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condi ti OBuRME of the Mveatidnabl e one cycl e before the result and the 45 br anch
can therefore be resolved early. The basic concepts of serially coupled
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X EP0198214B1 sequentially in a second pipeline stage. The nethod
consists in decoding a conditionagpgregeiypstruction in the first pipeline
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The i ns§ 1 jpGitdeObtarehéavarsl bisd) adcBimbtafdt G whie Eintehte 106 thELLBImBE Udtd biscare placedcib ere
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| nt er r #pt NJPravabeyt ap il be arprRciaeior e required for these types of branching as
wel | . Becgusg t he brﬁncg executes on the phase two in a phase three

pi pel i ne tion which imediately follows the branch wll
al ways be exg ‘P gghe bl G %r'& a%c higdt&h ofthe B4t flow SRARNE Tand thhstf&Qhe
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iure3 fi@stratod thé MSiubidh 61 fofiat 68/@ilizal lfor felldad/nsarictytedmsivactient. i ¢ di agr am
v s fiaest the inshictiombitemfabior ¢onditicB@ branch instructiprsoved si gnal
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i NSt ruct i onsFigura 4Ritestr@e the indistimeggemm ackass wrifing varielianghthe prench seigtformgt ¢ he | oad
i nst ruct i onsFiguré GllvstrateChe Inptrstion darpal far the unepseitiqnaliang Rrapghinsirygliop e o1t he
store ifst r ubgurefA ilysirgjes the instiuptiop formak fo the gpnerd ?P:‘,'PP‘G(',‘WW"& t format as
utilized forFigyie6B Hysiiatpsaddifignalsomputy pstruption fqrygis - Figure 4A illustrates
the instr uctf'@ﬁegl"ﬂ'“*ﬂf’srfé’t"“‘?'@lr E‘B{??;\EEL“SW jror instructions. Figure 4B

| | ustr at igHze Insiry '°'i’
ar | ot fﬁneif F-gwqﬂmﬁte@%d?ﬁw jon o Tl i

progra nfac? i ure E:?’&eztﬁgétgt Rgcc{:fng'go SIW biigol format. Figure 5
9A

i1 lustrat es : ) WB Iig.0nal 1 ong branch
i nstruction : ,awsﬁgﬁmg%hﬁiéiﬁdm@s the instruction format for
the general g 5}9 mugu&sgmyg.gémggmuﬂeg%ﬂo@mdl lustrates additional conpute
i nstructy on ﬁe&ra%ﬁ.nus{%at&uﬁeemﬁ@nérI-dpulss‘csm Bisfoddd€li ti onal conpute instruction
formats. Fi geigae 98B iltRssthemghi dna lowl prddadt partitioning Gdntrdl foematonput e i nstructi on
formats. Fi geigere 106 Nidstidtés ths Madidnhproduntstartiiaingdométor mat  f or conpound
i nstructi onsrFigiire $1 Mustratassthenetpally the dnstucfiawpidelinmchf dBa towdordtmisigh decods and execeia
i |1 ust r at eghasdaef thé npan@fopbmnmhpm%rrwmbp@memefghesmwf'% gh bits. Figure 8B
i | lustrates Figwedeiugraioh scﬂematmumm@dmm'tﬂdéleswgl@@@r feptyrg, o ihe @fefqub ankedh A
i || ustr at ewertt bighevinxohione st at us regi ster high bits,. gure 9B il | ust
t he machi ne &igwe (13 ilpsiigies the linqapgytenfedsaddrgss °P°’a"°P|f‘§jL?F‘¥’t hrapghes gnd lealipg, p @ ‘ﬁ’é
mul tiplierredipiut scaling bit format. Figure 10B illustrates the h| gh and
| ow product partitioning control fornat.
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Figure 10C illustrates the medi um product partitioning format. Figure 11
illustrates schematically the irggdeysd2@BPi peline of data flow for the
fetch decode and execute phases of; the pipelined operation of the preferred
enbodi nent of the invention. 55 Figure 12 illustrates schematically the
ext ended argfcRgiuagatds Bt@mbitally theodsta fioe fop Bn intiecypragfapr aceads bnttionli - nent of t he
i nvent i on. FigaregiSrikustiaBssitiel intertacareadiwritdeonirdl hibsasiganantand @ctiopsictnizalied erelyat i on f or
di rect br afigurects ilwsithtds@adinmery of the ineiruttion foxmateesi ufjized in e preferep ephasiimept 4 B1

Fi gure 14 Figura 3% lustretes the Hrstrugtipre gdcpding: #nd eyequie gctions, fardhe yaoysrpppraliantcopasdlyr am
access ftweugsh7dex)- Fi gure 15 illustrates the interface read/wite gontrol Dit
assi gnment Figuri18itustratasdhedustivgtion feseringasd exppute Fﬁ“[;ﬂi X "f@p?qdﬁi%%%@ te)sunmary
of the i nsTUR1S itustrates,arpymmany of the infex conyrof getiang F‘E"F?sgcf g ‘?’r‘int . Figure
17 i 11 ust rEgues20 iipstratesa summpny gftheybra Bi"ﬂ?’mﬁ R sef‘"% P ?jﬁg{ fOf o #& Lyarious
opera1t0i %n %Qi’ﬁ%?fd'“ﬁigj:g@{?‘?u%er?' Timeye AR fnptien £antol PeTeR PR PEET NS sféruct i on
decodi’n ions f - ' 19
1 st r ag, 20 2 s § ey o A7 sRBBA BGoCbobck A inple bl R

thr ough " ERE s Tl i ra0of bd AR 6%, Boct AP blrcabos! R iRSGANG e Gl onal

sel ect maied therr actron. Frgure 21 illustrates the general arithnetic

ALU f {nctT gh& 9D iniateS ROG Sated Heldl thb Infutilicr Bnd rEdult &0é Bridedstdid Icgiehirtodret e Of

the i NVe&pdidriel embdding 22 il lustrates a summary of the ALU function control

codes with their inplicit product register access neanings. Figure 23 is a

sunaary metaildd Bestriplicalof thpinvéntich r eset entry addresses as utilized in the

pref err ed—enbodi nent. 15 Figure 24 illustrates in greater detail the

mul ti @l i er Aadedicpd echembticaliyvre Figuel 1.rtisdvenalbstiucigie of the plopessad cénrpetthpughy otdsdeing d

enbodi medhided Béxt wrb gerdraDweast the tnaio date flow, prsl theseguaniiog and Gontrol logies Mala gata flewwill

~ schemat i teadohsjdefed td-ingjudedhe]variqus dats handlirigl and magjpuiatipg-elementsh this,gofpeses diat ROFIN pe

"t hought abftheztdock diagram dFiouieckBel Thenteguaning #drrarire] logip. evhich inclydes i instiyction addresy,  ang
the sequesigerrbhR rirstrecion despde tegipter (DM, digss genprels (AQR Nb%ddﬁztg)yg‘i 'geﬁs?q'afg

i ncl ulhe GORECY RAGreRs DUF A9gister £ Aef ineex RRFIPrGlech Ralty and BRUsirustio ot HPri ses

that porPikehurRnost ffdigyef™ di agram Fi gure 2B. The sequencing and control

| ogi c, ich ipcludes the instruction address register (1AR), instruction
decode r%ﬂl&&bﬂw;—s on° addr ess generate (ADD GEN) adder with its associ ated

28 _c d ' [ ' I ; d
et S P e e i 06 & Bosg S
Abbr evi a{l ons %8 he ?éo ?ovm ng text and, to a greater extent, the

figures apgvaPRlfSankABbroadisnsl NC! uded use many special names and
abbr evi attons—These are summari zed here for conveni ence. Hardware Terns

and Alg,prgp,gsgy ons 35 BUSSES: CDB = Common tri-state data bus.
BMUX-~-BUS = ALU ' B' side addend sel ection bus. CMJX BUS = Stack 'C
outyut, MgRB SR sel axinmon trisige dabus. LMIX BUS = | nput sel ection bus for

| ef t 4-r e MIDEBUSS & ac ALY 'R sjde adehdseBlionbus. | nput sel ection bus for right
4-regi st erCNIDERUS gr oUftack ICAButput, MCR, PSR selestieivbs.s bus provi di ng i nstruction
addr egs t AMUXAYSam stlepubgplectioghgs for left 4-register staclogidfbn addr ess bus provi di ng
RAM and | /RMBERNS S s e dnpulispleporbusripyight 4enister stGeroyRs = Stack registers of
the "I eft"AQBr"oup. R4 Addfei Ry PIRyiding '"“'SP‘!?S__}%"‘%’@% ’éqt; 3 Fe%Phe ' right' group.

