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METHOD FOR SUPPORTI NG A VARI ETY OF I NSTRUCTI ON FETCH

BACKCROUND. O PR e (1) Fleld of the | RSORPBRS

The invention relates to a pipelined processor core. Mre specifically, the
invention relates to a versatile processor core which allows use of varied

i nstruction fetch units without nodification to the core. (2)
Rel ated Art _ Pi pel i ned procegsing is generally well-known in
the art. Figure 1 shows one such typical pipelined processor. The

-]

processor core 1 includesyfd i c oL 5 ween each
stage is an inplicit Iatz SEJ-{-I}g?CB OR Unggt}leS%N\%Rﬁ’gm gon is latched
fromone pipe stage to theyrExta _G’LE,RHG?M)PR@_C SORCORES

sequencer 7. The first pipe stage is an instruction pointer generator stage

(Ip) 2 whi ch generates an address at which the desired instruction
can be found. This address is then latched to the instruction fetch
unit stage (1FU) 3 which phyBASKGROUND OF FTHECHNYENIIOMNst ructi on.
Typically, the I FU has on-board nenory of sone kind. The on-board
menory may be of the formof an instruction cache or it mght be

read only nenory (IROMFiellhef thd/Tnvemdiono coupled to the bus controller 8

whi ch all ows tfe ; : Soi i at the
desired instruction i mjﬁﬁh&ﬂrﬂeﬁ&gﬁiﬁ%gﬁﬁ %h f%ﬁ%ﬁrga%&é‘ cBtidly,

S not , f nory.
Once the i nst ruct MYFUCR relales 1P 8 yergatly Progsssor corwhiRh alpwp wigofi varsdor y or
external |y, the iinstuction fe@h ungs walicohmddificatian tdthe dorpi pe st age i nstructi on
decode unit/register file stage (1D) 4. The 1D 4 decodes the
instruction and a@yui rRgaRaYArt requi red operands froma register

file. Where each pipe st ta .sipngle cycle . he expects
that an instruction V\AITQIP&%?‘% _r\?g_‘%lgﬂg fsfggp%ﬁ&wd&%%qwéj lgﬁl}:f_agacﬁ Fﬁ%ﬁ/&?@ows
thereafter. |f thenespeh gpisalipinslinedairosgssor. gbheinsegepsge eqre h inchidesave piped, | t

notifies the  stages Pl BE BERRELERR ktage & BRImplicitilfctb@nal she@n)MThee it obtains
t he expected i nstoiction

e, SXPECL 1t s s [l ooy B LSO S oy
instruction and ojsavrenaerd. dime firsy pipe SAETIN ok inspuatine peiater generatps staghdr) 2
which generates an address at which the desired instruction can be found. This
address is then latched to the instruction fetch unit stage (IFU) 3 which physically
fetches the instruction. Typically, the IFU has on-board memory of some kind.
The on-board memory may be of the form of an instruction cache or it might be
read only memory (ROM). The IFU is also coupled to the bus controller 8 which
allows the IFU to access the memory 10 in the event that the desired instruction is
not found in the on-board memory.

Once the instruction is retrieved either from the on-board memory or
externally, the instruction is latched to a third pipe stage instruction decode
unit/register file stage (ID) 4. The ID 4 decodes the instruction and acquires any
required operands from a register file. Where each pipe stage takes a single cycle,
the ID expects that an instruction will arrive in the third cycle and each cycle
thereafter. If the IFU 3 cannot deliver an instruction to the ID 4, it notifies the
pipe sequencer 7 that it is stalled while it obtains the expected instruction. The
pipe sequencer stalls all stages above. Once the instruction is delivered and
decoded, the instruction and operands are then latched to the next stage, the
execution unit 5 for execution of the instruction. The final pipe stage is write-back
stage 6 in which results of the instruction executed in the execution unit 5 during



execution unit 5 for execution of the instruction. The final pipe stage is
wite-back’ stage 6 in which results of the instruction executed in
t he execution unit 5 during WO 98/ 20414
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t he preV|ou§9§§cﬁ %are witten back to the register file OWCFﬁggﬁgfa cache
9. Branch target path 11 allows the execution unit 5 to inform'he
IP 2 that a branch has occurred, and provide an address at which
execution should continue. In response, the information currently
in the pipeline relating to instruction after the branch in the
instruction streamis flushed. The pipe sefuencer 7 handl es conmon

control ampngst t e st s and.i ures synchronjzation, |t _is critical
that  the e VB LR 0 o ROk e G B ik b BHREIEG | ¢
controls so that targetpathllsnylnwhﬂmnxwammm1u$tomfomﬁlﬂlﬁ%ﬂﬂanalbnamlrhaes can be

generated when expegidada ificSan address atvﬂx%hék@&ﬁbﬂ%uﬁicoﬂﬂﬁ(uepﬁt i cul ar
st age. elmtlatlngthe

Stall notifies t HERIPee inormatonceathe B he ipeling o it arichop RE BE 7
stalls all units tminshdn thhatstredting eiréam s leshedn®he pipe sequencercl lmndllémcormmmpl e,

if the 1D 4 is unahtg ahf&nﬁ&EH%'p?ﬁeesta‘é&CﬁEi@nsﬂféﬁ'sﬁr%ﬁx‘oﬁizﬁionr 15 Erftied that the in
the allotted cycle, It 1ssSye taII I nstruction s%e sequencer 7

whi ch PR SpnSedras WhA P BTDE S E PR Ieohels KPS pal | must be
conpl eted wit h| n syhehronization is njninedong réties cax bevganerated when etpected dmd isuct i on

will be |atched t&t;e!a&véd%tﬁny\ﬁmu&r% instruction taking its place
in the latch. If the s u nstruction

latched to it, that i ﬂ%W&E‘?’FB %‘F Stage *ﬂ‘f@“% g‘FI““‘B@E‘H'PFééth"RPrl tical speed
path whi ch reducesqueneer foandnbempipe equanay stalls alh ugits abbres thasegd ingbasaoper at e,

because the ID rmé,('cl@OFoxl c@tﬁr‘ﬁ pll:fly thE Y xé ﬁnaﬂﬁ@@c&ﬁ)ﬁlet@ ﬁé’cﬁde ﬁ!dgeglst@r rBgeded
operand unti | eca

of
| at ches required PH‘Cﬁ'él°‘§?daﬂyF18’dt 1$5e Stal?’r“é'&lﬁ"f“é? tF‘? ?fBe f°8“‘B’ﬁ?rf e‘?mﬁ*b of the
stall signal to dmnediatelynstalls thedP< ankdithedFU 3s tThipestallatusy be completed wighir thet age

initiating the st@bleor, for cxample,afetched infthi@tdewiAl b‘éh&ﬁlﬂﬁd?o é%ml& vAihadeam of a
system of an alternativ ssor the prior art.

Processor core BG"WH?%H%@ g’“p‘ﬂﬁﬁ"’é‘? he Jargh If)‘ﬁf)gggfsa‘ﬁ‘é@e to accep“ ® | nstruction

poi nt er gener at i dnsteicagdatthdd)to Bhgranstuetionds kost. iThe stallibécomes peritivalspeasind

ggnt rF ol InformatIlﬁmommabéesmemﬁnmﬂfraqheh@sa:wmmmoaq hperat ch (1 PL)
rom

nal s i ncludin ontro
O on and dfeFise e DA foriabieky By FAAR O D e a e SRSyt (o oo
38 whi ch nust be lethén banylehndtbhcanse ofthe number of latehes raquirddan bé sselild unit st age

(I'FU) 39 which reghifiRs iRk ichiiRr {am ts@gtﬁx i@ aNNeBable to stall all smﬁsrwwcaneousl y
with the | atchi nqgof t he .cont rotarl.lzl gnal s and the instruction address

into the control B 3EEs HHatnghe sl 'ction address is |atched out on Iine
43 to | FU Figure 2 shows a block diagram of a system of an alternative pipelined

processor from the prior art. Processor core 30 contains a plurality of pipe stages.

Instruction pointer generation stage (IP) 32 generates an instruction pointer and
control information which it places in an instruction pointer latch (IPL) 33. From
IPL 33, a plurality of signals including control information and an instruction
address are latched into dummy stage 38 which must be the same depth as an
instruction fetch unit stage (IFU) 39 which resides outside the core boundary 31.
Simultaneously with the latching of the control signals and the instruction address
into the control stage 38, the instruction address is latched out on line 43 to IFU
39. IFU 39 fetches the instructions specified by the address and provides it to
instruction fetch latch (IFL) 34 inside the core 30. Simultaneously, the control
and instruction address arrive from the dummy pipe stage 38. Control
information, instruction address, and the instruction are then latched in the



39. IFU 39 fetches the instructions specified by the address and provides
it to " i nstruction fetch latch (IFL) 34 inside the core 30.

Si mul t aneously, the control and instruction address arrive fromthe
dumy pi pe _ . Control i nformation, instruct s, and
t he instruc .gﬁﬁﬁﬁ then latched in the WO 98/204-%89u£9g&£§
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i nstruction decode/register file stage (ID) 35. The instruction is decoded
inthe ID 35 and the operands retrieved. The decoded instruction
and operands as well as control |q;ornat|on are latched to
execution unit 36. The information necessary - for WWIte back S

'atched to the wite-ba i.or art

bet ween the ID 35‘%&‘&5”?&%“3 %ﬁﬁé‘?sﬁ'ﬁ?{b%gga ipaugEen s E é’d étﬁft on uni t
36 and t B and the epdsandk re3ievedi The deceded anstru¢tivmand operaridans well an t he
draw ng. Restart cédu%?mﬁﬁmh@onarclatched t'é%ﬁéi:uﬁéh trfd 38 Ank hﬁo&ﬁu&?né&f’.sswe new

address and to ipvaljd curr en a
branch is nispr egq g‘&ﬂ%a@%@ﬂﬂ? o"ﬁ“ F%‘%”G \%f‘”fm“@‘rﬂ?"éa’él ﬂ‘%& }sh
received until i betwe:xetthESItmlthmamonsmga@an@eomgme@deauhomurgtﬁ&unﬂh an

I nstruction 9—'55&%?%@4?9&&%@?&?5% hn El’?c%'z{&mg Restart line 38 is I'n

t he event of a stal or al 40 | s, asserted
e ta 1Pl 54"t 1 TR Bt pep adrets g a4 v B thpsdath qurmp o1 age
38 and | e pi wiwu @ behaph issnispiredipteh tThe exdvatiorourt, 36stilllignosd aindata 40 nust
be propagat ed tOrecewc:d untxllﬁ%@%eﬁh@ﬂ:@mﬁggﬁ’ﬂgrdpgésltéﬁ%%ﬁgﬁ’\@it xﬁgtnf'?:ﬁ ogous

situation arises r|g| natlng ower i n the pi peli ne. As

nent i oned bef or e°°rf9§P%“df’Lg§ﬁF}te§r4”ﬁhéesﬁlh tical timng pat h necessary
for buffering up and bribpagatafagtailhfer eiagpl, inttbe H2 BS,esignaltline 40 is asserted st al |

wi thout | oss of %@xw@wahm%ﬂagmm ousbRlAIIPL 5. MRl ikt B o N Ler B

of the s ave 0 r ctated
by the dummy stag'é%& avcdc?t&%"tjﬁeafef’iihaf’\f?ﬂe'ﬁﬁﬂts‘gﬂa fm‘@&&aﬂ’m 'teﬂ ®9nh order to
ensure proper sydahmynsiagads and I6U 39 as well. Anlasalogous sitiatien arisas for paldpagat i ng

down within the ggg 1ﬁatﬁg Jower in the pxpelme As me@ﬁ@d&ﬂ%fow tlﬁ&@idlﬁﬂi&{hcﬁ’lr desired
use comonly necessita , this is

e a red ? :t?iﬁ lfl 1Co
a result of chanJ@nePafhfecessany TR pBIENEHE a{’%Prﬁ@%gaP% ¢ sighal 1o achig H"&?/ hange as
a result of cost steil withewsdoss ofdata. risdditionally, »bile IFU Bzisaradb Sexibileie womyof

and the depth of tﬂehﬁebme@b@m i\ChavEBA b&%&ﬁf@hé})th isflixcfiéiéﬁ?o)azﬁ@lilhrﬁﬁ Vis@ps, it is
desirabl e for co%aﬁo[é desi t.0 use Iy es nore

than a e el o of G R E W ptof B oy mhe s pizaohee
circuit intensi vthe canitolisigaalspropagating down withjothsweret3e ti mi ng requirenents

for instruction retrigygesih Iﬂﬁplﬁﬁt‘%ﬁ%ﬂeﬁr@@u&%ﬁmﬂﬁﬂ' ncccssuatcax@@ésigﬂ%f effort
required to insure co

the timng all owd COFE%W&W 1He aaﬁgtgﬁgangrgtpﬁ*@e%sérﬁ g‘?‘gﬁ’& hers and

at a may change as a result of cost or space concerns are size of the on-board memory

and the depth of the IFU pipeline. For example, in some applications, it is
desirable for cost or design time reasons to use an IFU which requires more than a
single cycle to retrieve an instruction. The IFUs are circuit intensive, and the more
rigorous the timing requirements for instruction retrieval, the greater the cost and
design effort required to insure compliance with that timing. Thus, by expanding
the timing allowed, the IFU can be designed using less senior designers and at a
lower cost. While moving the IFU 39 outside the core as shown in Figure 2
allows the size to be changed. Without core redesign, it does nothing to address
changes in the depth of the IFU pipeline.

In view of the foregoing, it would be desirable to have a core suitable for
use at the large variety of products and flexibly able to incorporate IFUs of
varying sizes and depths without necessitating a redesign of the core.



| ower cost. Wiile noving the IFU 39 outside the core as shown in Figure 2
allows the size to be changed. Wthout core redesign, it does nothing to
addr ess changes in the depth of the |IFU pipeline.

In view of %Qd‘,ﬁ‘r‘ﬁgoi ng, it would be desirable to have a ?ﬁ@@?’?{ﬁ?@?bl e for

use at the l'arge variety of products and flexibly able to el FUs
of varyi ng sizes and depths w thout necessitating a redesign of the
core. WO 98/ 20414 .
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BRI EF SUMVARY OF THE | NVENTI ON 4 A processor core suitable
for use with a wide variety of instruction fetch units is

di scl osed. The processor core contains a plurality of pipe stages including
an instruction pointer generation stage and a decode stage. The core

bundl es al | cont r ol BREEIR§ 1IARY Qb ik r INVENTHONI ne operati on
wi-th an instruction address in a first stage. The bundle is
transmtted outside the core to the 'rs}struct%on. et ch £ u%‘;{ The
instruction fetch uni ¢ PRRPESHREEOTE SEaPISIPTuSE M8 & Widg vanghyof fnstrpcsiop fetchy g e,
bef ore forwar di ngmnithis dirgloside Ths prooekiséricork donigios wiphunality ofpipecsages olidivgwn t he
pi peline. In this,WY¥uctd pointes ghlRtatiBh RBgeSnd dQetode sidfd. O €6/ bRAAM M Ng a
connection ﬁftﬁ(gt ween d sgontl nuous Fl pe sta e.%_gl n the.core. .

Addi 11 onal |y, by BUFRIMPREapHer downsorean gl pergtigh i an sruction adtess in
information in aadirsiglage. hTrecuedie irttansmigtodowside thheore to the instrgtipefatchl  pi pe
sltage ats 3 gr OUP unitY THOSRICEE feRR u%fig%&{cﬁ‘ﬁnc%’lfsﬁyﬁtﬁﬂ%&ﬁhﬁg to the bundle,

el i m nat ed. . ,

i gure 1 shows a PETOBEferWedige Hinbupals ppO ek SAER e FA0R0 L0

system _ ~ pipeline. Infthigwayp ap exthrakpipe stigo dkintiodvgediprovfinga calrnegtionat e

p"hl or ar E)I pi Eelj! Mefveen di]cscontinwu]?ﬁffﬁ%@ﬁesﬁ% ﬁ%@ﬂi‘e Addiftionaﬁly, by bundlingth@ur € 3
shows a oc ! %grrlt?o s%ndgar%ra%w%gsriﬁgngano% in %Qéle gumﬁe fiat traverses the! nvention.
external pipe stage as a group, synchronization concerns are reduced or

eliminated.

IEF _DESCRIPT HE DRAWI

Figure 1 shows a block diagram of a prior art pipelined processor
system.

Figure 2 shows a block diagram of an alternate prior art pipelined
processor system.

Figure 3 shows a block diagram of a preferred embodiment of the
invention.

Figures 4a - ¢ show instruction timing in a pipeline of the invention in
which an instruction fetch unit has a depth of 1, 2, and 3 cycles, respectively.

Figure 5 shows a block diagram of the embodiment of Figure 3
employing an example of an instruction fetch unit.

Figure 6 shows instruction timing in the instruction fetch unit of Figure 5
under certain stall conditions.



Figures 4a - ¢ show instruction timng in a pipeline of the invention in
whi ch an instruction fetch unit has a depth of 1, 2, and 3 cycles,

respectively. Figure 5 shows a bl ock diagram of the

enbodi nment re 3 enpl oyi ng an exanple of an | n fetch
unit. %OEM Figure 6 shows instruction timng i nk%gﬁﬁgséto?uct I on
fetch unit of Figure 5 under certain stall conditions. WO
98/ 20414 :
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5. Figure 3 shows a
systemusing a preferred enbodi nent of the™invention. The pi peline

has five stages: an instruction pointer generation stage (IP) 52, an

| FU stage 59, an |nstruct|on decode/rer ster file stae (I D) 55, an
execution unit 3 (5 AMF 1Ok Ao BLL. : EBRIIAN these stages
except the IFU 59 are vmthr n the processor core 50 | FU 59 is across

h b d 51,
e Sy 5 ot i s o L T

thi s enbodi nent, 'Ehheumbna lps §ive stagdse an MpnBrompeinter gansiatiorsstage () Shan

core 50. IFU 59 mtsta@%@ﬁ}xuﬁﬂumme&‘aeﬁégis&ﬁr@ﬂeﬁéyé(ﬂﬂfstsrﬁdexbéﬂugﬁﬂﬁi' on from
t he IPandretsgrnthe|{;§§ruct€.%)wélﬁ1 control inf tion to the ID
55, but what theS and g yrige, bagk S@Eg - AR Fics 85} PAGEPY FAMI s uch
signal s i s i ndepeaheipnotesstr coieeS0. IFU 59 iscagrass dhe spugrboundary 51, and subject toThe | P 52
gggerat es Sn fi?dr&ﬁiﬁnﬁrﬁer&cdféﬁhﬁ&%ntsné‘ahrvd tvh@é]y inldeSigh Endopadsc@furly hi?ze

address and a r on_nee e stages in

i nstruction poi nt% 83‘“’%#? hté’ﬁﬁ%?oda‘%mét % ‘g\fﬁﬁ?{meﬁﬂ]ﬁﬁﬁ%ﬁ@g@g MRS mat i on

i ncl udi ng bot h t eere 305 tIFU &P iyt agernt awaddzassipeinter andreontl inforneptinn friomuthe s

transmtted IP afd RAEn Hedmetucddnd &5d RAraGHBfHatioh o he m 59, q;aadﬁrmé 1to IFU
retain_the dl.e so d domm

59. The I FU 59
The pipe with « ndrPay dpesperkéeh MpliiCend Mifinfhe e o RGerefint®h
appends t he bundlceradesigncl ude t he fetched I nstruction and forvvards

the appended bundl e orfhk 85 gheraled ah Bdrésy € 4 @RiréEmsthuctiad. Chhe IP places thisFL) 54.
The appended bund] Sresssandgﬁ ontro‘i mrt]onna{lon neec‘ie%efor <Bwnslreamhp1pe]c s%]g%t jon of ID
instruction pointer latch (IPL) 53 as a bundle. The bundle of information

including both the instruction address and all control information is transmitted

along signal lines 63 across the core boundary 51 to IFU 59. The IFU 59 must

retain the bundle so it can be forwarded down the pipe with the fetched
instruction. Accordingly, the IFU 59 appends the bundle to include the fetched
instruction and forwards the appended bundle on lines 62 to instruction fetch latch
(FL) 54. The appended bundle is then latched into the ID 55. The function of ID
55, execution unit 56 and the write-back stage 57 are similar to the prior art.
However, as there is no pipe sequencer, control is distributed and based on the
control signals transmitted through the pipe as part of the bundle. Moreover, as
there is no certainty that the IFU should deliver the instruction corresponding to an
issued pointer one cycle later, the ID does not expect such deliveries and has no
facility to have the IP reissue an address.

Additionally, in the event of a stall in the ID 55 (or lower in the pipeline),
the ID 55 stalls the IFL 54 and provides stall signal 60 at the core boundary 51.
What the IFU 59 does with stall signal 60 will be implementation specific and
independent of the stages below it in the pipeline. This is discussed further below
in connection with Figures 5 and 6. Restart signal line 58 notifies the IP 32 of a
branch target in case of a mispredicted branch. A restart signal is asserted in the



55, execution unit 56 and the wite-back stage 57 are simlar to the prior

art. " However, as there is no pipe sequencer, control is distributed
and based on the control signals transmtted through the pipe as
part- of the ? Nbreover as there is no certalnt that he | FU
shoul d dellver e |nstruct|on corresponding to an hter
one cycle later, the I D does not expect such deliveries and has no

facility to have the IP rei ssue an address. Additionally, in
the event of a stall in the ID55 (or lower in the pipeline), the 1D

55 stalls the IFL 54 and provides stall sigpal 60 at the core boundary 51.
What the I FU 59 does with stall signal 60 wll be inplenentation specific

and e POeRAS Blochl whi2f o2 RO bl e RS TRRGSS,

di scussed further
si gnal |ine 58 nothefpstast depending osztsaflplamemauom it Ay e able @rag@ti uppecesse of a
nt spredi ct ed br anfdfchedby eataing asytEingin progress sThis épartitulal§ beneficial whéfihe

98/ 20414
PCT/ US97/ 13504 downstream fetches are to main memory 10. 6.

next bundl e whi ch al soB¢aguseslpd® 35and AP 52 kaye beangiecoupindrand sll conroh t he | FU

recei ves tnférmiagsd ﬁbﬁdgd@@ﬂhﬂﬂigﬁ @:cQFUlsts»Ssyhembﬂf@fah éricems aiibutdble be
able to avoi d unngcessa

progress. This is par"t”“@xfja’tﬂf E%@ﬁ@ﬁ‘l"%mgsM%g‘her %dcscgbcg sz’ug\kﬁgt ream
fetches are to rrafuncmmpgcﬂwnh any of a wide variety of fieas and depthseof IFVSBitlowd | P 52
have been decoupl @@@ﬂalgaldf[}@%krml | nf or mat i on propagat es t hrough

the I FU 59, synchroniz oncerns ttr vari abl e
depth I FU are obvi at edﬁ"t g%SéévgrS%OYhns rcll%nonrs |szsH‘gct8r°é’g%8’evﬁl?q jof e

function proper| yinxpatipnamhish the Il 112 aads3 gyclss degms eespeptisielpe it Figure#a, FUs
wi t hout athy IP SY&S laditst @fstriidlidn @04 ArsbHscle, and the IFU issues thaﬁn&ﬁfcﬂ& 4a - ¢C

show i nstructi ons, vent I

Sho 1S 1) OSSR B S gy B

the I P issues a ft“ﬁ%‘tcnphﬁtlhﬁﬁtSF @isle; #segond ipsifuchgrcin ghe samdtcwée eRdathidues t hat
i nstruction instridtioh HEthe tiked cosle] Howevae thledeElnthh{s%lmB firdie pipe. In

Figure 4b, the | P Eﬁcﬁ?ﬁu&s}f(ﬂe tﬁﬁdd %ycler Thus a&ﬁr{ #&ﬁ&hcr otcby%lc]% Iﬁéﬁ%ﬁﬂc .Cl e a

second |nstruct|on N and a ion in
the third cycle. htéwe\ﬂ@rIFUtmmﬁrsen%ersmﬁatcn%gwmtc fRigusg 4c shows an

instruction unti | adahgolidYaetn Gaidhahred Byetes offatehtpbdcutiefort RMEUBEENS WO cycl es
of |atency i skl G581l 3 0 AbLARE S MG TuEL Y

cycle. Figure 4c ree yc‘il es of
| at ency occur bef@ﬁpéh‘t?fhéfolaﬂ}hﬂ‘égieﬁé”cnvely- and ‘h?'slﬁ'ﬁ Pipglingd. Hoseeveretheon every
cycle. Figures A4binaeriiofevopldadsofenctib@ivith b @on-pipelived IBU having arbinégpdepthof two

and three, res peC'FinX WPX ?lﬂ:@uxts %re%xjactlc ﬁc?foﬂha‘?t%é %ﬁﬁ&g %Weardelaémg}t&lfpar y

i nvention would P
dept h. depth between each instruction 1ssued rom the IFU. Nevertheless, it is within the

scope and contemplation of the invention.

Figure § shows one example of the IFU 59 which may be used with the
processor core 50 of Figure 3. In Figure 5, only a portion of the core 50 is
shown. The internal couplings are the same as in Figure 3.

The IFU 59 has a depth of 2. Tt is pipelined with a first stage (FU1) 100
and the second stage (FU2) 102. The central latch 101 is coupled between the two
stages of IFU 59. The output of FU2 102 is coupled to a queue 103 and a
multiplexer 104. The queue 103 in turn is also coupled to the multiplexer 104. If
the queue 103 is enabled, an appended bundle issuing from FU2 102 is stored in
the queue 103. If the queue 103 is not enabled, the appended bundle issuing from
FU2 102 goes through the multiplexer 104 into IFL 54. Thus, as a queue 103 is



This woul d, of course, degrade performance as there would be a delay of the

| FU - depth between each instruction issued fromthe |FU.
Nevertheless, it is within the scope and contenpl ation of the

I nventi on. Figure 5 shows one exanpl e of th ich
may be used WOR2H414 processor core 50 of Figure 3 "5#2;8311% 5,
only a portion of the core 50 is shown. The internal couplings are
the sane as in Figure 3. The I FU 59 has a depth of -2. It is
pipelined with a first stage (FUl) 100 and the second stage (FU2)
102. The central latch 101 is coupled betwsgn the two stages of | FU

59. The out put of FU2 102 Is coupled to a queue 103 and a
mul t1pl exer 104. t%_}g°e u%f%gwo étgra%éjtpatigﬁs,%gﬁsﬁ{?&@h?&b gf'&:@ssga" LPthl exer

104. If %fp e 1ssuing from
FU2 102 is st or edIFu59 and stored ir-e girug 403 while the Il 34 ’(ﬁlﬁ@ﬂ%ﬂ 103 is not

enabl ed, the appended {HADHIESY fsHovAgcdnak@advantage of thedecblipled)adlting feamregh t he
gucl'l'; bglgg;(ig 5%24 | n}&e lvaIEnéoAff. \ﬁ‘e‘ﬁsm ﬁ%ssﬂcsoabk?ﬂleﬁ()]tg:ilzﬂ. 34, that stall sig}%)igl‘%&gf"lﬂ'
shown as havi ng t weikbletaFa) $%WhatdFd 59 dogs wirkhathe srall sighad isdmplepentaticdcessed by

tTEe |EU 56 ! FUh5% peitd. Sﬂtdéﬁﬂﬂrgl xftlbssqssemtamegnmd theistpRallnfdy tedisédstost al | ed.
e assovvn an take ure

of the invention. ‘?1“‘155“%15 &éﬁ“ﬁ%ﬂl{ﬁ%gﬁéhggﬂéat eé["l;I P‘by gnal
i s made a¥Qinaytslersrmipe bﬁ@ﬂ @QStOM&%\lFVql FUhSQUQ!FGéQ3%Q@P’fﬂ?@%‘f"ﬁq‘ﬁ‘e’m gnal

i's inplenentation to assert stall ﬁ@ﬁ’é} 6l For e&@xﬁﬁlécbeﬁﬂisb’ theilFU 15D stolesispae €or 1adal |

signal 60, the si esulting
in appended bundl ‘g‘éﬁ H\é"??’SP@a ?%5?%&“1“0%1 E%L Frohtfe lgP‘gge‘\m&Qe’?gé\{et er i ne
based on storage Ipeacessingronitheseguedies. g TG/ SR eancthert it e &P 1\'/\?139‘?%5‘8“3 to
assert stall Si gNahe §1whEPfis SARJR ocpbaiiaionst fuheiel Fekiased. ok mgmm f or

t wo bu na g t he
| PL 53 and begl n SPould duo¥ %rgé mcu%n%%q%%g%g&gcgﬁ%{: :E% 5% can then
stall the IPL 53 ukg Wi 53 dmeny event, it WOUMlbﬁ@“’EFECWI‘P1“?@“'%5'1“’1‘”%5;93“(@ 13 fice pt

addi ti onal bundl esamé cﬁ%ékﬁkt?siaﬂdi() ifushepid@ eThisiedutes or clxmmatcs\mdxirdicailtixmvpamor e

t t to b
he. | FL 53, 1 n any"SUonD =r g g filsahd Qg sy e FF"’“ fssert stall

61 in the egf"mcm y Greater pfficicagy-p pchisyed W %@@W'&im }F'M andy. éﬂJces or
el imnates the cridohémle dceﬁlr@&édixcmg later idle fime i the I pearsepep.as Echvirann such

stalls and aIIovvsthe 055|b [ @ fi at er
efficiency is achlrgii}@ “heenY éaﬁqeg‘yn&evﬁ&ﬂlpgﬁd dud1n1g|1_);1e Sl IFS}&QE%}C 1<tEwanue

processing reduci rﬁgsﬂmaetwcmdlcﬂﬂﬁtