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EP 0111407B1 Descr,iption This invention relates to data processing systens,
and nore speC|f|caI ly to a system whi cBPpridvi4ae81for execution of nested
subroutines and interrupts. 5 The operations carried out in a data
processing system and the order in which they occur are determ ned by
means of a pro%‘?sﬁﬂ?mgtored in a menory. To alleviate the progranmer's
proble\m’of conpl (Ia.t ely specif each series of operations to be perforned
and to better ut| % cﬁ‘ e'ﬁ% t&ﬁ fP Fe€§"%"r3’3tﬁmﬂéf‘dam Pﬁ%@?ﬁ’f to acsdﬁ%ﬁh'cr‘ provides for
aested s é{l’psu mas in_one

functions whi ch 5%3/

operatlons carne oy sty Q are
utilized in Ottﬂ?erml ns of é H] Y Ea alle(\!/%a)\ee 1 rrEner ?fglym
be speci fi ed %mggéw Efea .J,&%cxﬁ;i’r ofo Jan,% k&dbeespe?foa% g@dﬂ%eoef?ru.l e%si Lails o a
Subr outi nes ey Hotihs 0 ST LG b fizod
trigonometric i Wmed profismdisb 'GQJaI Bﬁ%ﬁ éa%ﬁl corﬁrptm Qﬁ%nmwﬁbs spe gu t%mme which

rewrite thesandiRies Pleqdnes @t,,;splyg,gongever al tinmes, the programer rrer ely has -
to wite one set sghoulinds iy Bhbiu@iRsd foP a REMbR rommnqmﬁf.&.& | 1HNexaisle, Gfohonetric dunctions
nunber of ti Maging Thaiemalidal agbrx@ialidns.CREtRSH Uhdnl RGri8 Méll sbifes Of &bekﬂdn.%@@?ﬂ?&nﬁb@ the
function, suchréBantsimealy sl ARE Bnd e bahitRRiohDtolferiérehd BFkdleh Sidlvam i tal M bdr e
the digital dat@sphesesseautiieSe@Xafalia@.of 4 trigérSmétfid BRCHGO BIGE A6 ed3ine.fa®FanE@eration to
subrouti ne tso theddsin@subtobe irstiddigitat daraepracassarisiewctte. conpl ete its operation
When t hi s sit uat it nofles cenvenient bniplel solarbution © @it iasghes subobtineie odert tol com@alkel it gr®ration.
i . e., the nextWheddhie sitsationoorurs eorlicatiortsi ange sioderthauteture address ti.e b the e ragdfessrigm the
recal | ed by t Heangringsuprodiivegaust be Spersangittpdaliedttly gheedatd rrpaessery Toifs whitethe pidiciericy of the
programis enlperalbefo [§reaRanefid vy Pfogiingafona particeial fypction in ey ene Alage iritedatgrpeocessor, it
place in t h8 dapfen feupe eakipgfiiciengiestajsq ig calfingeand FeyHiHep Famaihe varianst subowines kot agrte Snae
in calling ancf°?3é‘{e[?P9?Fﬁ©d *faf@ﬁ'ieta%m\?@ﬁc%’ﬂ'éa"%‘ﬁbr outines both as to tine

consi Ger at | ons. gRSEPLS H?‘c?P'”%"E%\E’é"?"Ffﬁ‘Y"PSa‘P|aB‘?1§°m f‘i‘?’%‘i‘ﬂ?s barVP B?G"a’f vidod, One
nimer of S0l JEEGRPEE 0 et ﬂ*if‘gﬁb'"%*‘” Lol "6.01:;:.*::
lpr OV![ ded. t ngte c§n ms th re urn a F 8§ e r{eht ms?u%F {| i ?{‘8 ms Ctl ructlon 8h :
ocation to fu coll mrg tRusaenab oce orf %ntmue sequ i "°U eqP

subroutine i n%geg& el E Ael;e? i Eor

first location, s otr gfe{ﬁ Hidhe a%& b {: fes st}a e o o
(i.e., one ingig lé%rénﬂﬁb 9@5&1 AiatibALS b Myt B0 r'ﬁms shifoutifdCrecalls itself. These
subr out i ne) gt Nidssi@ gkl difin tal T?@ SdiReP1 %ﬁﬁao{o Jcﬁlexfé%ﬁw'd%ﬂepr&%% Lotk bithe HisRe

the program THyes W PEifcbioh &F Stklib RGN Yahh AL RN G Snstadtiehsl WierPine HRY Slbutine is
comon transf esifedGeHdt GMbafe idaRss bitihtddelOticroir@uctX HRd Main irdutideSs BdnkBifed to the first
advant ageous tstorbutiad\BéE6n. WpeR Ab fiesibbitagisaedallddbly ab iHBrBetiatd YOuting, i JA@reSithe next
subrout i ne whiihudtbn Ini ®eSntérthedidté r@tines 1sbirapsfériadcto the sotic @Eatisn irl &k | fidsd SpbrodtindTEtyis
be advant agsousstiolind he ofiginabdonentiras atrésoile whigsctad first subrswihé canTérars ¢ BOintemadiste esutine,
are difficult itzoachosewetto the snainputisssi bl e to achi eve with data processing
systens of the abdkie proggrsivg wystams uthichmekiiiti aclirstiop second whbtohtipatio jepalirtesafisst sgbrouties, an
nunber of i nstinstredtipromay. baprevidled keemdvie thet retyunpddyessitin @ spesifiedadtdragg Iqcation.alhp jiasisqubroutine
ting, the addrnstuctiont istthen silesed spriag teinglyder the taidrassi of thehepepifiidrstorgagtipdation; Although this
transf er r edt GYY9TR PeMitssene SuieulR togall qnetbertsiesprtinahe o hiave te) latter subrppting nestfad pagmit
recal l ed by af Haﬁ't""é’rcﬁ@B'F'ﬁ‘? SUbyqytine; th e sybsrauerdly pged dor ey FH‘é°°F@x?"e '?f§‘l¥"? [5’6’["?% jpestign
t he intermedi @t‘% ﬁ{ f"ﬁ ucf '%‘stafegF?&f"@ f ¥ e “?%9 éﬂe'“g °E &‘ Qprmory
subrout i ne thu pyige pre ge?l P cppl i " c'() g’lrl QIR Ipé°gram'
the first subf min co x ns | ea d eca s :ﬁ% gi structnon must rgdu |éd o agidress the
pP ca{tng gubr u?ne e(? f eproa81 E cgrﬁ?_ls rk lﬁf?) e as tthe
return to t Lol ‘f W TS s
or second SUbr OUAAo Sr Be L6 E gngf Efsgn &HQJs &én{"%can% 'R oHHoL AdrinGP¥e Purn
pr ovided to m%&ﬁ'egs of tl%t Hbi3utfd a { Bathe %vn@us Rx&du eheﬁ\ sfgsplﬁﬁigalo Qlctﬁé LButin I‘Eﬁ?anches
l'ast subrouti Rea igBsdnbiE teMbBryiRaticl SR oﬂl’e; ﬁre§901§ﬂls%§stérp hoWSVb e biferGRE £ 3Sint& 1o
the specifigd ypl Qi tehRRabdatdhs oMt D Whih ipRoviddd 108 1S LBMRAP QAT 5Sthd RJister and the
subroutine to realoly RIaRE e BENED Wi @his fypd of, dataOorbiaYshgt U@ oleddoin@E sEmedsTanE preious
nest, and per rprdblemspillstili dslitg i6 QUEDIcRIeREl BsthREIRKE o Rditdle REchS hEWS BB &N kliyoutkee dith a
for ot her pur posasent graferfedsalion @mBesiired. | ocat i on and several instructions
are required forAeachretas bélutign toethigl problencis dasd rgu iSh Batert Mo £8,908f797, e S'@atatPrpesging
| ocat i ons fssr Sgsterh UtiesgakntlliStocutnitnand iPogr BaseStadklig Nestap [Sabcodtipeshf Thistdata processing
control ci rcuisystgm hdsre midebprogrenme el stere ymit micic ergplee shie tsgaupneing 19t the gentrdl processing
because t he | agtsysierbr Thist Pystemi pratides deri the nesling ob subraytifie i peagrammed didthin gke firwarg Shat
proper nenory cPiEkttheoeenire stocsad . buy eoufnginies. ara peuelyf applicable | spftagsp poarens or firmware
beconmes nore cunbersone as the nunber of nesting | evels are increased.
Anot her type of data processing systemutiljzes vacant |ocations in nenory
for storing the return addresses of the subroutine or routine previously
w_._'l'_l;g_l_ﬁ'lt_l_n_s%gctlon of the subroutl ne branches to a designated
\marmry | ocat-1 on n order TO EXPrort tirs—system—Rewever—tuwo registers,
one a p0| nt er to 50 t he vacant menory I ocat | ons and anot her V\:hl ch pr OVI des

o Y b1 -,




e §
EPO 11'? 407 Bl m _Croprograns. The control store unit provides a branching
i croiinstruction to a mcroprogram subr gpty 11§ 46¢ @@ M crocommand for
enabliing the return address of the current operating mcroprogramroutine
to be stored. The microcommand al so enabl es a push down stack such that
previ ousl y st or egropegrams Tive cortpirstore gritpravideds Brasbiag anicRoindBucsh 6 @ViRcrédaygdne slproutine
one I\e»oel Uponvig e mpi¢retomgrancbfor eriablingrithe rretpan agdress of the rootiint tigeyatii@icprogram tréutihe to be
store ‘unit provétered The imicigrommpnidedisd ehablesenmisth tovg stacknsdch ittt eredsusly Gtogsal retarh ntidigpro-
return address @@ntagdresses asnmpted dowmpipeshed) hee ievel Hpahaampistion oktha mikrqorognain dabrodtine, the
to the currerft eaMERese H"ésgl"e‘#@ra brancht figldl fey\eaabiing a Mikigleser anestect theeletimzddressrcaitsjeest on
one | evel the pieimPalibe pusdpyetack adrqyida ddr e eusentiagdress cegintes v thfowpteraTae Rranch field
Interrupts are ?Jio aSﬁSﬁ"e'eb%fha VRS S1ored oty a¢dsepesdn haResh dewr ¥ghonsi ve to
event s t hat occq}r s’g‘B & §Id§tat"5’°?§§€9 éX%GéTqu BRkeot rasPRESIfY Bves thatheegw asyn-
asynchr onous  evefts 4 ;Zrﬁh 'éesﬁlﬁf °"I?5‘° ‘B’E@%Eﬁa}ﬁ gi yifihine da:ta
changes of st atp |nt ; tl a%g essm ?rg\g 1 iOl’ er:::oen'
exanpl e, by int e 1 {’19 &% & lntf)? rt ucrﬂ nte ups ca be usei??j&ﬁg 86 ?omple oFr?o an /0
device can si gn@pJeraB aJr as sté Fi g éry er!)r S |r§ casggi sn%groutghé i raits can divert the
processing SyStﬁEErarr&ﬂ&p agéjtﬂ uﬁerﬁ:ﬁt@ ggryﬁﬁ o .Jﬂ ru P£5Rf flch is
an |1/ 0 oper atg Oﬁ}oé?imrﬁedstb{ﬁﬁr%ré‘t e of %%hthﬁ%alﬁemm'ie{ "3k corhtotibd ot %eee % of the
of subrouti nes, infeiipEdridat rSutiféllhe téfﬁdf)ttsema@ radfifd Gl Balise U dallarbrd $soCt8 Adsurf execution’ of
interrupts, progsaagrhh avhd Gtueh éd@r(eés& t s sidled UpbShloHiPioS €r Vi Ce routine which
is 15 programed Dee Mmamed r sbirgtthenetu@iaded@ns tof 23&kn AN SRtich\@ithinthéddnBleach type of
Upon conpl eti Oﬁnt@ﬁup’t foe sedrgothid refufn Stfdrebd6F thé brograr [Mat S8 MieRebtddOUSingtRis miethBd, when the
i nt err upt Seeoviigterrupd sdrviceerons tis EpBRdt iheandaibal thé 0L PHEYssdr'd pfodRbNaBurtst ot the fixed
of the, progr am mémdriecatiet associaelicwithsspatticaltr tyymsof St@iupand Lignme iekeoation WPthb Program that
One h’ét hod f or was@xéchigngtibséprioe tothenocagteneesd tegntéraipaIiss gathéd has thel disadvantageghat interrupt
within nenory tgvisacutingspeangfot pastle shraggptonfnmon megmam mgtructies roetausenin st ds etwf to the
the program t haptewiredinRagsm. Ut 28evice Ryitingy M refriqye titteoititerrugh esturn h@fezﬁ) frpm tafixed, premory
servi ce rout Pndojaiondiavpiffers wigh eaeh ineaypt.r el oad the data processor's program
counter from the ficliegnvRIAS i Genstinggrterapt amadspssgs ishiognda MS: Belprd Not 4,348,983, for
i nterrupt and rgé'ﬁrfémému?\’s M tgving hentratized rNpRestPat Mamery Addesr Poiggtinisit Hjs isstem.
to the occurren"ff‘@hd‘fea' afﬂwé?er“ﬂ fupts 113} gtofiunt H‘Bd"‘ﬁé@”%@"ﬂ‘l‘"gﬁ(ﬂ’!}%‘ﬁf fhﬁgﬂ‘cmpm

interrupt servid r'iﬁ gress Js, stofedin éég‘?"f regﬁt(g? ‘g’ 9fs H and
because in orde "faL? '"teﬂ?tst %pe}‘l { 'Hp' |° f@ r{ﬂdé’ '°|’ ?ﬁ”f’ rvice
utme lnh| |t|n Se n lnterru |ns ?Tin ro ram r ur store n_the
nust retrieve tf S b Ll Qﬁ v#m o reee 2 LRGN Mroa
that differs chtV gcg ‘Ias :

J. r% inter ru ervuce
i nterrupt ret Uerut 5%§§§§orﬁr§on p%é% |h§ru§ro§ QIS@QI upt gor\;ég " rjés égsfb‘:e exetitiéh to
Processi ng SystigdintdaldiddOorbdrath bitkdicatinh EbRogtamt &lterMRIFPhY ofiffeRSt rddl Sdelds® Rogister,
In this systemsinRische di@lvantath ikt REFOEERY uBloBinb4!BdnSnot Badlly snafeCdofkieh ploB@m instruc-
execution of a tbhg.mvare m croprogram the mcropro- gramreturn address is

stored in a speci derst@gi wHatls fdotied B FGMAGE off SErRE bk dabrotties) trRAC@NIEMEw the nesting of
reg er) and 3Qbrbutiné bt adtixfielseadctg iofnibterruptsli & caintonzhe wieddnealannat i | conpl et i on
kﬁe M Cr oPr Ogr Adtoidaplgd wee eresant @wdntight provedes | i€ @ datalpriotessor |coioliEdt byng) microprogrammed
subs equent I Nt econttphbtare] wiersireszid doattol sthre ekequies differemt Gpauetpesa i migdinstructipdglhedds i addres-
stored in the rableligaations ofacstoragp unit therenf.rand erblreis said prggestoeis pravidéd withta dyghdown stack for
destroyed by a holdineadiuraiity of pddsedehs of saidairagg ugit: GPRattus s contiolling saidifiata prasenserdp enable
of a second har'tif@yed Pyfraite prenchinthpng anisy MESANrIPE FRIIPHOUINEOIATHERI] SoAANpRgAf microin-
servi ce rout fne¥utignSsePAPESIG npn pr ogr am i nst ruct i ons because aI I | nt er r upt,
services routi nes"‘P%‘é Yrelied, while; pxaritife, a Jisst rpigraingtietian sk Fnesoq ratF{epye @ secified
rel oadi ng t he 011,% i '%'Bﬁ']‘?t‘&‘f""?’?"c?ﬁi“t”ﬁqg‘ %&“"F%P&WF'&%& ntipg.hg r”ﬂ %58 F%a"s"sf' microinstruc-

regi st erl still’ mrgi controllegtt;h 8? 8 se on mlcro rélcr‘tlo urmg Wi qu an c?errug% caurs for
not easily S ar h|n o th o san Ffj c tgr‘ié ’EI dr s %ﬁf Vé du e&u%orpgf second
is a yret hod Of rr%i oﬁ eaJ\ Foptr e$at| % )Mc oms Tn QM}: |Ist address is
subrouti ne cal bb m m I'n a commn and e? nt
manner. 40 Cfﬁga{ng'c&grlo%dtb %e%s?ﬁt@%#ﬁnﬁyoﬂm éa@ﬁ' StﬁF&VHe@ﬁé sdidsefvicd Aufine to pop up said
processor cont rsplk ek ¥ fheMdBleRP FeldiVed THRA e ABY P Said SREE as WNBKAI f1dR8d B re-enter the
control storg exfiRdkuBRuthb ib@RMWaARK sakEALBIRE 3r vicBkdulik WS lbhtded.i ons hel d in
addres- sabl e | 0CAGhEBRcstbingisystoRl dhbBayHithe drEvRR@MERtioR M NoR B Gédarithal Y way of example,
processor is prv@mm@&,cmotthe@,a\mgghdm stack for holding a plurality of
addresses of sai ®igsieariaggensial tigck aipgra af ths ddteDgroceesitigrspéténi;ng sai d dat a
processor to enable interm xed subroutine branching and entry into
interrupt service routines fromsaid sequencgs of mcroin- 45 structions,
conprising: neans controlled while executing a first mcroinstruction which
otes a transfer to a specifi ed subroutl ne fromthe routine/subroutine in

execut ion for inérenenting the™ 5t TegTTSTTUTT—r o2
pushl ng such |ncrement ed address onto the top of sal d stack ‘neans-



EP 0111 407 Bl Figure,2 is a block diagramof a portion of the relevant
control area of tthe m croprocessor of the system Figure 3 shows the
firmvare mcroinstruction word fields E?Otmi“ﬂ?woprocessor Figure 4 is a
fl ow di agram of the execution of mcroinstructions of a m croprogram

beginning in a L 2“9&‘5][)&%@@&“ o?QB&rtnd?tLHf f rettéagnqgﬁpol LR fStHé)&%%faJo&%&r gﬂﬁie ﬁxvtgm
har dwar'e i nt er r @Rjlre 38hYsGfe frAWird RRRins@Rfbn field

di agram of ci r cwighels itltaitbk &faghar Bt B 8xdetiah 'bprLlct%frnQﬁlcthts Ef' QH;Er%pr rarJt %EW%n
SUMVARY The pr eseibite dnd Séritnlingte¥igH 8% subButiflesdAll fvolHodi s Shentot SYWEEBtines: and

M croprocessor , FRue®ns & Bhic Bloaaiadmcd cikliv® BRRIAS b BéhrSAREaNe4Ug2 0f the
m cr oprocessor. The control area provides a branching mcroinstruction to

t he subrout i neNVRGDUCTORE ISURBARANd for enabling the return address of the
current operating routine to be stored. The m crocommand al so enabl es a
push- down stack Swe tpresent systempprevidesuis | a/ dgtd Proeebsing tsystam achthipessssd, arcentjpl s vhich
down one | etrelenabisghecgnauengihg aff teey micenptobessor pThevdontes arbo progeaser atrichigy meoingtrueitbn to
i nterrupt addriessesutippivierr migorwuson fbr eeeblingehdictimesitresy oidhd duyrem operatingidoiineae be
pendi ng i nt er rStPFY: ThpHRISrecopmape placenablesey pugivtowadhthcle 8ostba theSoreyjoustyyptered wiagh addresses
t he next addr éé%p‘ts%ﬁj‘l dowg ong |gvah| The soniypl arepdiuriigtipravdes das 9enesatieg) vasipred Hsereipl addrqsses
mi croi nst ruct '8 C%{F?ﬂ""t"ﬁé’ theypighest peerty ragdnhibiedpeadirgdnterih Trase Vgﬂ.&tﬁ‘?ﬁl"@}ﬁmt aglirgesRs
one | evel ufo r‘?’ ‘?L‘é"' ?é?i‘f;éddf?Fs E?H‘S‘P’n‘f‘ elage pihe a@JEJ JERARFHICERY| tepncugent gicroinstruction,
subrouti ne or g antp YigtRusfidowp ﬁ@c ‘B‘ﬁ %”@I”p%’t @%1° GVF%iéfsa“é’ﬁ"’"”p‘
address fi el d °°mr?§ﬂ?" t f" "é?(‘ et dg’ g { :?tfé’ f Yi'g d‘t"e:st "‘i:d
1 exero reun ress C [ e e ack 10 be
contained in t(ha Bqt e]m ggr In t con rol area 8\} d?ﬁe f;ﬁ ﬁ‘%% i

|n wn sac alsg raises

2 So\rpi oo ﬁiw'i%é”i%s“f rtarow gﬁé’ g &t%ﬁ& e atfe kaé At Lo
h t tl t ith nor

are érao pr OV'p da 3RY Ehgauectb id 3hbrds8 L€ plotidy t"gq a abi rggeg & the ne?(t

subroutine or ofibiRkGdBl 10SRF Hb&Rd! Ao (f?&erreﬁhsﬁmb@dﬁrﬁ Qﬁé"%sﬁ-aﬁﬁ&tdcﬁ isNApikhéited using
popped nor pushregr@ded. t he vectored address is provided to the next address

regi ster assthe address of the next mcroinstruction to be executed. In the
pref erred enbadraeed pesdrerpogh- down stack i s inplenmented using shift
regi sters. 25 DETAILED DESCHI PTI ON Al t hough t he above background di scussi on
has been pri mar iAijiough tecabo® tatkgeoiid disussionnas bdee prresilyi in gorof ofsdfivandsnd the nesting of
routi nes and isoftwarerayings artdhigtenupisnthe pliretplearaes enjalal dpplicatploi fioudre routine$ amdnin@irgpts.
routines ared iThe étlowinst discuS@n™ikbd ol tewwi af gn dimbedirsent ithimi | nhicrbrgodessot Br ps ipfnesiing
enbodi nent wi tifweressubiogtingpand dueswipts. Foogonypgiendenthe egibddimgntfis desigaedato Hejbarakle dfmesting
and i nt errupt dour Fubroutinenpy dtigrepiclevelst Hipweantio e¢tyab aractice the @yian etisubuline ot Wfsent devels
of nesting folfi?y PaUPESHIM¥R thep fquhtV@Praﬂt?PP’P@@t?l igcreapg) icthe hardivaie ARich & erpioyed- | Aller-
t he number of "%‘Ufh’ SERqr e gffecting: a8raniargpment gllhe hardarepan ‘?Yﬁf@ﬂ” Prafedure IR b gijploved. In
with an appf ?‘F'és"t‘ﬁ'é’? difis’® dpsfiod tﬁéeﬁﬁa‘fb&t}dmeé"\)\]‘ﬁ“&?{ "t"%’s é‘n‘jﬂ’eﬁ %fd°“'At‘et 'B'Fmpmcess“
natively, rat ﬁ%‘i’ ‘Fﬁ‘g ° B‘f“?ré'ﬁ '?’Pgte% "“ w,
procedur e may b e i: s;s;:" é’%} st
m %o::? %\é fgﬂu tef 48 Q‘ig mal tg s§§y rg %g 90nsnsts

nes{_subrout i antfgrl?se cei P J‘g@,
n
ro| hj'% r] SO |a mati

coul d reverj g12 { ﬁ&i anﬁ
interrupts '”bﬁ"ééée%c rO\fichEcce l@hHao
whi ch the nest edmg Wby tﬁ“ﬁrb&@sn@ t'25te%cﬁt'd§)tvor’d rmlarﬁdaﬂﬁgtr@énbﬁénthﬂ opér g oﬁ)'?uf'e%eaﬂﬁ variable
system may be ddgiR HeiadVihé bddR I nit 6LihBrlalion ifr the WomrallprSddioBis & 18Rt voREEBRSising of two 8-bit
subsyst em 10 pyids. GReb wdlds BY iRERREIN e tak tn drduBbdr 0A6) tad 6t 16UR for MBKLCtidA biRikbd érlibithg
unit 40. The RBhtOpEEIERS Bytds WSS tusdd i ChrigsiiShgt fiad @s @dcimehdlpaghurheric dhd. and 16
interfaced to thePucemis edmpPseace 36 erbprivdssor 60, anwhitdr Neyid P Lind Fehdd Bbly [BiBagh QRO S)A24.
mai n bus 26, Widraphocgasoy B &scapatie 85 arttionegitl dogl© Nind @bntdf ogdrdtiomse aey by D U8-BiS exastohl
I nput / out put gimwas. midraipstaetivh matds [rom AOSSA4NTheumicbprd@ssox 8@ ddsigs pevorits] the rekagnitoe df the
i nstructi ons CRERO dpbit softeare imstfucticedepariarevar i abl e | ength fields. The basic
uni t of i nfsor matMigrpproaessohd0 isedasignat ipdisctyyseoirol ingutiqutp® (K7) tanqumentory Pnesation ifan gassfin
two 8-bit byt édegratedsyderngpaiins.ofte datiasy peemilscaeater eonyislead integgptionuysussfof aebit pxigsnal
or four for i A€taecTirEiRgrugionwoefiatgrovidpplits hpgzanst E?@tOHngé'p@Waﬁt!f@!vmgB*?tt%éz aiplta-
al so used in VAUP ANFeropasaipfRsHPer |4é1bt§é“'%[§'“$(§'é@'P'Frﬂt1°’doF rﬂﬁ?e?erfb'tsd%ﬁﬁem@@d?ﬂe
i s conprised Sfe"HRR WUE? Wé’é@dﬁct%‘?)m rBtae 8l°'°P6’ ’%’2“93 P@Sa?] gare
g te sgr 3% pray

n ! |

(R 2 e bl P 'Be"e%: &?%Wgﬁggaft;?r @ oo Ttﬂ%ﬁ% Hﬁ){lg "°“e$‘3

?per ations or :an era |0ns b m mi roproc SSOr conttrﬁQ' area l% atlows, 1o ﬁo ag;@ted
rom ROS 24. ’ﬁ: q 098 g gﬁormed eﬁmgi ?r’r? HEBxE TN 0 f

20 16-bit software ruc M croprocessor 30 is

desi gned to di rectly control |nput/out put (I/O) and nmenory operation for
ease in integrated system designs. The desi4gn pernmts greater control and
integration by use of a 48-bit external firmware m croinstruction word that
. provides true hori zontal ™ i croprogram*n ‘ng™Tal T oW ng-up=~to-12 ~si mul ta- neous-
m cr o- operatlons per. 48 b|t mcr0| nstructlon word The de5|gn aI so permts

~ e o o o o, o v o v




407 Bl M croprocessor 30 is conprised of 5 mgjor internal hardware
“ar eas as shown i h Fi gure 1. The 4 {M&07H0r logic areas are the data
nam-pul ation area 32 which includes the arithnetic logic unit (ALY, the
ry nenagenent unit (MW 34), the control-area 36, the processor bus 37,
andii nternal Qu§opstessdit iPERPASTBQF 5 BidSr iRdna BaEWSE Bgio bre@(as atlohnds Eigdat -dhe five
lings.. one RRRAPYicAES 86 Inevtifid Abhigumtib frea andhitthinaedeS tpemitwmalic jogic PO ALY). the
confrol | i NgemoknRAGREHET uliBIMBA4), Sie commiendacd, thoprommsser e §7.26d ntetralibys B&ed to
proyi de addr esme $robedsdr bes Bmbdnsiste D20y adi@swtatd lingsp orte/ roamaopuaddigns Yiolatign fngcpnd gree
recé¢i ve apd ge@nd patpdsa comrontrien receesoy bdsD3Ziscconmepiad Ao oeip s 8fiend isoused i RIPYIH
busf38 i s t hadresedsas theatam fiamonc thendrinputiuipatisit 80 andnip srcpiie ?ﬂéﬁefﬂé{%eﬁ‘a'f‘ﬁ@mmy

ot her four aoessnpefoutphaunit#&r opr ocessor chi p. | nternal bus 38 |s LL ot the
Wi 6. Ther e arigert beutie the mstor pal or FRATIUBEAIDES o {OEPHaN © '° der o .
confrol of infireoptopessérohie- Inipraalvius AR is 20198 wirls- B 4 14 BPT % "“B‘ﬁ:‘ o d{a P

ALUii s the dedeaedntrolobiip ¢k micy- ‘?Hﬁt"@?‘ﬁ&]e 4ﬁ|9§m§8°’ls?'ucﬂ?5’n"e°r e Bf even defi ned

m cf 0- ops arneriEslug 38 Tﬁ@e&é?‘%e'ﬁ‘é?ﬁ F%\F‘ICE? P
| ogi ¢ oper at i o8 987 BeaPYaRA"AJ! ﬂ) gty a@% gg'c erfat?f Lo eg,ﬁgfn{;ﬁiiiqﬁiﬁ

mani pul at i 013ddipse penssatipy PRy ?’e B , P S
clsprete fegfasa 8 teré“'ﬂ“ by e Ui "l@ s*"“fi'%sff‘“fimmzi;;m

- BEESBLL T
?rglrr): ;ngd’gf?glg& E}.rez blL:F%;HOYV a fes ?@ ‘ g ref‘éabt&; &Y e b&\trhl%fdi:es%ﬁlg ani2fb. lrhd

|ster$ n-t are d%sﬁﬁl@gfaﬁrﬂd%éé%@&e@ ONkdivers abidiressable
20-pi t mem vér oP & ér\"%rs?eré Sk Whig &rD Bssbéiadd with tRedoMgarepregrart eindy .-
thejcentral QJCQIQ th PYBb! Th%QeglsTé? Glol 4R IcSits o validp ofo@nd @bisters svaicke are LSedtivt the

sof { war e ‘iFn%%a afldlof ROEIRSS ©MBdrSY lofage bf Skhavan eurng dirresae lopesativess dhe
reggster 51 %ﬁﬁin@m¥@nﬁnlsﬁ ¥ uSHd 1 pdiRim VaaBlisShik beeraibs (af., opdniopise, aritemetistogici left/rigt) on
wi t fNthe s OfhiR ity 8Bbiespehpdsny executed by the CPU 20. The register file
al sh cont ai NS heVRhtob bida 86 ciVBIcEbploEa3E 136 i logitdllg iivideds intes eredsy inpytdatghgs fqr CPARY e

propram f r osBEle rédistéralr antt aRE a6 rayidrads ogengrationf Cantibloarerndd Sndegtriopch 9’??‘?fv%‘aé in
opef.ati ong. rdibrence s Figurebermchani smis used to perform var| ous shi f _
opef ati ons (i . the MMpaNdection SemicapiotdsersBP is/cooeyised primarily of: 2 U‘n aé?’tb dress for
16-bit or 3Dl teloogienanddit cPheargtonfor shecking dheagzepf 4 fg l:e:nlt?gl

| ogj cal |y dicompkeators for evaBatnoesesss FIghia P 3 Gee RRANOMy ALY 'p f'° tg& s 'r“ge po

regl sters, ammhophéolatienst Disifgl F@s%"‘b%ﬁ’i%f?ﬁ? f“S'H°’V %qﬁ?sF 8Y° " 'ar'; E"gm n
gr ept er dest ddical #dRES panfising FSEIP! [ v 4 nﬂ[édq T

opr oces kP 3?30‘“1 ep@eﬁﬁbﬁﬁid;ea ‘”ﬁP'i‘ ?CP °'bf"r°ce§s°rr gbl e 1 -bit

ress for PRROE 10 WP? Hp02p bWeutb: ﬁ\béré]ﬂoérmﬁ's tHe #Rtr@tiond
nenpry segrrent As %a@\y re ferrlhe s0| o ar, 2V BBl SRR JalaQito S
to | gi ven ?'e '%%%Flﬁ fo"B ':ﬁ s° e| Gl Bl cE&éﬂ ihyCEbU ﬂlgiémgémuha{o RENEY

ation¥ r | as a s g ﬁh 4rd vnaag LS e ciHehtSoftddLindd\tiion 4 pointed
nsl at es t?,f g ro V . oraf Qé’s@ésbaeé)md?dséwda@tea aR€ givgain courmddehich are

K r]unbervus a?eel;em éé e@ﬁﬁéﬂﬁ‘ﬁ(ﬁﬂe By sitaly esnfsiled Bitren tBBddtahanipmlation area
physsi cal }0‘8 sdrSoPl'aced on processor bus 37 which in turnis
mtt ?od t ODE'iEIeB B ERA Yot EBUVdodot MijuR DikScodBolied\By erinoribeeappItewidat el cpmtghp!
t hel descri pt 4/ ARars tiddHsiruciiilbioldd iR ROSE4EEcS DbAtumneRQS cpem he interrimded 35RORtPHIRG PNFs
of Mhi Ch ar emk@beksashr actertptia. ASBsEN Mcalifh of HOS 79cis faard.rthe eaniopi 7 degodag gy control
| ogii cal operabd S@ssting Gk apatifis @p@tion edthit aiianeebcessorrdd Ay GoHRiT AP 'OCW@ fnrmware
sofft war e pr ogiciimstrme deaqubndpg BP0bt@ibechtst canepesprm B tspedifis %’a’ﬁﬁ' u?fa*‘t° W d ":g
and base asdssesstedadh SPERE Astrath witears iptrugken s igiialadppestain Hils Wil °‘;t:;ct?0n
sofft war e i nsefrtte Sotwmrei isstrpipm@edused thgletermise Jb atﬁﬁ"'%ﬁ‘f?feé? of R 'Bwae m'cro"]

ese b software

regi sters, bastne adotrinesis withing R@B 45 T%&Stﬁ‘ﬂdﬁrcarﬁﬁ"bﬁ'
t hel sof t war eingwitiog desodivg dere ‘DymEPPJ°2Q§s°ér38 2 'Fr°9'°%98??fa§) vm f ?1“ in Epﬁ&ﬁb
datfa mani pul frmiver MigreingtrassionsyeaAnes WRINGIARAS ces ﬂoﬁ\é fzqs BSJoRibh Bfthe

of |CPU 2050f FiCguneated tojraain-byys2P &3 4 i8 ”B Py 4 ”"°“"'°” il i
of firmare WP‘&’P'GP%@P"‘(1?0"(*1‘%@@?'8?%% I?m ?ﬁ% ﬁgﬁm 44#32@?& ,mt.gl%aéc%dd.ﬁan‘g

be |nterpretB‘&2<§s"Q:‘EPﬁY‘?"€f4|2pn 9B P rocess |ne cycle. As each

tra

| ocation of p{@%ollﬂgf Tflltsltg?es@ﬁe co ol grgg'&be ERu@16n &@&Q@@Qll Bt Hele®dnt BEi€ and3frcuitry.
resiul ting in ; régg 5‘2'0 llfusét (gr\ e 1B3iC BORHIQERSIHA stordde (HRYS) @#.ani Pigurg 2RES
| odat i ons * f [EPHRACE o' tr H%h@@orﬁé?%w%Ctﬁ‘o%ksﬁlreeregaatsahmadnaehat bits aoh information
perif orm a Spgo n'e mqpee;e gt rng, 5Pyl hEEISck NSt ruction 45 associated with CPU
20.| As each SO ??7 24’3 Aéctﬁé A s nlidibikstradiond, (conedl waids) wich srewisehbymicigprocessor
opgrati on code of t e software instruction are used to determ ne the
Stol’tl ng address of the firmvare microinstruction routine contained within
ROS 24. The testing of certain flip-flops Which are set or reset by

softvvare i nstruction decoding done by microprocessor 30 allows the

T oprocessor "t o-brarch to a fore” spectTic firmiar et ornsrTuction
jsequence within ROS 24 when necessary. 50 Connect ed to mai n bus 26 S a

A~ —— I . o 1 - - Y .



5 EP 0 111 407 Bl 30 to econtrol the operation of central processing unit
and :nor e partlcutarl y to execute the s%fptd/\qaf e,ml,rbgtructlons of CPU 20. For
each m croprocessor machi ne cycle, a cont word is fetched out of ROS 24.
ROS 24 is coupled to ROS data register 65 which receives the

m croi nstruct i 80 tavesnttolf 18é @b stioh rdd rerdt@R Procsding SAit0EAJArE Jaribasiy to execute the software
m cr éﬂ—nst ruct i ostructiong 6iQPY 2arFoackih etgopfpoessor Oiactanbttyéle, @@amRNGDrB fdtdhed out FHRODS 24.
address 5. porti G9Si24 ig dvepler to IROSMBE ragister MW receivekethd mfcrogstricte vattiveissl fiof read
t he next | ocat pansteregeh2s. Egzhdniéroinstustiem dontainis \an sitidiesa gertidhiandwehdooimand bdrtiopeTre regdress
next m croi rist peeniin Hetrejcrpjestrastion wbrd ddebtjfiesrthe radgress b $warext3Geatioiine be oaapdma read only
portion of thestpiRger 24 which willtbe die nedlenicionptengtion e be prepuied linwictoprogassay 89.f e gemimand
by the mi cropr RS 9bine drigreinsyugtipr idestiiesibe ensraienstihbe eqriormedtby rHecigioprseaster Birigg the
The address poPtPupn Prherqigentmicrasstianuct i on word is contained in bits 0 to
12 of the nicroi {8t PRSP @prtiongof Hgpmigronsiaistion vprr 18 catainegip bt tof b Mictofstgction
the mcroindtr ?fF {56 Figwe b Aecammpnd porjipn ok the Sigrainsiiaetionia gonigingd inbity '3t o747 dsee Figure

comand -portio

1 SCOPEYCAP BRI B B G v o
conprise subco il r%ns elfsccn |n tlrtn macrm g |unC;[/v g ! etal e Cr tF'g 'R S lhg, gther
m croinstructi thn Fi w‘ﬁﬁ) escng on: h r%ndgg mfo aBon lth r sﬁgc B 20
St ornati on " 8 'fﬁ%g@ﬁt{ g Qi f} ”hggn b e E@ﬁé 1 'Z‘t’f“" P

b i i f Id fi whict-s !
50 s0 that thenskalts Wik @mwo%tsﬁis 3 06 I i LR o st PO

ten bits of dyj@ekewistdl siShot BERIABhir@hrd 65880 RRsER br AP Bittfn e dath Bokessing system. In
fl1ip-flops 50 Rkich, tdst/Mo-Rdpk S0 Whhtd3 6P BINE HiphBpsSiidhlife Mbita¥idlid Bisbt &bt or to have a
| ocat i ons. ThepiGRhb&abiuRddr Binkrsl of N6 iiiateerntdaasle Béntr@ifripappsSiretebEbid By Meirhware IMere
i nditat e whet h&é a6 teh @dmparabiasichs @ fpXoEY\EY whidhkd 10ded Buridh @S Ntmvale €@k with tijhafic -
t he ﬁ"t a proceis®inagonSyush @snwhétier akiked hasOben tacatry bl byarfiblv aps BIO1&CEhaALLS of @uarry or
control flip-féveriev tdm bin2tast hecALi o abidtter testaib @itsent thaintemeldes 3®are bquahavesta TRGe ten
bi t -t ransf er r edmpmale fic-Genstarecliso ddstabla dy filmwemsar e These four control flip-flops
are testabl es by fhreFfagisenar .2 Thitriestragtion pbister haris oadep dromrigterndl jbps: 88. A bits ¢f the F-
flip-flops 50 "Rbistertareteatalieo buci ot wekiar Thadoverdeh folut bithedi Fesgisipe B ealsdl qonstitiyenthariow-order four
i nformati on - sRiEie e fiverkit qeunter tRrrounter PasF-epurter B2 ie a fiyegbitoourdny dhet pag\Refiqaged fram intemal
of the ALU or *&'séﬁr':r‘ipu'éi?’ 8B\Far P9 Beremenias op Pecreppnigd. The founlpwyorger Rith af freaunterch2targ giso
bits on the i n{aspdedpuch it & Eo-biyrpask gandie PtaﬁedCP" int¢rpal bupi 38 yadey &'ﬁ‘wﬁeéﬁgt}% %/
flip-flops e %%%e ?’8§'Yea‘Eﬂs%b'% f\dsﬂ?w&aaf ogise a softwagg, injerr vég @,}fn o Jptched in
16- bit i nstrucl tf [earg BQH% p?r}ebw{uqnﬁr NtV ﬂ'é""f'?gs °I°°B ogs and
of the F- regi %ef'%'?te%ﬁ 3 ?sé °r5 p'l"t "T't ep ""f"he qﬁ
F-redis ter 51 ext ad ref ener? gl area ntam bo% ecessa ir sequencmg
g { e?eg S anén% 1c 5 bqttes f n resylt in a
counter F- csw ch adr %o , ac i %M
frominterndl o tﬁeo %n %am?t. d@% %5,5 R e T
four. | ow order, &i Inﬁth tdst G.%nto%rc 5 rggr&:d GoStlfebiste ané‘FJsgh
mask can be pl acaﬁ,opaatcn I60id187 pRUSes3fs MESHEbst f AR I Rbjerity3GF the .npmbaf fese
ar EE_H Ve POoSSihiuBes a8 Kohi FQ’@@stérFBit(m Gadus eibMatidng Ctheripts bra i@l thrhonitdr kA& Bption bits
condlti ons ar eofkest iGdips 50) TROSUPURSEaloN brdfich URtc 57 &b bRY of 2ddresSaRidM@IE which is provided
i nterrupt pri netddes imatipeysr 1.6@t.Wwor k) 54 prioritizes thése conditions and
generates a vect Begister S8dir@siss therbits PP Wtormatidro thatagorssphxidatocthie teo gogsibis/ conditives 1trek tan
‘addr ess gener atausena $iedvare Int&&ipo fHaclpart rigérruat pdneB 80 pdmitizes Niese an pasgjble conditions and
necessary  f or medycesradpundit bitput thabid used|by address agiiipiROSP2 Rorodiigesthe 1P:kitrvedtorbdgrdware
56 i s used t5 inteript Sidresewhen oomefithesoies pedisblelgonsiipnsoesl t in a 35 2-way '
branch address f &t [OSt efcaderegssmyltinifixert 160 Bayides e d &-bignorpinal pext adesRss whipfs Wil jba loaded
t est abl e underint? ROFadfresscegitier §° aathepediorfpick e "%F‘tﬁ{?t“S'ﬂFt"t“H@"t%%stz%mﬁa’P“ address
| ogi ¢ 56 bei ng® Bﬂ@!"%F’tth%Fe’"F?tF‘B‘rtH'ﬁP?rﬁPF' et Gdd&tiﬂi“’@sb% ”?ﬁ?lﬂs& teatdd'fs%?ﬁ"y i angé re

p o urs i T v if
to test branc Hn'iP&rt‘?F Eogﬂ;?e%%g afeo' a' t&tecggr '}H? g‘?}‘?:gyé {1:51{ i :ZE;}; Qﬁg\ﬁ:mms :tlon

and F-count &

Pa
matri X€s. The vﬁoé §cress muq eX r suused Eo ge":{‘w rm'ttrqeI Slt r?‘ormema r%na I Seg’a?e d by
51 (in various, cOf a.{u ﬁ oWyl v %t;m ﬁj % bidHom
bits 40 of tes;f‘ gmg wt ,égg,}, Hfb,tso pQ.{ t‘ﬁe AU next
pl ts of addgsesa},d,legg‘a |°ngd % the
Reg' ster 58 pRW % rte;temgblﬁs?rua n to Qét&ﬁ& 'fr9rn B@R ﬁQBﬂtﬁﬁBm é@s El nﬁt.@fé ROS
possi bl e condi jdsREShididiptegRPes cause a har dware interrupt. Hardware

interrupt prinet rbS aBdrbhistohZR8istb6SE ploRBedPRSek BAG it @B Qldclitdn of M8 QurRhOMIdGRSruc-
a four-bit output that is used by address multiplexer 2 62 to produce the

12-bit vectored hardware 45 interrupt address when one of these ten

possi bl e conditions occur. The output of- ad@ress nulti pl exer 1 60 provides
the 12-bit nom nal next address: vvhllch W II be Ioaded |nto ROS address _
regi ster 63 andUSET T6 T& ¢H T HE NEX T Hi tror S HeEP R~ —TFhi-g—r=
12 b|t address |s nom naI I n the sense that th| S nom naI next address WI II :

o " N o o o L,




Y

R

iSs hi story register 66: ROS address history register 66 is provided so
early in the exécution of the cgppani 4@7 g{oinstruc- 6 EP 0 111407
.i on contained in ROS data register 65, while the next m croinstruction
addgess i s being devel oped and transferred to ROS address register 63, ROS
addfiess hi sttior yontaingd dn BOS kieta degitidn 85 adhdle dwsnegif mithiestwetion @drressiic bevigndsvelomst ianth.
Thi b\eﬂr r enttrapdfesied ith 80P Laddressyegisielr 8s 8OF sddresschistay chgisied bidsrite edveespekthe current
nmi cfoi nst r ucHFeiPsTHear e pyrrent raicreipstiuetion addressol nised ncdevelpingalhe sext gricrpipstiuglion,
Thefcurrent 4¢EFE ferimpt RIGPINgHEIES I fos ity use- She pysigntaddipssgipm BOF |aggessshistpry
af t Br bei fig "PIRY Sheh e} uend %ffﬂcreéﬁérﬁf%?e"m bagnqr%r@"tere%r%fhadﬂw@egdrrﬁsawaoo-
subfouti nes sat?{ﬁ"t'H%?raB ?é"’afeH BIrYPL IS é‘t"‘t}’?eé' outines. |ncrenenter

6

i ncfenments tm t 09¥t'atrﬁh s ‘aB(ﬂA 2ddress disigr, e?'%g 1B 1§ 12
angiis a 12 b"Cteme%'W v efetrgvaa jaob! V@r“ww ae peetUs

k micro omman of mcr r 64 IS lso u rowdg the n xt s va ué fo RAR

70 ¥ 10I %3 rfoﬁ: M%dWH o%ér? t| x 8 Iexe 6 Ulth

i wnsrasmt& i g

. o al t thehe © t e al svalue
addr ess nul tpith%x@irn 24difR -a ot p@&ﬁeﬁ%&ﬁ@?@ 5&%& f|eﬁ501t§ Riddin thg'ﬁncﬂﬁé uchi®no
address is H@to@@pﬁa&@oﬁﬁe&.ﬁmus% addr ess |ncrerrente by one and the I NCK

focom@nd speh hddRsss biheki70li12 489X b-oiRR iR e RERIFGRAKS chriipribdl H%ut RGiseldI 7 et
ress val ue, ytdir storig) the irdlurd elilirdssc8 13 SULRMNES & tharawdie HiRRGHS RO ladiréds RRAEK 70 is
sed addr estalizbé 6 bxdeditalWhiid16f001 BRingTbiedr Gimd b itdoitdiiocation it et ie0q | (B adcimn)
er nal busiuBg.eathsPOP (rettﬁh)tmlfcnco&ﬁdﬁcewuﬂ-!aﬁlkro&ﬁ\mam caugks e tdR ofbbtlim|aadrbssi stack

r i Ng tdae sputedriyy thel dutes ©Esddodss suliplexst it ré@s wisehdis hiver mbiinakenexnadalrass) grcsemeRlet 84 n
'res/s st adknses to sotirm pddresh staekd7Ottiee iharsraaiied ianddss \histotyeropd RQRDAddrbas histery edoister 66

e and i t ¥heoeecHbiieldehthe eext icemmand pogiorpef the RS daterebirten 85 stieifiep g PEAH niqregpm-
tur n) m meeddnsdvgH micrmosmand enellesotPraladnacoh theasturp ﬁédftséﬁf Be MicPAgrRMaAiicEs s
ck 70 t o SHEligghat t?eba‘"%?a eeyRd Wiile pratchise o aypipTapregiane pubpustine A har dwar e

er r upt? caudiem sy stagl 7G thys gloreg thegingremetpd %%w e%qﬂess rCtVHed Btem gdress

ress mul PR ﬁ%?‘effse‘tﬁe" A eEruting "‘t"h%?’%t?m %ﬂ"“ ln adgig f9res% 4
insfers t§® gie DOl 8 [ "Let‘tzfgwesf(?“tp Y, 3 ’g%(gl P’ ned Veh? ?r ;Sg f‘tgﬁ’r‘ht
> address dﬁ rsst O? ress d wm1 dress

8 ¢ 5H R
>H mi cr OC%EQMQe SELINEES {o Emi EJ’S}B eeorr Ebihdn yﬁéf I§£ u:f hand*m;
ropr ogr ag, feC 5fkd thess bhdi&dsWh red @Bfa ot @ ubro fn@'a tsn& when &

pr oprogr amhﬁﬂdmrg%énﬂ& ocdurs, the adiFesses [ fA&essShAfe doBh fhe ShAUEH df R 1ast
1 ement ed nfiddifs@itio RS SRoulicOM! R als! IRBA BRI BSife, NS ORY mic@dbragtaRT tobife
2N the £X@RPdrisBgefbeCr OProgram branches to a subroutine. In addition,

urn addr es sFigutea€ khod® il Mmesre Intidoint@ 8GR vord Gi¥itis TR Scotddt wtrhbymadda@ssbr
tipl exer whrdG®compasua\oe k8 BitshBitsChaery. Bits 0TI 2P lised GE the ROBIaL@bss\fiela] s I3 tdh e are
cuti on ofusddhte sblettmagist@s tirotha rpgiseal dllec bitd M@ 220ara tusaintovdobittol the RGBm2tc arsl logic
Qr/m ned Ipctiohseof trer ALUGDd the inpats thilperts, bitse2B tagStard dsed astas cangreiubits @6 fo 3Pheswsed
resseswoskoa egiston moditiagtian falddvite $& 388 arg tised les me@orp oiandgement uieconteot tbit S égpused

m cr opr égiphitit thehdcctrrengsLaf o hardware intersypt andeits Blg 48 Rieeipad 3 @rspaciabeantdl figld-ence

a branch t d'ha spaciel eqpird dield rtbits BB e ADi in sedrio Moy a8 Rl epsupplpment SRR A other
errupt h&fieR iritp mistAnsstiondirppate mawls Ehey sRefialscoateo! fipld projjgessipolp dies,pleitageous
nch to- aMACPBPHANE AXIP S AMeR MITITEC!S dReFRecial spntiphfiold is dijdediig AeupTiglds (4 § ) as
urs, tfiel l qtegng "9 Wt {hg iieereiEon SEsorp AL RS SuReld fepender ppny %“85?%*&8 sk

the | ast® % Qi RSt ruction. in subro ne or ggt yare | pterrupt Llhng
e | rom Tu are into_the R data register a =] mm the
e bbb e m%m.nEm e 8 W ne i &3@ %
| rmar e Iﬂ e at dress of

ef
nxw ngo% CReLl
romocsgs%w dée;g .mydwiﬁ oy é Th égowﬁsmano e go ?ﬂﬁg LB

. bnt’sofithehb’s stth shdfPodibaaR ToR 156 ect reg| sters
infthe register Tl are used to control the arithnetic and

| ogi ¢ functions of the ALU and the I nputs to its ports, bits 23 to 25 are
used as bus control, bits 26 to 30 are used 40 as a register nodification
field, bigss 31 to 33 are used as nenory managenent unit control, bit 34 is
usled to inhibit the occurrence of a hardware interrupt and bits 35 to 47

arje used as a special control field. The special control field (bits 35 to
47) is used to nodify as well as supplenent certain of the other fields in
the mcroinstruction firmvare word. The special control field provides up
td three sinultaneous m crocomands during a given nicrocycle. The speci al

 paoress o %ﬁgég: Ba e aiytfsc é;tgbg%
7,

cantrol field is divided into 4 subfields (Ato D) as 45 illustrated in
F|‘gure 3, W|th the interpretation of some of the subfields dependent upon
) the COIT . UI [.O Uf tlrlt LILLEA YA UI IIJL lv\.n. | UTIo a e

Ioaded |nto the ROS data reg| ster 65 at the beg| nni ng of the execution of

o, —yr v o o v o o o o NINENTT AN N 2



EP 0 111407 Bl Table 1 RDDT Bits Qperation 5
o.. 1. 2 3/ 41+ X X X  EPX 11140mMB10 1 X X X
Test Branch 0 0 1 X X Major Branch o 0 0 1 X
I ncrement Wth Constant: 0 0O 0 0 1 Increment Wthout Constant
0 0 0 0 0 Return (POP nicrocof®dd) A PUSH ni cr ocommand can
be uUuged in conjunction with any of the first five operations listed in
Table 15 1. The PUSH rTicrOCOm’rarmewm@n usef in cowmbérgmhi on Wi {h a junp or
branch m croconmand, al | ows—the—nieroprogt gnfrer to store away i pto return
address stack 70 a return dddrésh 1 & ?J e microprogram nef wll wsh
to return upon conpl etion dgf 1t hex qulr put ijn® Whingh was branched {o. To
facilitate the storing away] Of [ thi|lsXreturjlnXafddet8endhy t he persop witing a
-m croprogram the PUSH ni crlo@opmfarid pishgsXt hMaicorensht s of the ROS history
address regigter 66 incremgnfeql by 8 by ifn¥r pineement Vit Corptadt t he[t op of
return 20 address stack 7Q. 9The? rlefuf P (|POP) Insieeed VBtherhReNsi?& t hen used by
the microprogramer as the |l st §i|r Bnar® |sP ep RelmiPRP Bigrrsnadibt out i ne to
return to the first location after the mcroinstruction which called the
m cropr ogr am submnorUSHNRicroédRnal 6 el LBEY ih QorfjUntion XA arg (il e Sitst B8 pératiohORsidaa Tidple
defined by the1.Sling PO nitidcoriBardesioh iubeidn temblratdnavitd aijisnpt di dtanof miarotmainthnd raows the
i nterrupt. Whemiceplgadmar te sioret avay inpl reius ddtvedsi sice dg a rdwen adeixdss ROBicaditr reisioprogram-
will be provi dee @bwisa® @tulmaupdmasreplefiet bfdhe subcbuting evhiRDBaslbtelchaisto gEnfedilitate the Istpring
t he ROS addr esswalioklhés refurnt dddressubryr tha ber§anrvrifien & migeaptbgriain| he IRESKH Imigresdmempnd; gyghes the
top of the ret eanentadtihe 8OS sistkadM@ssopoistérS6 inglepantedity bieidnasemenienf4 o e op ofjretum
60 bei ng sel®ceddpsustagh - dhe miurn GTOR enieipgammand isghesxuspd By henmiciopregiapmeynasghe last
retbrn addr essfirgwarestepof thpoaligd puspytion torrelerd itiin dirst eatiepfter WP@EFW"%%&'&W%W“ called
contol field themiraprog@mpepsutivet o RDDT44 i n conj unction wit
codi ng of subfjel®d% e’ﬁe%{ﬁﬂlt e pext apdiegs 9‘?’1‘9’6'&’1 bﬂ'ﬁ%f"?ﬂﬂ‘?‘? ens"b?i’ ra cfns ” ed Jable 1
five operati on§ ti?Fg ad arg terrY%{ enla hafdﬁérﬁ gép | 1 g W|II b rowded
i nhi bit har d?/va?s 2 | [Fg f ngg(f %"ﬁss o e Cu"en are
der to r be plac Pn ur dre; s stac eout f r\'ﬁlgg/?
in or p em selegteé: refirtom Itnp% ér pl% t r fuln D% & q‘faPUSH
result of the Rietotddnh zﬂ(d\ as {p gfle q) iat cdnttor ed net:onlum':mn with a
i nterrupt can Qeelifeokilly F’ il & ﬁﬁct. w.mn%; 6 A3l fBDY6BICRY SHn i
event) at any *rAbeEn %h% n‘h&oﬂ e St atsd Thnfd hﬁ*d\&ﬂré/ﬁiamjdtg BWRESryiy S DA Mit 3@ is
sequence, SPech dnalyORNe GEbRb! BMNorfldst a REnfiingEPlsh QpéthtloR Weh@ lpelidiBed GE el RAMES! the
of a hardware bdtRinéddta:hadware mterrIﬂeSume%nﬁﬂibv% irfongtitah bdclr@Ror@éily tol) @neSdcdurrence of an
operations def éMI lafycilrBitue olenBl & 4n@fiRdfe Bifbr It® tiRS cdipBBord ba B Gdien Jirfrdk larddidprogram
branchi ng. A pageents sshfai ddasiteriorOdust BAGIRA UG 4V foBBBEYIMén0E aita ranvaniidtdiiupt. ROS
24 and a baBk i s TBebiafRilg 28pafilidd ohpaBix \opératoad detinesl inTathe n aldCSer?et! t b6 ppgRgEarhing
The branch bouadananieisrardcbing. tAagé esdefied an 6 copeuivein@mogr lecatiaas withic ROH 2¢ endampank is
| ocati on wit hi defisedp@g®24 Tamorp iaatvhs BithimBaS$ € ¢16fpagest: ke bracb rootndaries Hior diregtest branch
restricted t-o eneatioromatréstistedits hynlotdtien ithitka padee Theebravich i bagpdrisg forohe maies brareh are
of Tabl e 1 ar erestrgiecht @nolpcationawitbinithedpadQ T reinpieingcings 9peraigng 9f d ARl hare [§apgRle pppranching
anoter . Theo j erripsremeatngtiomreng Bank kpaneiftry next address gener ation net hod of
Table 1 that al | GiREPGPHRfR s the %r%neestradﬁﬁ%s %fgti%r'@tha%gfeTaP'Sdé?ﬁf 5"?%5% PRI 2y
24. This i's actdipreeds plfo BYPIdIARCES: YIS hPSToTRlE p&d*&f%g@"' e asd'ess field.

I ct cir xt fir i
\]/'é bi }?Dgll'r gCt & te ? é %g? ary% thltlw 1?2 %ﬁ ?pr S %t(%log v?o(f
d ? " d 1_4.’[ m| ron tru s contaln d i S data r ng arg d Iwerg' dl%!:tly 5 ﬁﬁd?@s@té@ 3 via
ata wor ( a re s mu | I xer &{ % Fla ddfds e Farl o%FoSfam
65 are del i Ver %q t§ { o Véh@ul@g L8wate inferrupt occur, this
mul i p| exer ¥e§ssv$ou e u off re@?%‘tsck %datﬁ§ gén@rafebﬁardware

firmare m CI’ OR{eF?&It Eﬁlﬁeﬁoﬁw 486 rat&ﬂ’:&r c%ﬁca ﬁlhg Qi@ht'h@h QI dnNBERPHIRWARR o four bit
ha

i nterrupt 0GEULRUt o teh@t Wﬁ[ﬁb Wil 168 lidaldaitint® ROY laddrédl irshisP B3 M@ bddRRX Inultiplexer 2
address woul d Be.nrshedrogidaretdie top of return address stack 70 and the

generat ed har dwarnepigh ﬁfdrdé%marﬂC(aQE:lefﬁhddiIb@%ﬁecua&&orﬂa%rdac)e&nbge @88 Gdhe Wal thegump
ei ght hi gh or degerdabr) akrdwaERGritirhibitiok RDDT B84 et be kit to HBInanPQREIto inHibithanddsm interrupts
i nterrupt prinekenSy PUSH hicheohmardasl usentino cdrfpietiant dittes fimpegéerstoar DUSiBg | iPYISH microcom-
addr ess nmul tss phends the 2urEdt BOS fatizess drit! irRAISS adiithse istory AedRIURIE Iis incrercantedond gnd pushed
defined by speaitatheaeméfrretimfaderess sBick Ty hatura srilipleteo At betbre et st dddreps as specified in
operation. Har BRRT bisirie @2 isugatled inth ROS taddspss reIBT6B4 nust be set to a binary
ONE to inhibit hdhelat@arichoesratioppisTahleenis @ teo-RySFangh esingcommeaitif pae Qi §épst gpnditions
conjunction with a junp operation. During a PUSH m crocom 55 nmand, the
current ROS address held in ROS address histgry register 66 is increrrent ed
by 1 and pushed onto the top of return address stack 70 by return

rTU|tIp| exer 61 before t he next address as seC|f|ed in RDDT bits 1 to 12 is

Tapl e 1
s a two- vvay branch using the result of one of 64 test conditions 8




f®07 Bl specified .as part of the ROS address field in bits 3 to 8.
Al tEst branches are-restricted to branching within the current page; that
i's; the next ROS address generated aseporfajub? Bef the test will always be
F two | ocations (depending upon the results of the test: i.e., true or
) eight |locations apart but wthin the page of 64 l-ocations currently
bei Qg, addr ess engcifiagd aREBt efdehr BASaddsgs feiddin b33 to|8nAlf tag brandieppan dhistigiedilodrangting within
results 5 of the gerepigegge: {ahiscthe nexhiBOShaddresprpenesien g3 p psyli ab thevipst Will lglwagschocdne df two
fromfhe | ocalopaipnsdiopending Hean theyresulis pirl ‘F%é es{rye 94 falpR) Qightiiepatierstagart hubifhinyibe page

current ROS a€fc?f‘é?f§"°gp?”6ﬁ‘ftﬁ(93"%1ﬂﬂﬂ’feé%e§ %\?sé i4qr §3- I5BF eapPRANG ARG thejresults
with khe six pidig he JexfiPsEgten wijl B 02“ th@ '°°“3f'8" deftermingd) by takipg: the gix
ROS address f 5“ I ee°LU§ (ﬁ‘ols(ﬂjdr “§° °' ¥ 899'st66) f‘i"‘:%{ﬁﬂteﬂ"th the
respect vel y uo " ef S r ctwey A n E %C’F dr nﬁl wi 'jrée e%EEfOIL h

t eSt ( 1 or r Col'r Jgof%lngl 0 }?:B% f% ‘fl ' ?Ved l?é? %%F h%’l d % F

pOSI ti on 9 IS nom na next

addréss corpos eﬁ‘m? orkifkE nd ks %&dr%lg%gr;\%ogftpofq Oé‘é 'as 9@&3%@%&‘& ai%nérﬁl&j &%ﬁélleguuo f
the tiest br antﬂ@ tégtsbr&gﬁ'gé dea dl il bi el: re'npflr;nnge %J rﬁ{r‘&ct | WPy tﬁe next ROS
M cr i nst r uct iarsMikifhing rd iktéHee ?%&d t@&grs%m R ihBh B Y2 A address
har diar e i nt e ipda &€ GEtép ofSlafa dés@%&\w Sndl 16 GhrokiRl HRRIGHE  intbroS vRBALERSSS
i s pllaced 60 fohigcel RBs 8é cdnfhid bithblsl RS addledsk ROB addibkstdaRepgdIer at ed har dware

I ntefrupt vect orheaPUBHEMRroddmmAP cac 8150 bd uRA aloh@ witld REEIIENSh Oberdtib®. REXkicddSabove,
addr $ss I N ROGranddristsrtuptseguss the rintiied TdyesdticpHRODTCHiIt0840 BaAING £ 8iRarp | ONE) lFethe POEH
al ong w th t esitrobumaaodisapel fithe ®OSH mitocbmdareiad esdd hilzon@rctioh awtel wastcoranoit ereratig the
must tbe i nhi biutred ROByaddredst whigh iR Bdtreds dB dheaept &tandhonieroititrn@ivy (MGNEJOS dddtelsehistory
PUSH rri cr oennagster BBsincreraahied |biy 1t Wik bPPBkédMndheoiow nfmaiaa addressssedk Fthanddirg minrobrpgyam
wi t t est bwihbretsh bpibe epriinghnextt dddregsias detatminROSBY thed dutes of tesphiacdh logic $8he addr ess
of the test brahkemaiir Grapeheperetipotis o i6- i senciRaengathieireeuds ohiSJesh grpurE(Preaifigh 83 eart of
66) gncr emanttéﬁj RB‘;‘/ addresgfiglq infhifs b [toa@ A mMsier PragchesoRse (pirigted 10 PrRnelingrvétis thetchEant ak
and the micrd 9‘?%}‘?1‘% Thet iy ternominpl et ROSsiAePF-genoi@isg asArauli s the saige bragchtitsrb il
by the out ffut "’@P’ Ef’"eo?‘ éﬁ ﬁat'P’Efg?“tPe'Bjﬂ‘g °'7’H}§ %ﬁ%"‘ﬁ F‘é’ﬁ'c‘?’ia %@f;ﬁ;f)g" C?t'gnsaapa” b‘;
16- why branch”

ROS hddress f étl rFL'ts

brankhi ng wit ?"ﬁj '"Bgeﬁﬂ'l’l'%tzz‘; Egg “é? )? Sis 'g toss field
and us bi lf f\ in bhen mm n RO! a re cnvel c |o ﬁ%n bits

next § ROS ag’d s‘:\adrd

Rl
al ways be 1'n Onz g@cﬁe @Q;% a3t %e?jg 9f tn@}n jor branch
bran “h MRL T i Xhorhfh se%feb‘ﬂ{‘ﬁltsad)%r {2 QUhe W fl?mM?@ HStrch ¥ dor 9 ife® > ROS data
currpntly bei rQ@st@f%ﬁ I 58 {6 Mkt B £ GS38mi &Etorfo)ﬂntér@éﬂlﬁ hﬁﬁwa@eﬁmteﬂ'_ R 020K $Hlid a
next ROS addrgfvare SntgHRBESRLE Bisowly adehétated hértindd nbx@ RDST da@est }al b6 Wiak&Nén BT the
addrpss angs UstuiGhdirbRBtaar 76 bidSthd) gshbfdted hbrdwird iteROpTivecdr aBd@eds réiddesitl 6 86 Boxl RDS
t akihg bits 3addidssi®RAAE3. 11 and 12 fromthe ROS address field and using
as bits 2, ASin tfd,ca of 18t madh dgbration, the@USH MiidaaominaxitcalRaSusadl dlsrge@th major branch
ctivel y.opbrlatitmddighih.cas,indidaias aBide,dhatdwaré interrupia anuae infablitedh ©X setiRQBitRDDTcAI o a
det er m neshalyONEdf § BUSH rictocourhqndtis beed impmiundlip@niha meigi lorarfsi opéFatien, iengurrant
nextf ROS a¢drRQfsaddeesyl abich jsiibaladgitpey of the mgienfrangh enicreinstrpdtien itselt (flom RIS pdqeossrbiptery
h oper at'Paisier$Bliysfti wifl bp plagsidtog top of Be refurpiddrenstec 7P @ngkthe micieprggram will branch to
m crjoi nst r uct OIS exiEgdressi 3 detemminerRbsthe avtput pbpRIY PERCFSIC 3nd i s t he next
ROS laddr ess assUifi RGeTeERg WK 4 ?ﬂ‘%?’\?éPﬁ'ﬁ'@" H%{F'ﬂ\'i()éﬁ“{?°’f"ﬁ?’@} f,gpeciipd iy FOS a%‘ﬁ 81 fgld
a hardware j rpl @roriﬂ °f8’€ Igioit fipl o "ﬁé’\‘i\ﬂ' " g our %‘fa"’?@@h ess
be pl & %aj E ingr engeg i) tn boh ’ %P&r"é esmegaﬁ e APnoEs
re int g Eéa 5 g
ant mt 8 un e ncroc ¢l
) c$ (?J#;n?SRBE ad res?s contau bé §af srpicJ %B ingrerq’\gner
be used al ong, eqn % %@ £d address
har dwar e i pf erﬁ&lt%&e? Zr&%e .hd?é}:kem \Lu n§ﬁ¥c$ol:d’ngni% ts And ﬁb@- ted@fie¥d of a
ONE.X 1f a PUSHGhhuioR BB a hatawhnbiRterdubt SelM, R AP Benblatell nékt RRI3E wi b8 Piadhd on the
operiati on, thgp &UéiirR Bidrétd stRIST0 IAGEER ulipBler 1 dnd tHolHBrdREHE SRRt fintdrilft vBBSrQbidress
branch m croiwisbd pledell MROS 8dkdss (ois@NBIDeadsH B3Fe RIXEROS Hddke3§li ThE @USI® E)bcprhrignd
1, Il be plcaseduea alofpwil thé Reremét Ypdratioti AL Hith MILRUSK sditomimendstRe hardware interrupts
ni crjopr ogr sm mdst be KiIEHBE By Sdting MODNBABAR a keI ONEIEeA ISInAS PUEH fbtdnietdd bytotjiretion
out gut of mmajwith dliraeeBntlopérition.S7a PUSHEmicroesremandtis wsgd M cofijur@tianonits taaLimicremprg fopération,
(1N m cr oc aheraunelt RS agiiressi ifidredibniet byROWillcod gitaeasisonf thectbopl of (ritih id@ess Gtagk TX intaddition
13-hit fi el d)tobécoing thewmext®OS addressoi nstructi on causes the current val ue of
the|ROS address 45 history register 66 incremented by 1 to be placed in the
ROS|address register for the next mcrocyche. In addition to this next
addfess generation, the remaini ng 9 bits (RDDT bits 4 to 12) are used to
genérate an 8- -bi‘t-'constant plus ‘a fitlrer “tothe 20°bit w de internal bus
38 during the current mcrocycle. -The current ‘ROS address contained in ROS

eggnerate an 8




EP O 111 407 Bl The increnment operation (INC) subcommand as specified in

the ROS address field of the microinst rggo fihapz i ti ates the sanme

operation as described above for the increment with constant (1NCK

m crocomrand) operation except that no constant is generated onto internal

bus 38. The ret ur Aheopeenesnt eparafidAQNCirbubcawoaTHas ebecifelis e ROSaddresstlieldtos themidrdirstruc-

top D& return alitaintisies He seme qOration 35 degseibadcreke dor thatinsraR@S vt donstast (iINSHinyi¢reqom@gnd)

vi a address nul Ppigliaegesertithas 0o eangfant iscierssednantorinternabkesr382 62 to be used as the

ROS address for t H AEsoperptiop IAFcTigrocommaggi¢ryspotie conteRed theligp alystugfaddyess stack 70 to

(hexadeci mal ¥ i% P?S'%I@BP RO %Fdfeﬁ%’es‘é‘ﬁ"t Bhyidpddree maltivkxRr 1 B endraggipsst yitivieser 2o be

time return addfs%% zﬂﬂ? repss 8 H”HF(@CVF'SC'ataF‘éiW" T I‘ﬂo§ PYBRFi 3 JObfheradecimal) is

bottom of ret ur'?f‘dﬁ‘aﬂi t° Rt e& 5 a?’ 458 sig cP°pped one

detect the casel %’#;8 "éﬁ goross f “g t?(":te"‘

will result in P‘ggase s %gfpegm t? i "‘éﬁ&?"mf?sé?’ eing
uen e whjch cation eca e o

sequence whi Ch

ration
m-cr ocomand) |(a%drte§§ M r%%& ef%se ig&t%e n pea ofgf t? T § % ?ﬁdr €ss ZF% ROS
t

bits 5 to 12 of tﬂﬁ &ih %lté’l@BS@g t}%SR(B@MdreQJ f.élcl”"ﬁoé%w&é?, register 63
operation. WiensQikehsl EoheRierf a& oo FelurSRAfekd 412K adsliniRh hSinfdrvbringthafily orb MforoRSccurs.
address field dR6k adaRas inteRGit SERF, th3reluRCE! P6BSopbiRfonCANEBRISly 88 bidasel @PcAEolled.
rgturn address wisaghceiiySol o pBo Bisckiopéraiod @Rér Phartivard Wadript dabud dudRg a REFGpSratichTs the
SHoul d a har dwasdical BduBGaLAtPST BE Puppingt the rBIBINULEJArebD froR QRY tdPPEIT @tuinO Bddvdsh Istack 70 and
efif ectivel y be ibypagag it te 3a6emicdyclel Pisting aadk|ohto i t6f oftrétern paPess tsBEKT0. It is this
erati on when candatuigdovaisypassing et pappihg @t fa8dreb Istatig 70a whiadt 4 handvapeih@tripd cdus durieg a
gl cal equi zalretah opératichghap alops thg réthre addrbasrstacia thdreasssd for @ntaih e eop aofiresses for hoth
_dr@s st ack HGcramehramepbobuiine @hllp andnfot ferdwatetimergigiee m crocycl e, pushing it
ck ont o t he t opBwfavingtha pnshageratios ontg theckack Esociated jwish sthiing theaelee |afidrerg fasthe hardware
passi ng of pdPgturgrorie wareelaitiel Pes sPesation: Rerfpanedi RS rihes Stgkr iR raiuring Bom @picroprogram
curs during &UZretipeenieen epmsletion 9bA harEware iferrehseryisparoytias. derfotu @fdess steplgfddopgnot
cused to cntharentobmable rsifuiansensy seov in oppgsitgifertiops o HFIRGP YRR AU qoun during
i1s and for K4 ANGEACK. Hhepotondiby whish tis-symulignepysanayeraent 1 paposts giiactions i§ Prepaated (..
ack associ at é Wﬂf“ﬁ’ t§}’t "'ﬂl“ihﬁ “ﬁ'e°‘?e Eﬂ ?F“ ég‘g PR peﬁ‘l s/ 'Ef';bd\ﬁé?'ﬁ"qdd'f grﬁ‘?t?f otail
'-Ut i ne cancel éeS;B per on Oafsocu t8?’| tUérH) per. tIOd1f by th K‘g e o era eassocra
mcropr Ogr.;%mw:klﬁ e occu rence of ardwar err {F not dve%j: M?F ﬁ tﬂ g i within the
rvice routing, the j &L&au Lo §re% .ng'% E&a l e;;\h its

mul t aneousl y A Srodrdhn ag&gf e ,c | rst

wn during one MyGriEKGhisteco L&h éiofaxd mxeCJaeaon%ualf.gu l(ﬁo'-umygs Wm%ot be
L opposi te di rggd inORs sdme rm&x%?ﬁﬁﬂct: vith - Ereturrl SHRraliBRlARA 1D Yodbh i within LREROS! Séiiress fisld
er ati on cagcehepPhis 0l £2) BIRuBRRY rBdultPWRininthikrbprit@ss8rddl 4 iesbeiigy. gr eat er

tail W th respesd ddsélivkd SaVe a Rarlh@dr®iterrdist 1oMdek b bRACKIE 8 AxddEOBVEdHrBsst THfis ROS address is
'Scussi on of Fe@hHigbdby alpibily RdWBIC{plinetigp) dhich RS valoaLdirop SighaB2ad AtetrGR requests as inputs
Soci at ed Wi t hrom regétetrss. Bp@¥atd inBiupisy caidtcth® et firm@are Qetskatdd RO atkifes© fpadegiusien onto
S0CI at ed 30 whet top bhetuscoidiessesiae 701 i the et (ROSTragdreestvess ital [idve teapsgenabted from the return
VET sel y af foectidrbdsestdck ol aobtumonitroaimmend. ioppirtghe thei retio iddrgssastack &€ &Lishibited dardware
ir dwar e i nt er rinigstuptsomyst e infiitited [wherfewerna £UBK troierpopeganais i rerroered tirh erderatet prateayythe
) i ts m cropr dguiemRstito deuldy push thestack:itheciirgt ushi beidg asspeatmLIRN tha RYSLHigieeammand itself
hi ch is coded ##the secoagrush baindcassacialgH with e gavingpfie ngiuficaddmgssifey t rawa@intypt

used in the sa¥eemire hardnae iiereupbirhil field ARYRS: Bt A49dp &r bivanb ANGN %‘I”{"afes'"ff’ﬁ%% are
thin the RS HiRiphse el pynpronconditignrhprdyatesinterryply (1U2 aﬁé“é’%ﬁ;?é“ﬁ’f’é’ vr' oy refresh
j thin nicropr ﬁ%cggtﬁfquﬁt)e?fe ':‘WH?EB ?"F?%‘H"°%§“:&’ &9( 3 :r 5“806‘2 utu)é\ y to o sgu(:;zg\h
terr Upt f or Cesg g rebm cPar eSS a no| g St98n res Ur an Bc%we;s VIO atlong or a emory panty
) etermned b y %rrgry al%rnlo l}f\dgrqtfe control gﬁgﬂﬁeélt 2} j&@%et vre Fnlcrocycles The
sj gnal s and { Hardwd UtsHubts %§so&£&9&"3v§\ é gﬁ iofd ca ot b éﬁd&{;erefore could
ijnterrupts causogc& a &% icr ,gslg ,CQ, fond b nhﬁ;apéé i) b&ause
tihe top of retygdy, SRSt o tmes as& ﬁteEa oRRHRSIESS eN@%or‘dﬁoMb@s not do a
%en gener at ed £, QbdrRn bethd/Eda A9 th@:@%lce%snofsaeﬁ% uY)br?th@-an%El's‘ lof YeilinCu @6 &SR being
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ppi ng of the LRk Whih RS 593 iS4 Bikdfy ZERG, a1 hdidWakiitt&Rlipts HRr Mw@Ee | nterrupts
st be i nhi ki t edrighieeuRivs an RShbIER, GRS niddrbitdiudién BEJubAcO.MBd Bin QbEas 100 in the
revent the regeguendemby be MR icrptdrarh heutisd A€ I, mitlgubprograrh rputiad abeiingny common
dssoci ated wit hsedilaceRigDlitrdinseliclioRrasaigdditd peloim & RMctibinat i aasbettho pe able xeparfgrm branches
ssoci at ed wi t he atyh@msavdisegead of eronetrudtions cRddeemslary eurpbdee, thamigiwawbeoutines indicated at
iinterrupt. Wien the hardware interrupt inhibit field (RDDT bit 34) is a
i nary ONE, hardware interrupts are 45 inhibjfed, so that non-error
ondition hardware interrupts (such as those associated with nmenory refresh
d dat a request)_ are inhibited (prevent ed fromintervening between the

execut i on of~ ' ; c.

m croi nstructlon) Har dwar e error condltlon |nputs to pr| net 59 (such as- - --.-
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