es ofl ?/ %1 IOH ‘LE is
BRAN 45_d§ kg g BRANC sequences sB?/uegcef oﬁ'ﬂ% of
MCRH 40 8 %E‘sﬂmlﬁ'il of‘ed%%} mvdnTed Q%ESL J?‘ihe%&\ﬁ pklf'ﬁﬁeré iﬂé( %ﬁhﬁéh ﬁﬁd&)&%&%ﬁn%ﬁ
t he abovecbiPEfe Y8 %t Brehtb & fi fogdabisd¥ie LAGS lsGiNAed Wh gﬁ%c&@or'?&%t deb@sit ©

a flow prebine MildPhasd 2Pa BRANGH. Rnid Tsirss hatisd1eal 153QBEMMEIa RqUohfie Bdfdds phoP obthe
occurs BRANCH path being taken. This is a normal function of the ILR 15 control and is independent of the ILC
45 bits in the MCR 8.

Diagnostic Application of Indirect Program Access (IPA)
The Indirect Program Access feature discussed previously permits instruction store to be loaded and
s0 read by the processor. As discussed, .;nis enables the arithmetic facilities of the processor to be used to
perform diagnostic checks (such as CRGCs) on programs in the instruction memory 20.
Data Memory and I/O interfaces
85 Data memory and 1O devices are attached to the processor via the external CDB 4 and addressed by
the CAB 23. /O devices are considered to in the same address space as data memory. /O address space

is selected to encompass one of four possible address ranges (0 to 31, 83, 127 or 255) by the 108 field of
MCRL 8 (see Figure 8B).
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