MCRH =  ©CA 16 FAMgIOn Addeess fes RYine GYiMa8 *Bt s (see Fig. 8A). 50
MCRL = ~ 16 low machine control register bits (see Fig. 8B). PSRH
= % REGISTERS: hj gh nmchine status register bits (see Fig. 9A).
RO through R3 = Stack registers of the "left' group. '
R4 through R7 = Stack registers of the "right’ group.
. MCRH = 16 high machine control register bits (see Fig. 8A).
50 MCRL = 16 low machine control register bits (see Fig. 8B).
PSRH = 16 high machine status register bits (see Fig. 9A).
PSRL = 16 low machine status register bits (see Fig. 9B).
IDR = Instruction decode register.
EXR = Instruction execute register.
55 CABR = Holding register for computed address or immediate operand destined for RAM,
I/O or CDB.
IAR = Instruction address register.
ILR = Holding register retaining return address during interrupt processing.
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PSRL = 16 | ow machi ne status register bits (see Fig. 9B). IDR =
I nstruction decode register. EXR gpo 198 214 B1 | nstruction execute

regi ster. 55 CABR = . Hol ding register for conputed address or
i mredi at e operand destined for RAM /0O or CDB. | AR =

| nstruct i onRWA& ess r eginttiae reatiAviRe Tontrol register (see Fighid).di ng regi ster retai ning
return addrRPPs= duri ng i Parial praguct pipelinegegister n maitiplier).EP 0198 214 Bl | RAC =
Interface rRPad/ wite coﬂtpd@treuletg'l(@tﬂelﬂlpl(egee Fi 15). RPP =

Partial pNaelTbe thsefelibwing:"regigiirstase nat physinal ragisisrsi Helecww-b't segments of the product
Products reegstes BP (se¢ Fo-#l-tiplier). Note: The three following "registers" are
not physic P'-r'egl éPHP?dﬁﬁHYa"?éP'S‘E?defﬂ’ml%" b|t segnents of the product 5

regi ster, product val ue sel ected from RP.

ey N

RPM = I\/E'ﬂ’”um pr"('iQﬂRf?d“ aYF' S0 Bﬁe‘éff?"é ‘p‘f romRP. RPH = Hi gh product val ue
sel ected RDWARE ELEMENTS: ADD GEN Adder = Adder used to
formi Mméf%&%%ﬁg[%@ “addresses or 1/0 addresses. ALU =

Arithmetic t ge
(16- bi t mréﬁéﬁi@yf W %;Egj%mmd'm P RREL M R AR AN 20
t TRGRdAWIE Vdiath

| X = pAMIExi ng con é(%.lﬂj.ﬁwo}&) ~FUN = ALU function
control;field (see Table 5) Note |g 5f usage of the foll ow ng
flag bitsnsTRUCTION Fomm:rgﬂusar " X") vaI ue sel ector control flag. LPH =
Low product clock control flag. 25 UE = Unl ock ALU condition enable
flags || MISCELLANEDBS CONTROINFLABS: flag. S| = ALU result-to-stack inhibit
flag. Al = ALU A input enable flag. CE = ALU carry-in enable flag.
30 e = IX = Mul tindekingegontro) Gidld(seafigniree’9).| ag. RE = Regi ster sel ection

ext ensi on flflmg SPALHuncigpcanol s ((spe SENIER)TI ON FI ELDS: 35 SA = St ack

" A" out pudoisicSee £ig- $1°e¢599;'eniél19ﬂ'wlﬂﬂaf§albt‘5 destination selection "stack to ALU
"A" input; Wﬁllfout“ﬁlﬂp"qux§tvﬂﬁﬁ<§°'ec5@°“"° lagst ack out put select field (stack

to CMUX BUSHPH Bp -Low prodychelackiceitigl #3@st i nat i on sel ect field (CDB to stack).
40 BRACH Ii‘l"l‘_’E'tﬁ- ‘B‘Td'“"“ °"ab'°ﬂ§ -anch type field (see Figs. 5 and
6A- 6D) . BCY 9t i Nel} sel ect code (see Fig. 5 and Fi gure 20) .
45 |v| SCELLA REC AN "ERVS SYMBOLI C CONVENTI ONS: Content's of 50
able-_ﬂg- Regi ster specified by Magnitude of =
L‘Q.gé cal ad
enable flag.
RE = Register selection extension flag.

STACK INPUT/QUTPUT SELECTION FIELDS:

35 SA = Stack "A' output select field and ALU result destination selection "stack to ALU "A" input; ALU
output to stack).
b SC = Stack output select field (stack to CMUX BUS).
8D = Stack load destination select field (CDB to stack).

40 BRACH CONTROL FIELDS:

BT = Branch type field (see Figs. 5 and 6A-8D).
BCS = Branch condition select code (see Fig. 5 and Figure 20).

45 MISCELLANEOUS CONVENTIONS AND TERMS
SYMBOLIC CONVENTIONS:

e = Contents of ...

(.)= Specified by ...

R@..- = Register specified by ...
- Magnitude of ...

= Logical NOT (pit inversion).

50

s5 Description of the Invention

The main data flow consists of the "stack" register file 1, an ALU 2, a multiplier 3, and the various
busses that connect these elements. These elements will be individually described in the following sub-
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55 Description of the Invention The main data flow consists of the "stack"
register file 1, an ALU 2, a nulgp @hegs141 and the various busses that

connect these elenments. These,elenents will be individually described in
the follow ng sub- 5 EP 0 198 214 Bl headed sections of this
speci f i heddedsnctiohk ef tils spwcificaldamt a Bus (CDB) 5 ‘The main data flow of the

processor is organized around a 16-bit comon data bus 4 (CDB). The CDB
serves tToe Gemmen Da@-BUstCRMIt a wor ds bet ween various el enents of the si gnal
processor and to/from external data nenory and /O The CDB is actu

two s&par athe mifydate flowobthe RLOEEEEY sg?&ﬁ“f'"%?rﬂ?“!‘ 1%P'$°°mm°gqﬁ§afw8,4 B- & &? ctlon
is ver y smtoagmt Fﬁeb'ﬁ%@"?srm vRrars m%‘sl%tqﬁhﬂg@ﬂ PHAESE W PN t he
chip, tIf8 Wr‘i‘ﬁ‘l’ t of he tlg

%EI V. | e,

if an lmTe H?_g@ | gqi%a P OE &a an oﬁ g nlg%lﬂ]rrcgfﬁewp

ved on i

reQI St e vate% eyf\a;m F BH& 'lsam 9 frbrﬂ h%r :%g &r&@ h@l&iﬁ&r nal
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assi gned) i t B|t S) roci ca% ﬁJngh bitC ?—fs %eﬁ@d’dﬁét@éh‘fa Rh. the
| ogi c as $ EieE%ar?yYSi s QelatstPR PafibiCiddudt, formatidhnl When the

P
i ndi cat es «johe pRakd .b, eﬂtr is M&&edl dé abp6rindin RATALD Yopéiitias, m\owm%rseldcted &cthe ALU
condi ti an%a.%neufhat« wilYhub BéinpietsSthe 1Bk producb RRnalid padtiuctanded.ne mul tiplier 3
("X") scal i nesrM S bl AANGEghCIB MtEgéthbrosithBRE dovain MTeimatiohl SonbBimipg thel Uast ALU operation.
PSRH 8 bit 6 (BS) contains the sign of the last ALU "B" operand, while bits 11 through 15 reflect the result
of the last computation performed by the ALU 2 (last result sign bit, last output = 000 ... 0, etc.).

55 Machine Status Register Low (PSRL)

As indicated in Figure 9B, the meanings assigned to the PSRL 9 bits depend on whether PSRL 8 is
being read or written (loaded). Actually, PSRL 9 can be considered to be an 8-bit register that can be read



Al'l the PSRH bits are summarized in Figure 9A. Fromthat summary note the
followi ng: The state of parity Gdpeghkegsiafgr the three instruction bytes and
the two CDB bytes are placed separately into PSRH 9. Wen a parity check
occurs, it will be possible to determne fromPSRH 9 which byte(s) fail ed.

45 Becaoteds tnhed 'tX'a stegk regisie aliledtly) bat ingant beploadyatonlm rihrpugh Eom¢) fafrly complexct ed
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and wi | 1The Ssup? andiCrovpr InEfiq gomumend pitscyespeddively ata afsp usqdiii onkynifia with BRWRAd An

i nt erru&“qné?@l‘i'a‘%"?@?ét“ 'FfB‘ieﬁ%.’T I" t%ﬁ‘t‘-! "t e corres ondl | nterry t entry
addr ess i sTeoadFd gnp pwné tFf’te%rrupt
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Not e t hadhd iHaFREEmdMd tit@vdnfes R irstEakérnsmdn@r the 16 bits to be considered as
two 8-bit control bytes, one for each group of four interrupt signals.
These t Wastgétioh Pipelining b SeqlidncingComtrélol s for signal s received on the two tine-
sharegs i nterrupt signal inputs 18. Wthin each group control byte, the |ast
four bits Tergeseraltermnbqubmtinglandchuiiral dagichistused heneetofdemotet the logie esedite sequentially
I e pres endccass insBuntions! foatauseslyrariokssi and Untefrupts, anddo giecode iaed pxeckte indiugtions jthet e
group. Bictess®l. lrosien 1 upderstand sPGRIf tharcomeplexitios pfeequepailtg) ibis nereRRry tefirst undergtyrd
resets t®moting seputinstryetion pibgiisien b rerrereRson seihat willbe giscuysged B8 ar e i ndi cated by
bits & follows: The "CLR' (clear) bit causes the interrupt memory |atches
speC|f|eH‘°H‘§F"t“ﬁ'8“?'Bﬂ‘P° address bits to be reset. Group 1 CLR used in

COI’IJ unctio auses. t he hBe |ne 0..exi. optel QLR ther aﬁ’ca oper
b ﬁ %Ehﬁlﬁ%ﬂ is b éﬁsd 330 (8 Eﬁgloge%lléﬁ:o g
gace i

20 "Pr o|c§‘§ gt 'é el
menory S oS lb
and G'buf Sl RRT e si pm %«@.&E(aéfpm Broh st ds%

POYR and,y; ) th Blufre Qhr ﬂ\‘ﬁafne &Hck £ é%clgsfét@f deéo@@ @hd Gﬁb@lﬂé LditRdugh HHa

T TST+" (Sﬁa&hod Bfe%&n'dﬁﬂstr&h&gb% mBfnakydey fOr a level) signal causes the
i nterrupt ARéBcHettdb %hﬁ& pipelinG REsubH ihﬁ(in fétrichiéh Befg fietehdél isafof "vidibleS td e Bentlet | f
the i B elofiblBt thé inGbiide. AR indifuiclion first bddmed Visible oRlp bffer itheplacell @nthe Inihibtion MepowRNd
execut esRédistez ADRATY &iCthe end bf thd) tch dgicle Eactbinstrugtios dachee drom \prdghaen storb 20 fimtiret scan
cl ock at pihdee il theTmstaittion Decods Register BDRYCE; @ ndwyinsioction fs I¢aded ifto UDR onreacly ¢legh(rise)
signal s tise.scanned at a tine, it will be necessary to execute four
consecut i vdnstigansdo MHdsexemedﬁandmcmﬂﬂn déaaddr dogiei 2y dusing tmet magching cyglp Betder
to test folimvspod the fesyitsafe leaded intg fthe ExpauteiFepister 33(B¥H) aishe k (isgy@ime. | f npre
t han one ofBranthes telsp aeaquite prpamechlsp wcycle for dnstruction felsh %ﬁ’é '1!) durjng dhe 8ACPRslAj ng
wi I 1t akeapfnaciele. bchediAR 16 diriveed wih the franefra odizes RrpRel is taken) g4 fhe
regar dl e8rd ghthe\rpeepd exclaciio additionalfigrdwpre actigp accurs o 5‘(‘1'&' e t\‘—'ﬁéyﬂ i t
overrides a TST + conmmand. Instruction Pipelining and Sequenci ng Control
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35 The general term "sequencing and control logic" is used here to denote
the logic used to sequentially acepgsidgmaligicti ons, to cause branches and
interrupts, and to decode and,execute instructions that are accessed. In
order to understand some of :the conplexities of sequencing, it is necessary
to first Addiess/Operand Fommatiorhi ng about instruction pipelining in the
processor, so that will be discussed first. 40 The Instruction Pipeline The
preferred erY¥hielpmiasiuctiop i IPR 48 iseing, ﬂ@edthrag@odmgt. tha opérand ppitioredf ithakingbgletion.dft ed
schemat i cHiPmeys g, icpRpratas on by theddress Genergle 'éi?f—%/ hpdger {14. Fhe inpyigtothissadderdetiaen i s
bei ng f&t E‘ﬁéﬁP@"ﬂ&fﬁ veinsted frerm fhe padieulsy stystiondin 4DF bejacAecesiad (ag sbpwyn indfigurps9) and

i nstructi ﬁ °P'§°“ sﬂ%“t‘fﬁﬂlé‘de’f '89'“%’)(‘5%&41 Hglgé’hﬂ f‘l"%°§ z%l’gs'B’Elr%ﬂ"éﬂf tB‘ éﬁ’%‘ﬁﬂl 'sor

addr ess, d '
execut ed. lﬁ? EH %ﬁg ‘é'ﬁ a;:g@ éﬂ in
Seen) t he{n ion i P < "n rcss orl: to

execut €. f rh"(ﬁ

mrﬁon

cgme,ﬁaﬁ H o e ¢y
The ar chi |4'ﬂ 3 g@f acnﬁ,ae e!f%eﬂ%s'amns.t&lhed
'S not " Vo eaeng o F@gs Gltsolfz D, L o
first becesie brﬁh@ku&uﬁﬁuh&xﬁé inies loaibtvel] PG aan%m& doBSoh T/ Gib 1ADD NG

Regi st g5 (4. prSbagdtion £ b8 THibRdd at A6 foliGWirg boié @k Show bl bdighet i on f et ched
fromprogramstore 20 is first placed in the Instruction Decode Register

(1 PR) 19; a new instruction is |oaded into | DR on each clock (rise) tine.
I nst¥uctions in IDR are exam ned and @aBbHeal i n decoder | ogic 21 during the
rachi ne cycle that 55 follows and the results are |oaded into the Execute
Regi step 22 EXR) at. the next clock (rise) tinme. Branches also require one
machi ne cycl'®Hor PAdfruction fetch and are decoded dur RE§HHRSecond
machi ne cycle, but the | ARMddress IGendedtot tAction br anchMb@umIckcnﬂsess
(assum ng the branchsi s taken) at the end of the secondcgw
addi ti onal hardware action occurs norrmally on the third ¢ e olf a- Branch.
- 10 EP 0 198 214 B1 Address/ Qperand Formation Wiile an instruction in IDR
19 is being Gecd@ded0i n Necestery Ahhiblie openesid portion of that instruction, -
if there is gpne, i sjope erate (ADP, GEN) adder 14.
The inputs t(g th| s adde?ﬁﬁ%glareag%y Egoﬁ\gﬁelirg g?"?s selected fromthe
p‘s.th cylar instruction (| [9:5 bei ng decoded (as shown in Figure 19) and
the content 9 of 1t heOspernhileik icatey fegmsber (8R@o R4, or |14y or a forced
zero. The result of this gddigH. on is either used |m"red| ately, as in the
case of the Branch instructlon, is |l oaded into the Conmpn Address Bus
Regi ster (CABR) 15 aft t h&PRiBAL tqarFEYt hEoBRBHL T S ructi on 2%Bociated with
it is lssaded into the Exdsit e!)ﬁRegl ster 22 (EXR). The contents of CABR 5 can
then be gated t@g thg CDB, I e 10 in uction in EXR
22%r the C%BR % content sﬂJbe use rgéggﬁlt'a%&r ceBcsesLL%w a the C%%rémn Addr ess Bus
23 to access a RAM 24 | oc2tt &P whose contents will be pl aced on CDB 4. \Wen
the ADD GENladdér 12 i sInlsishit @afreymfaomalsibi &fs,tot he addi t5xn can be forced
to be cPrcular on one of gjghfs sel ected boundaries controlled by MCRH 8

bits 12, 14 and_15 (see_Figure 8A). This approach to inplepenting circular
i ndexi ng i nVol vés sél ecf’i’@’g? Ct‘?l’r)rB’l £ray l&&?r% Fopagat i P44 the ADD GEN

adder 15 14. Carry propalgmlm can be inhibited at the follow ng points as
shown ip the tahl e bel opnn HBLE A0 :MoRbie ¢ ed 2048
Resul ting Address GCenerat or Aéctl on Modul o Address 13 14
15 Conput ation 25 0O 0
0 No carry inhibit occurs. 0 0 1
| nhi bit carry an &b iindex)§nird? fiold of an instruction (IX) specifies the md&%cfiﬂnt(segaﬁgun%omp The 1
0 | négi rigbx ScihirdSIYIogldc H&XGUeR! X an® Pererutes an appropriate carry inhibit signal. fa4adBitidn, hé. logic
causes the selection of the contents of RO, R4, the ILR register or zero as the addend to the operand value.

ote

Instruction Sequencing Logic

85 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
selectable inputs to establish the next instruction address.

The output of a "+ 1" adder 25, that always produces an address equal to the last IAR 16 contents plus
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0 1 1 Inhibit carry frombit 07 to 128 35

bit 06. 1 0 0 | nhi bit qprg yog 314y bit 06 to
256 bit 05. 1 0 1 Inhibit, carry frombit CS to
512 bit 04. 1 1 0 Inhibit carry frombit 04 to

1024 bi t1, i93eleckdd as the ribxt IAR 16 input when the néxh éduertiial dnstrucfion i taoghe fefiched (r@mtpsPgram
2048 bi tstofé20. I n al |l cases, the index control field of an instruction (I
speci fi es Thheutbuldttke &dnreseﬁe(m(mpﬁﬁﬂé’\%w“'W@S“Wﬁ!f@)(‘%‘@ﬂt"f'ﬁ!‘ a diggt ¢

decodes bfapchdnekegieder at es an appropriate carry inhibit signal. |n addition,
the | &gi c Thagamsents 4 thelLommen Patp Bug KQP@ E&ﬁ'ﬁ‘é %5'6'? "?R’Op“t af‘WE‘"?"ﬁPfa? Jister
or zeroegesultthe addend to the o er.and rluct Q&Jetn gi ¢ 55
' ne-pr ¥errn ramsize e i pelo ooy 17 RS °rg’&%£t§.ched
is al m%ﬁ%ﬁé‘ﬁ%ﬁé‘? PACEPSS 19 ‘1°rP«‘5°‘?%'§‘P {5 AeAgYPESE ecg?]rfes shown
in the U o e&%?mfe% n&eck t.ebac@od ARiss O
oo z.s %ﬁ gmﬂizﬁﬁ b i‘famgam ey

t hat %H hild Qistrrdaﬁ'on Naﬁ oihg\Rtchél i i sl

EP 0 19 2(:al c{u}i'leooﬂﬂ?ﬁﬁ (+\Radkbr b8 FF‘HaII\W&? Blo&ifimd) Enhn

sequentl udtibP N rs‘ﬁﬁﬁdb@ﬂto'ﬂ%l é?ru ﬁn 6do8dRshister ADRPOOBE AW ifidtrGEtion Sdint vilae N, put
of thg 4 d££§§,toq‘ﬁ@egate (ADD GEN) Adder 14 is selected as the | AR 16 i nput

when a di F Re daed) albranéh, 8 @Heaslioaded at clock e 6Bl Wit CIB 4 bunte@s Mbaoilat a BuS
4 (CDB) df fhe MBD &N 34,1 1ndiBe is RitbIIedidE Whatiier thedraneicth b exeaatéd is of thdiettoed.
When, an ihditb® bypelpt service routine is initiated, the interrupt control logic
A7 Wi |1 pronsi 1nkerudtio Liako Beghstar i18.(1ER)i shoverrin Uptprmmbl@udmyg (Figurehd) tpeitelPut nt o
| AR 160 fiotn thd BB 19cThismasemssthat Whiledtr ILR 83 runs, ft plwaysanteinsghasaddiges of the, st instyptign
" Pr oc es Jetched i{the wstructisn in he iDR) 19) Note that the slopkdriving 818 JI5t 20 Fontrplled 19 Ipgkehpn, i
oper at i amocg$sor $wischee MME@PQFOWﬁ"eS%ﬁtSE'HP%a'UWW% T'I‘”ﬁs"{hteﬂlé'l 'F"‘Gﬁ“%ﬁ&?’é‘ ed, th
Regi st er!LR 1Ry stpe, qogtalpmm@eu-"cm sP?i‘es“PWS‘EQ"Ue £3 ERProRriRle @ 3 T:‘
i s used 35y2 praoghr daginat %‘"ﬂg sed it rcf:l dn:Then
whi | e2§ nderearRup oﬂa‘?\l‘q%efﬁ@?% df%‘?%— ﬁ &?n“ d% ih 5! lf"é %r 6"“5 VAFUESN +1
is for ne?lheb?‘a'l AR TheUtR 1R LUSAYTING el 1) crad iy 'y, at clock
tinme, n Sh@&mr‘tt'cgn Nis loaded into the Instructi on Decode Regi st er
(lh_[/)tR) 19, "H%(’U VAT '{'?uctlon count value, N+ 1, is is |oaded into I'AR 16.
! he cas e the fte f&rﬁ@dlh&tlrﬁéqgﬂ Rbigriel Gtk thd pRticRlal BRbutY WD t he
ChB 4 Corqg?h mte )ﬁ Tpro AR of Iflerrubt s@uckli&d i€ Prolided. If,
control | bvel PFanildah i ruB@ﬁJﬂ&urSN@@bﬂir&ﬂ if SanOfe &dhRvedi ye prograrfiming.

i ndi 1 ect gdoyi, r'@tall ShdufitUst tidgR reduiirdd o aPlefbr lintdrbupts IaR)intehi@ine Benkephielatively
pr ocessogmgnl ock diagram (Figure 1) takes its input 20 fromthe I AR 16. This

nmeans g hat while the ILR 15 runs, it always contains the address of the

| ast—.i nstieNativetitoupt Sthewre(ahdis Elemdntsuct i on in the IDR) 19. Note that the
clogk driving the ILR 25 is controlled to | ock when the processor switches
to the "f ombgprefmalembditent iraplezents iacetiva intsrmiptiryctusr comprising, seyerab parig fat pevider ypt
i S servi tvedntertuptlevelsRalled "hackgroundband "fasegroundy; iejviduakintagrypts gfutriggegad by externally

s ubs ecfeieganbrpted 3ign apnembered [rleighes withip thedaterfurblogic: £ﬁ"°dn@ 'ﬂgfé'a‘s %?"'t?P r‘F h

dest i nat prshied, i erder of prigrty 4gep @W"@?%W"?“déte“'fb '°°
Fi gure 5kvel awscee%fm %c"gf%?de qusr@u"g f "' :fj’% j:
be used P?S“"t‘eéf‘ﬁ?tﬁw ﬁ’" 9 hing o te Trip

Of en for insiy ctu n ipelj
The ILR f&!iﬂ wn iy ces , §., % ing ﬁernat.
E c o the rre

g r‘EIpt rehite |5| Iud th %

enbodi nefft f Intorepipt feHos Ur p¥e ntS@ﬁmtﬁSﬁE' bfbﬁs ad ﬁwfoh@“‘lsetﬁ rénﬂmi%%ndlfd rst,
the Tl exibj intolr heﬂjghe' F!tem %) s@WHanﬂe lafth lcBrids to@heViéVel Rivitedis résal R6te that
Structuresyjgs apfn%vrh ondifg at 5éMe 16V APbtRer m%rrﬁwﬁ Vbl caybeaBiogdaikedi Nt er r upt
structyre b Srpd GRdnuimask B.tscoamauhya iRMCRE S s 08/ thiBighOI528Me Cselecivalp Mbibiy indivitel
total anDUpdndiRg intsRGits: AR EdHbinafibnto the IBhiSINEMRIpt levilseran b InbibiteelSTrierNGHIcBits an be

kept rel at b/ dnds68at 4t will by programming.
3. The interrupt control logic 17 causes an appropriate interrupt entry address to be inserted in the IAR
16 when an interrupt service is begun. This logic 17 also controls setting the "force NOP" flag latch (29

55 in Figure 1) that causes the instruction just preceding the interrupt to execute as a NOP.

Native Interrupt Service Priority
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35 The Native Interrupt Structure and its Elenents The preferred enbodi nent
i npl enents a native interrupt st rgpbqgngpg:prl sing several parts that
provide two interrupt |evels called "background" and "foreground". .
I ndi vidual interrupts are triggered by externally 40 generated si gnal s and
renenber ed o natigldxed inwirtiisigndl Hisesi 18t ate proyided! i ghecprocPssnidimpdyle; interace (naics!7de e
ser vi ced,cohductesintadlpe signaisrinto the grocesisorpEach rof thyse(livesc18-¢ag werey @Gtp fouptimermuliipleed upt
servi ce batgrupbsifnals. latyupt sigralsraméamplet entp the dhes inferngpt Inputerlortss yidpredeatéol pfr ip-bit

" backgr ouseal' cldcb 22, 189C0@nd$AET. and the 1 AR 16 is forced to an |nt errupt entry
addr ess confashstihe sight\wpssipletitierrupisigsplp ask i eo5ais has @ spreific freg iepty program

i nst ruct i Yamage 20 wherd tgst procespingywill pegin when ’5.'Ht *?eFYt"él'"r'ﬂ' "e gheF?)P cﬁg 835&7@' ute
as a NOP ;@'ﬁ%@@%’&t’@ 'Q“E?rmt'?'@‘l?%f"?éﬁ'?' ”" (Fs mter:?‘ ned
| at er. 45he o Rl

| dent it egqoqeﬁamp h iy %' rbég T ch{b lgﬁté::ﬁ{\@?{ﬂaﬁ ere "
This i |’f’cl rr %w p Istr;'e '(%Bﬁ ﬁJI gre errent ed
in PSRL 93 so n P g atp bgﬂntlamp?srdfelﬂ?ﬁfare maﬁ"lﬂuaﬁf' reset

I nt errupt heﬁt%‘?r{té/{,\ﬁ ﬁh gding to the level serviced is
reset. '}1 en an |nte rupt |s pend| ng at sone | evel, no other

I nterrypt vel can be recogni zed. 50 2. The i nterrupt mask bits
cont ai zegdmgm&tl\/[:%ﬁa“in&b ts 08 through 15 serve to selectively inhibit

i ndi vi dual RgRelingt sighdi @érisiieloba logely zei@itslahé) thinkiioh thift istdetected Ighdomparing presgpt and

| evgl s cagstempisthérihg Mdttipiekbe inkdeelit sindds. (venes auchbeesigret is axtictedz 8 datichawhicti ¢an boy
RLOGr anmi §@mindd byl eddihg) therASRDTY, B0sat toolembrolgsr chelavent.alfl integrupt rseratiop iSOt inbibited by

| Nt er r upt MERL Bforattll paricailat tehrept ittt eccuset, iam intavept | inifRtidnGseakrase can tepin cacgipinat
servi ce i MCREbitsr8 thibtghsis lindiyidgallg Whikik sevicedortthednterrupbeignala § threugh 7mbprcest (gt a0 5g

| at ch (29in®Bupt sermiceingjohitited, Jihet individuelainterupt maemony raiehy witk ramsis gt 3d "ﬁﬁ' é‘tp@ﬂ i tﬂéf‘et he

i Nt er r upt saquencing ogic yh%h@mm'awm\kbﬂl i togqt o ApEblataicec e Pr j or

198 214 Bl Thwinterrntimemen dachpsean indis r'??ff" W‘P’H@? ppading aéa 'P’

procesLhr Cousa P avenig:anyintefrugt pr ?"t‘sf "”’f"?)to a‘it“ﬁ'[ 'P e n
processor ‘;V Eacfg;gr; Rrige 8; e | %gﬂ w%?'%m' a" ° '

i nt errupt magke e tvvo

i nput por ¥8 %WB‘&“B%?F{"?‘&?;—%P Sﬁfviceaglgtgn ¢ o BE | SCCO and ISCCl 5

Bach of t P%’% rPa9veS|nthu lln'%tigll;h(!['ilms signals and two resets has a specific
I'n

fixed &t ogram storage 20 where task processing will begin

when interrygl, .l’ t\‘é ah\rb inSibolidhb B&in &9&1&@ b el HrocBSAEN ife 85 Backglothadtdie® gL as

shown in ﬁsgé” rgd orvith Fentin® iMefriiR, theXBloRing Betbiericé 61 sdhts tiked plliee S SES f OF
interrupts kbt ihitiaddr c REt dodkp ukIskS BeSnsBictiortl Fvisible Lthe tsifiction kiadod@ RgE@O

Hex] i ngtrugd omSisHok intbrapt! gétbdted! Blot Cthdd r§piné Sidtrictidnar arel plivayseprotbae, [Sorox 6881 Ng

for each | eyloctsd, akdsomemavaabietigld moteatiore Fighrahe meitatesi wilob finstystions exetpratasted and

| odared el sgend@lyeholwnhelfotedtitrsis Invakbd.on st ore 20. An interrupt service routine
of arbitraryg. ¥ aogtdbctaris iralichtod & die ioswuction being deagdady) andeif an Jnteiyel, is Pendig. an
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mul ti pl i cdt bf ""?*'5° § SOEaklo b, (FUD - 1 Like the STC
I nstructi Age gé Mrl g a.i %%béeh% pﬁhit:até 9 #eO&brR linsfrieidn 199 Of
the ”“' “ uShtiaFdr i rét.ﬁh As D TRWE oY etde RldbE o Likrsently S
gl i ﬁ% ﬁ ct|on specified by the high-order bit

( FUNO of 't é d. T onIy ALU 2 function control codes of the
form 1XXRFI %nrml tiplier 3 pi pel i ne nmovenent 25 in an LXC instruction.
Decode actions for the LXC instruction are identical to those of the STC
except thajy iEAe r2as MJGRLE bittie ¥n)Cstiuttiohs Siph bolvad &) endBareh torgeBIsl) vesuirgthat
i ndi Cad EsktenslonFregistére inlifle LEAFeadapter 27 8 Gadod fioin izt pranessol Theasehien@eluseidfor lgardingeana
| oad i NMmextbhidneregistaraetutesamédution ohia ivodnstrindiorcepaiEinceatonsising of(x Leadiingtructign &dlleyedt e a
| 0Ag. exeind specalicoraiionalindirect Brénoh stugtion SWithethin sequenge, dasctbird: hylecof the extprded wordnt
t hat t heis passete shebledtert arieptey registdr viadhei Gemmop Afldress Bus PB(CABY qugng theythird phagef of
f or mi ng teingickdt ransh inBkushiondvhen Hes@AB 2% e elberise naf ugpd- ITHR-@PNPHA! FRITMRh e sqayience
What everisthe | X field value, the result of the index addition will be
placed in CABR 5 at the clock transition ending the decode cycle, at the
same tinkPahe decoded instruction is |oaded into EXR 22. Like the STC

i nstruction, both a transfer and a conpute action occur during the execute
cycl e of c%ﬂ‘?'t‘ﬁ "?'Wgttwglflon One of two possible transfer actions nay take

pl ace fhen 1 he, el \% cegsor and 'tfe % Fﬁﬁ%ftﬁﬁ thpos ot | Ridkliol THABGEsAL €
oper at | Ommg%ﬁfgqm fm P Pa855 O £400 inloldh o0 R tlbvtr BidSypds GICAB)
and on t 55 b %b'@'?theﬂé RlicHing(sp |d||£6€Q|>o oﬁpbﬁﬁhﬂ u%ﬁ&tn&rﬁ@&bdbﬁgeﬁber)
during tBe =L (‘ch\;sgsﬁgg&gnstahﬁ&ga(gata are |l oaded into the destination

regi stsgr af. b 6 fied pisck, the Braech i tadn 6Nibt Bgpeiditg o ERGsBlodtion Yithecbrarich corkditiorheslect
transfer igade(B0SRE nfalkA HRLALD 2, defaliitcondiivh€mins the breCSMBR Lerdiimstratiored t 0 t he Conmon
Addr ess Buz 133 tifhd (hig-6rddd) bylte ofbie estededisddeass dxdptesestsd Iy thRARAR 4dapter P7 @ tlat a
resi di ng acConirmtAdadstBas $CAB) 3. t hen be placed on the CDB 4 and gated to the
desi gnat ed Addimstrateeitin Bigure ¢3jiadioad/BC segaénae witthitbe bianghinot taisen 4 yspdie 'ea#dh%gﬁemab
executse twied regisrs.|If d LoadiBEl{Rrangh Canditienab witthstore) iskibitedRRcede T BOSBEF 11139

actions fsosxecuted, hx@ctialdaad |0 thecptact | gogistes 'sg@?‘lﬁ‘ieﬂl'" aqdifien, {9 1, jectiop, of g d@’fl ned
for the STROBEhHeamuency ifeuseh i WPEMElt anlitoct Branch gf GOIQ mith gengpd pqqiessipg: Fiers the,

pi pel i ne BCS cedgyig selsctod e 3t therheaneh 54k der FUN bit (FUNO) 46 rather than an
MCRH 8 bit as noted above. A general comment about the conpound

I nstructions is necessary: It is evideat that the conmpound instructions,
STC and LXC, do not have all the individual control bits that the Conpute

i nstruction has. Thus, in order to specify all the many possible control
options for the conpound instructions, the states of the individual

control s are |rrpl [ ed by the ALU 2 functlon control codes t he FUN codes In
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5B. When reading the tables, it is necessary to be aware of exactly what
type of instruction is being consgger@ggppihat the action defined for a
particul ar FUN code can be correctly interpreted. 55 Additional Processor
Features The preceding two sections describe the essentials of the
processor, if theltwsinsigctioh Sequénpe biendeddp brac/BAId iBranchl andrldrkingiredt; Qpcasiet= OTMR BY =
section d‘ealtlse MR 15 iscleckbditonsagpibe redum fdsizeiss) foe the (bfanethie addition iththe aglion ot the BELIA| v
di scussedNOR B forcedHpY t3e ibg®ctid Aoliging the BAkli kordiBALI meer@?feas@ tged it prayidethebranch o
descri bedandanaablllmvéwﬂ@ﬁonAeMWF aﬂ@easme sh‘f' The Li near

Ext ended Adﬂ’r@g‘!f#'r% wa#f the EAR REdyring P@"Ga?P '6 t"tﬂd% of qPerioR S B RICRL
8 bit 0, hatsvgiestesh{DMA) mamorgacrasscatnat ba hspd-w W’&ﬂﬂga‘lﬁ’ﬁsﬁ“?effé'?’}‘ uction and data
store addressabilit of the processor to be extended by an additional 8
bits. The'“F'E?ﬁFWgﬁT Est?r{f'ﬁﬂ sh this extension is contained al nost entirely

inan 3%2;; t;eist g\?’x?ofea%hi s S'ce *}sad ecvﬁt%%@r Bloye I mﬁm.ra .
é’wz g

Figure 12 e a@a a&. SR 1kt ANS
are accony 5\& &ﬁﬁﬂéd S Borfe Bkt 41 o6 Cuchebibont 115 cdnfréhprogine iV bel N
the foll 0 Qed"@)ﬁrowaesall the erféPcHe & 066 Pqditell o &péiafdWith @Iu2al oPfembie hbsd. 8
bi t's e%hﬁg&é 14 1918 bloBi iaghditl f%svon atﬁ goRdwagipat ers, |1 AR ILR RO and R4,

of the procCass A furlclinlis Mplembnéa th iR pAddbsstritwith Awlsispacidl Hradehtindtroetion: valiativds) BIPABS | n
t he procegmeh, (RAAGad) Bhc BIPAWE(BRINGY HASWER). ahdl BIPER Ynstracsipre périniiseény instauction from

pr oy ded prograd StoROZDIL @6 redd inkOthé ratessbits mtoenaliegistars KRSCNH MCRH M) whess it can then be
copput at i matiputassd as @atexX BIRAW dnstractiorhausss data frerh arpeig pistagk § registefsorithin thegreceRseroded
by t he 2b E40 oaBé piddRs5) © beohrittencas lay inbtrugtipntiteea sregjfieddnstieation) Borg)2q lgcagien. f et ched

i nstructions, 20 including the instruction type, addressing regi ster used
(none, ROIPAFmaad Ppgrgtion br anch type and the signal of the di spl acerrent IS
used in conjunction with the address carrl es, LEAF and GY, ?‘H)"ntap
LEAF adapt er™o 1PA Bead dnsfspciions BIF ngificge: ged H's'f' "lre% °

addr es <5 e REEn SheFIRAR ipstiyctio j§uged ! WPm's?"H"gt"ﬁé ‘%'P)g'(?%}%?b' s PO for LEAF
operations is provided to the LEAF adapter 27 by neans of the follow ng 25

i nterface sij g efres—tfre—ttR-rot-c—tat-cin
status. 2. FBffpgives lt RRsstakeish the -oneq&eanﬂe%ak.ﬁéeund latch. 3|
Taree IRV\C Interface {Read/Wite Controll( bits are decaded to jndicatp if

the curfent [instructign is sequential of if a branch has been taken. Note
that | RAC cenfirol bitd sBrandecADPRESSTEWNBratchf ebennb;mss in the LEAF

node (see Fjlgyre 16). |L Lan I niL L 8 bit 0 is oni,
i nstruction @i’jgh as ogﬁgb%)ﬁg’ﬁhhgr anc EAHBE’[BB% N?ng re that 35
ext ensign r ¢gRBDRESSI 1] t he LEAF adapt er |2IDBecbb&esdsf tonREhengr YE&Es pr .
The schene ﬁngor | dadi ng an extensio E@gl ster-requires execution ¢f a
t Wwheisnst rucgi on seque cé'consi sting of oad instruction followed byla
speci al condrtTomat—tmarTect bBrancn rnstruction. Wth this sequence, the
third byte of the extended word is passed to the sel ected adapter register
vi a t heswCoere ADPRERSHS the Bedsess of GAB')““GGF"I e”t“he th| rd _phase 'Pf th nd| rect
branch i nst r TRetBIRAR is dryariety ¢f dhe "2’33'

form of tHals E‘f’fb'é Figgre 4§) ""\'_‘"6 ’?elc' 'r?aﬁ'g:; %‘Sf%g foa}ce(gﬁogg cu Qal
o gyte 0

f1 ow bet weef: @ %’?\"g 1?
addr ess i.ns i;°“fgf P h(?cfaﬁ'sﬁ Fé‘ﬂorlgw t ases t gqu'g?ad

i nstruction : : doll BB Snsictib BecBilHdSRer IPI0H & &ﬁ@n#s
Then, the f aj{egc A atéé nilh ﬁlgs%feét%a 'tl%nﬁéln gr:ﬁh'?&%ec rﬂﬁtﬁHQé'tﬂ(ée * BiftCars
0110, BT = storrodil tg% 88

rQUgR 14.0 take place: . Int eflrst
place, the DHRABEBeubrd rbsdit §nd linstARtionctS 6 NébdNield %pirﬂﬁb&@l t&ﬁéfér&a #oi thé\BRbasich

condi ti gn WMERHES tand RE GvhbBGant 18 #eaiea Mas tddfvertiohdl Zegrbfel @bth.t Note theli hé @isBuctionoread, he
precedi Ng duruagh it pedsédihicughthe IDR 19 like all other mstruchons, is not decoded or executed; it is merely
moved into data register space of the processor.

IPA Write Operation

65
The IPA write function is provided by the BIPAW (BIPA Write) instruction, a special indirect branch

(opcode = 0100, BT = 01, BCS code = 1111) which, in addition to its branch properties, forces the
contents of register R5 onto the Common Data Bus 4 (CDB) on phase 3 of its execution (as if the branch

21



2. The third (high-order) byte of the extended address is presented to the
LEAF adapter 27 via the Comon Agdy psgs2184 (CAB) 23. As illustrated in
Figure 13, a Load/BC sequence with the branch not taken is used to |load the
external 55 i ndex registers. If a Load/BCl (Branch Conditional with store
i nhi bi t et aQeeoHRINstrubibB)) TheBittions dfi)e BIPAW dwinstianareslisornaided in iguradCual | oad of
t he st ack Tb usethe BiPAWrites instrubtiohi it iefirstinaceasini to iputrihetinstrudiion bitstie barstasgd ipthstagkd.  The
Load/ BCregistecpuRthercR4i and (RSekbwrander hitsl of herinstructipp tocker writiem #re Iplagad irxgpiste(RE; high-

ext endedrdauidstwetion kit anpipery bitscarpigved inyegister ROr &4t £ gequence H%ﬂnstwm% f“&'H‘l“PQ i s

t akens BIPAW ang[BIRARTISDerpysed feiwrite the aetruction bits,fkqm e glack '%t%g'ﬁ@ﬁw P is
Load/ BAICAB BB 4 Ate instiyrtion prepense for andp iyt cperghon s oivgibelov 1) - he ILR 15 is
| ocked to save the return address for the branch in addition to the action
of the BfF—ANePTs—~forced—for—tteJmstTouctTon forowmg the BACT
Load/ BAL| Irjeencep Iastrucedoho prov] deasbeopreeetodngl | i nk capabilify to
-appl i Cat fons—usingl extended addressibgeeb o Lo goRei-al—tho—use—oH t he
CAB 23 dyiri ng branfhes is unique to Jhe LEAF node of operation; this}nmeans
that cycl® steal (PMIRDTBRBRESECcess| cafomteles usERAMRESS tcead®d addr ess

oper at | ofptindi  ect pagr pELACREF (| PArdfen tdMiddiligect Program pocess
(1 PA),;feqture pernft rocessor oread and wite Its own instruftion

he
store. Thi¥2al | ows Qﬁﬁ Nor di hgnRaneh phQ REFHRN ie Wik 182 ah 1/ 0
devi ce ({ADDRESST efi dent control pro;r aIu)thmbteervté ticerRS @ IMCHH.UC] i on
stage. Theugontrol prograns that allp d“J:s_type of operation residejin
lnstruct fon store p6°and may be contfl ned 1n sone formof ROS. Such

resi dent control prograns can be designed to provide all the error
checki ng and protocol logic required to operate with a |local or renote

host . 15vhBiedNPPBESSyis the memotydectioniteula wiiemf t he f | ow at hs assom ated with
| PA. The | \pAhefabpyerseanengesthp m%memév gopfenisef ﬁS’PBE%% BURd ]

branch ifnrrevidge the gdress for hej ipgiyect brangh GiP E . f"’% (z‘ 31 nch,

| PA VS t4)he ‘f‘PFéGEP'Fﬁé?ﬂeﬁ H‘s? 4589, 8?° t?'ﬁ%?r ‘fs rdtratistore
20 to bd"disaied in fl é'a C3 g e g °° t'f;,g <Wher e
It can t‘]‘.g mgp pu % hé procéﬁ ¥ e\&r@ aﬁ%&’g é?l qé Eom a
pair of | ,,ty Bt b ko e v
V\\U/’[tenﬁ h n§et %@ spec led | nstructlon store 20 | ocation.

| PA REa rr%‘I @%qh&ﬁ& Bn’d\gn{s% indBLEBOH WhichAs! it to RSB btbrb C
execute CﬁanHén n litNs Tdaddl ifto 4 IDR 102KR iRSrudloR @Rters TieprbdebidRand is

i nstr UCtWr@t@n i Mtﬁ'\eé'aridmst aesEﬂHeh%&ﬂAmw dpbraiol @bdvgat € an instruction read
oper at i on: 1paAtdad and Write operatiéhS lcirisaluséd with the extended addresiag featare (LEEAFY slecred] 30 N

BRANCE, ADDRESS Branch to ADDRESS N+1 Bl PAR RETURN
Branch t piaghsstics35 ADDRESS | DR contents
to g5 and MCRH N+2 Etc. 40 where

ADDRESS i s Theh progesiehr qresnits feertaine hairdveater andtdpplisation pevemeterg do berimoniByauaiy preor gon-
vari ety dfons.[ThesGparamneterep@l Br anch instruction (opcode = 0100, BT = 00, BCS
code = 1111, as shown in Figure 4B) which causes two special actions to
occur on' [ﬂﬁel?r@bt‘ﬁ?’%etﬂ?' its execution: 1. The instruction fetched from
ADDRESS ( a br anch to ADDRESS) is forced to be decoded as a LOAD
| MVEDI ATEaf lf%" 8‘%@” Thi s causes the two | ower bytes of that
|nstruct|cﬁ1 B Pd™into 45 R5 on the next cycle. 2. A special data
si gnal® E?é_p ed bet ween the Instruction Decode Register 19 (1DR)
and MCR fdsee gure 1) such that the upper byte of the instruction to be
read and i yts are transferred into MCRH 8 bits 5 through
15. These %@ﬁlsi"'gafgoge"}:gg gp%bgiz he instruction to be read and its parity being
transfgrredy e, g2y 19 to 50 MCRH 8 and RS where it can be treated as
conventional register data. Note that the instruction read, although it
passes t hr qugbr thé)@obdpirahididrs dam balinhibitddifem drostheckigibg setting tee arptopasTioleithitor
execut edjn MCRL (BitsrBatirelgl 7nse EigueBBl0 dat a regi ster space of the processor. |PA
Wite Oper attiena vaid (not inhibited) error check occurs, the violation is stored in PSRH 9 bits 0 through 4 (parity

55 violation flags) and bit 13 (ALU 2 overflow flag). The multiplier 3 overfiow flag is derived from the bits stored

in the product register RP 28. Any violation causes the PSR 9 to be locked and the processor reset (PROR)

forced.
When a PROR is initiated, the processor is forced to begin executing instructions starting at 0020 (hex).
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The 1PA wite function is provided by the BIPAW(BIPA Wite) instruction, a
speci al indirect branch (opcode = éqgozﬁTB 01, BCS code = 1111) which, in
addition to its branch propertles orces t contents of register R5 onto

t he Common Data Bus 4 (CDB) on phase 3 of its execution (as if the branch
21 EP 1hd Qoceskér Bdet WS ok thé Mskuciin linkSheglset 1HN)RA) tusenstlibg @ nirgrbtict rgin®| PAW
i NSt ruct i6yated intthePROFS progYEM tozdetriite whabtte probiéin wastbylez@mitifigethSPARS Yyntents and the

i NSt ruct ileationi df thesfailing’ ibétructios éemathe/ ILROI5p BROR laan alspsher faced by alspecial PERIHE logd or ed

i nto st adkstrilctipegi sters RO or R4 and R5. Low order bits of the instruction
to be written are placed in register R5; high- order instruction bits and
parity bikastyare placed in register RO or R4. A sequence of in'structions
including 5 BIPAWand BI PAR i s then used to vvrlte the |n tructlon b|t
the stack 1Paitt gheckiag jn, ei RIPPOSID fSo copplicated b podll

rgeéqa d is in on b ity is
II 2:: ; EC&} :@gzl"ed r thﬁ?:‘g’qu’ﬁ:ﬁae PFbRWF 3 8? l rgad §h E reaé /%% %ESS
Cont ent s R&f Wgcg q cknons (when gata and g ed for e
hen ari
sy, Widh i s i

DDR g reﬁrence parlté wutﬁﬁanc h
to A E pplied from the external so

d comparin
Wite %m%gnlolaﬂo:a" reg sto in PSRH 9 bits 3 and 4 for load o ratnonl\sqg neied badt. For 0 n85 and
MCRH. ’\?— ad instructio s thoset ?3 cés§or‘in%é‘?ia€€?fﬁ@ bitput BCiAd inBialtdatabe
witten. lf F%é whicH ltkeﬁbﬁﬁ'ally b &%Qaﬁﬁg\(&a ifidMRatioR BdEgUnrating pAIRRRESISret O

t he .ComDg,eldng, |§‘é§reﬁ iNVPSRIF 9l tits BI4AY 4088 ink I RRBh&SarifyQjendriter dutpdisrie @SRIDOanch
Bl RAW  Si figits! theSloghé @108 @iaQeu s teQithinBi ubt SAM precesste CDB 25 4, the ADD GEN
Adder 14 camwng® alFROR dcburk)laDdiagrestic pRgamntuentirst inbrrdgete MCHRB '(on:Iersrly interpret the

di spl agenRElits sPfediinBSRIAY.0% protbss-bigaliminatibd anvihen esedIaRIoBe il theicherk tbite(PERH 8d
phase of bits@and # inFigukl ANBb@bahreferncegmrity ihits @ date earthsviafio”Rs to t he CDB 4
during thi s ipsthasen patity chéraing tshepahiadtiyrMCRL kit 3;and; aperatesingapondentty; by, PBRIEP wlli ng

i ts parit gwayspefiectrias iesultiohboth the instiction-and gete perity effecisiseediied B MGBL 8com! 'P“G\ﬁer
bytes frotwdagh §i(Egurh 8BICHRS intemsti instryetion Nedty geyaraior aﬁsbe '|'an9 Wr‘ﬁﬂ? k9 Iggiret,

vi a t hes CRROB®)Accssh 4PA) fiqatuyer Rreviouste desriep f%tfaeﬁ?ft dnstf iy, igto the

ext ernal ®ein data pathgf e RroGEFFSY W*tef?é‘"YhPA"W‘i"'E'%* qan e yed ": %}{"ﬁﬁ "T: ?rlﬁyqlt i on
in the witdhedwdablos Bejow, symmarizey the; ifarmation; placed \jfp FRRH teR 4o
i nstructi W%‘Pﬁﬂ"é“MFfLr%‘??Ptﬁ’éﬁWa'%Wt ol vvhen it is loaded into the |DR 19,
TQe | nstrvctl n%ers the processor and is witten into MCR 8 and R5 as
descri 3&d"Fi L"WePT A Read operation above. |IPA Read and Wite operations
can be used with the extended addressing feature (LEAF) selected. 35

Di agnosti cs The prOC.eSSF d&g{méaoa%s@m harc%\&@kecqlﬁckoqpqhtﬁﬁtm 3)

paraneters to be nonito} or error con- tl OI’IS e par anet ers arg: 40
1. Applgcatd Ate-et-aw—t-Av—r—tr-t-rptTer—overttow W
45 2. Har djarestiar ampbe'Bariaty |ossicku Bhaloled ari PuritpCHe®kbiIhbibitedat a
Stdw parlfy qu(? hi Q\ 50 C. IIﬁpgr e Wa's! lQJS-I—t—S-)—Aﬁ'y“'O’F—t-h'!}

above paraneters can be i nhi bited fromerro k| n t he
appropriatg inhibit bit Fﬁt MR BV f‘?in%t’t‘?ﬂ DugH % P%’g’et‘%é ﬁ@tﬁ% a
val i d (4ot |i nhify t ed) efiorPERIE@EitscOuts?. t he \ihOPSRH dh-tlssos'tlo?ed |n P RH 9
bits O thrqugh 4 (parity Spnitddt@ ®RoRD flaps) and bnd pRIR(ALU 2 overffow
flag). Thelmultiplier 3loverflow flag i s de ' '

the product register RP 28. Any violation causes the PSR 9 to be | ocked and

the processor reset (PROR) forced.
45

Common Data Bus Parity
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Wien a PRORis initiated, the processor is forced to begin executing

I nstructions starting at 0020 ( 1 EP 0 198 214 Bl The processor
reset also |ocks the Instructjon Li nﬂ< Regi ster 15 (ILR) thus enabling a

di agnostic routine |ocated in the PROR programto determ ne what the

probl em was by exam ni n.g_m.e_EAE_q contents and—thel.geation~af—the, fail i ng

i nstruction fromthe I{L EﬁE I f d special PPRL 9
| oad instruction. Parift a;PlaFBgéhec |]ér31tg(§>|9l Q?he%ér\%'cgg}seo |§?conpl i ated by
pi pel i ne eqw—#ee—em—spem-ai—cmemt rom—Partty 1 5}assuned
to besodd antbtirs Tape dapaed tyy cheek pRiakiledoi t| paritynfoneekt Iohibited Parity

is 10 checked for thg instruction store (three parity hits) when |

instructifons are read.| Data store and 1/ O pg rit‘i—lsétwo parlty bits) {s .
checked flor | oad instgu%% FREityhBiotationst dr 8t SPady) VARAAEEMRr at ¢d for

external pal iida@gi on fgristrere Bissriicdd ons ((WhenPskr ®itsoBedis witfen).
Parit¥ is v@glq%t ng tqgltggpﬁ@ﬁgerence parity wy t9aoR t he procegsor and
conparingfit to-t eparlt its supplied frdmthe external source. ta
parity viplations are stored in PSRH 9 bits |3 and 4 for | oad operatijons as
noted ear|ier. For all}ssn-Internhdalarityt r uqt ehsIftdrosd Phaitylo nof use
the CPB 4 orhotnhgog&oceswrl,gﬁt gggﬁcg 4the oyt pHt p iy tHiR &l Bt g Nal daga bus
parity geperator, 'S norrra y used forf validatin Ioad i nformgtion
and gener ht {90%% &PFF?’ for stN& Berati ons, Iis st or't FRPRPSRH 9 bitd 3 and
4.\Savi ng e—eference—part Ly_ETTELI_'d'LUI outpurs Tn POSRA 9 permts the
hogic to be validated using the arithmetic unit of the processor. \Wen a
PROR sccurs, a diagnostic programnust first interrogate MCRL 8 to properly
I Nt er pr ipetiecEf@@s r esul ts stored in PSRH 9. A process of elimnation can

t hen be used to deC|de if the check bits (PSRH 9 bits 3 and 4 |n Fi gure 9A)
represent Pusttetherpperation of thy pipeline angythejdiffesengesip pror Mw*aﬁ*mﬁ%e °"i°h

parity dubeRrekad ore 5t el spge ¥predpr paiyantinstuctioy T%é:

t hus, 25PSFM®WW"I'Fs%Pqﬁhfi@e'P%F'F%Pd froqe the 2dqrpes o fho jed,! §u o ’ﬁd

dat a parqet’%ﬂd'ﬂﬁé'&ﬂ‘g tepg O fafiyrey hw“m“usffaé%ﬁ?'? Brenghenen %“SW{?% %

8B) . Thevas At a9PRsA N nstruction parity generator can be validated by u5| ng
the Indirect 25 Program Access (I PA) feature previously described to
t\Laznsfer TSt UCtTom W T [Uest T oned parity 1nio the nmaijn data pagh of
the pfocdsdailurer®yegithnetil Pakestad es can|bPiREFSEE i fdebhdent|y
conpute ifs pari ty. The two tbkeet hial msnsumnrlmameseltmf r Mxdcked p| aced
into PSRH 9 bits O through 4 For all_ conbinattons of MNCRI controlsl and

i nstructi pes: 30 Instruckion Parlty I nst fuction Parit Check

Cont r g (Pﬁél‘{%%f%‘yw 35 I nstf.Phase;S+l parity CrRAse Bddnl dq N3

Parity ectallipl bet esveaefil i Pyase a3 ati on Phase 3%dt Har¥t% Vio] ati on
4085 A & 41k Hpﬁglééj)12  Phase 3 in PSE?J.—iBits 0,1, 2.
Initiate |P truction palyp PROR. se%égit Parlty 50
55 23 EPa%aT840 Rar Y coB paPhese 3('fﬁleck Co as& | nstr.
Type 40 Partty CTHheck Enabl ed Parl ty Check I nh| b| ted Set
Parity Violation Set Parl \/olat
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The displacement of ILR 15 relative to the failed instruction address does create a problem for some
branch-related sequences. For example, in the sequences BRANCH/LOAD or BRANCH/COMPUTE, an error
occurring on either the LOAD or COMPUTE will leave an address in the ILR 25 that is sufficiently displaced

50 that it will contain an address in the BRANCH stream. The failing address cannot be determined from the
ILR 15 contents.

To insure that errors can be traced to the failed address for such sequences, the processor has a
selectable feature called Instruction Link Control (ILC). ILC enables error traceability by forcing two NOPs to
be inserted into any detected BRANCH/LOAD BRANCH/COMPUTE sequences. The resulting sequences

s5 are as follows:
BRANCH/LOAD/NOP/NOP and BRANCH/COMPUTE/NOP/NOP
This insures that when the ILR 15 is locked, it will contain the address of the failed instruction. ILC is
invoked for BRANCH/LOAD and BRANCH/COMPUTE sequences by bits 4 and 5 (ILCL and ILCC) of MCRH
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15 , Non- Load in PSRH Bits 3, 4. in PSRH Bits
3,4. (CDB Unused) No g#6¥ag 214 B1 No PROR.
20 Pipeline Effects Due to the operation of the pipeline and the
differences in error analysis tine, the error paraneters are not checked or
recor ded &xsestHigaregANe tine for a given instruction. This results in the
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Li nk Contr ol ILC) | LC enables error traceability by forcing two NOPs to
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COVPUTE Gy Create a | ow probl em because the ILR 15 is | atched whenever

a processor reset occurs on the third phase of a BRANCH. This insures that
the I LR 1pMaanficitatetbiRic)a sequential address prior to the 5 BRANCH path

bei ng. tsgken. This is a normal function of the ILR 15 control and is

i ndependent DMA Aftieipite Gerbiits an iexterhdl elo¥iisRo SaveDiontyl @5 the Daapmémary bises (EAB, CAB,.

| ndizect IRvegrwhen Ay esad EihBikise bot be used |Tdis|isthe "BYA Giele Gioalhmade ekeperation; Thes

di scussed DmAGIitertasd signakaleristesteingl sleyices ttabihe insteuctiont keing degodeskis AeitprcR PR SIP t he
processor so shet thl data husascivill nohbesusedhbheprogener ofr the pRRYLIe apdiBys il haavailgple.; he
process®or to be used to performdiagnostic checks (such as CRCs) on
prograns iEfenpl&est §AWRt i on nenory 20. Data Mem)ry and I/ O Interfaces 15
Dat a nenory and I O dev,; es

: at .ntR %.c%{.& 855 08eHafly deiraba bifial!
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the 1CS flcg o g g -léﬁ:. uct,on Devi ce sel ect and

Read/ Wite contro I'S rowﬁ% y the I nterface Read Wite Control (1RW0)
signals. Idpaddition to the Data Menory and 1/0O control, IRWC al so provides
flow cogtrol, such as Branch Taken and
1. A method of controlling execution of branch instructions in a pipelined digital processor wherein each
pipeline Stage is effected in one machine cycle, the instructions being decoded sequentially in a first
pipeline stage and being executed sequentially in a second pipeline stage, said method comprising the
steps of :
55
decoding a conditional branch instruction in said first pipeline stage during the machine cycle the
instruction preceding said branch instruction is being executed in said second pipeline stage, and
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Direct Menory Access 25 Both thegprostgs@igiBin 20 and Data ne
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the ILR15 is set with a sequential address prior to the 5 BRANCH path

bei ng t alpRiA Antididafe DMAG) Normal function of the ILR 15 control and is

| ndepegdent of the ILC bits in the MCR 8. Diagnostic Application of

I nehyr ect Promgic ARficpats edfinits laRAxterhfl devicel tochala dontraladf tter Reter memdkg besss (CRRIt CABR

di‘s€uss etRvet)eniend il woplé roffisiwise inatsiver used.i Tis is ther"@MACYole Staali chedie 2oh dparatian] Thy t he
pr oc ess 0IDMAGdntelase sigmabalortst dxiosalaiavitds disat thiadnstmdtiornbeingj decdded: is|neithieea logd ot $iese

pr ocessorso thet theedatestiidestvill ebd wedrbyihegnesssar on thh sek eyclesnd tuswll BrEs!ablgn
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Claims |

0 .
1. A method of controlling execution of branch instructions in a pipslined digital processor wherein each

pipeline Stage is effected in one machine cycle, the instructions being decoded sequentially in a first
pipeline stage and being executed sequentially in a second pipeline stage, said method comprising the
steps of :

55
decoding a conditional branch instruction in said first pipeline stage during the machine cycle the
instruction preceding said branch instruction is being executed in said second pipeline stage, and
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addititon to the Data Menory and I/O control, IRWC also pr mﬂuﬂ

control, such as Branch Taken angbﬁiqgg§14 gqjl cations, to tﬂ!l Iz“mlm “"l
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brancki ng i s based upon an address provided by execution of said
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each pi pel iavegefBirwpedensund dasc\orfeven die Yohdttorpatisie cycl e, the instructions
bei ng#tecoded sequentially in a first pipeline stage and bei ng executed
sequenti al ID9°qdﬁ"°a °§'§%’Eﬂ4 Fejgungshelohis in %%ii"’ﬁtea ipalfragtyie ‘”ét’f 68 Magphinpns
decodi ng s ﬁg F‘oﬁ“" Biton; FiRginestuis flgf giegam, Ver %Eﬂ?b?fﬂ‘%t"? G'??Pt‘%ﬂe Bafeld 5 g
first pi pelai’ﬁqgﬂ’ "'ﬁurl ng the machine cycle the i nstruct i on preceding

521 0 2 AT S bl SRR SES, N FRRARORES ) DAL AL
and efecut i “um&ﬁ Nk %ﬁiﬁn egmua;"f? et?: bt G o ol o> ¢

machi ne cy el?t
condi tions cr@ate |n oA d econ pi peline stage by the execution of said

precedi ng iv@fdhkeH ahdnQRspruch 1, bei welchem:
50
das Ausflhren des flir indirektes Verzweigen ausgeflhrien Verzweigungsbefehis auf einer Adresse, die
durch Ausflihren des dem Verzweigungsbefehl vorangehenden Befehls geliefert wird, und auf mit dem
Decodieren des Verzweigungsbefehls gleichzeitigem Ausflihren beruht.

s§5 3. Einrichtung zum Handhaben von Verzweigungsbefeshlen in einem digitalen Pipeline-Prozessor, bei
welcher in einem Maschinsnzykius jede Pipelinestufe betroffen ist, wobei die Befehle sequentiell in
einer ersten Pipelinestufe decodiert werden und in einer zweiten Pipelinestufe sequentiell ausgeflihrt
werden, und die Einrichtung aufweist:
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50 4. Le dispositif selon la revendication 3 dans lequel lesdits moyens d'exécution comprennent un registre
d'exécution (22) connecté pour recevoir la sortie desdits moyens de décodage (21) et sensible 3 ceite
demitre pour exécuter une instruction de branchement du type spécifié, ladite exécution de ladite
instruction précédente donnant ladite adresse du branchement de ladite instruction de branchement.

s6 b. Le dispositif selon la revendication 4 comprend en outre :
- des moyens sensibles 4 l'exécution d'une instruction décodée pour délivrer soit le contenu d'un
bus de données (4), soit le contenu d'un moyen de génération d'adresses (14) & un registre
d'adresses d'instruction (16) auquel ladite instruction de branchement aura recours pour I'adresse
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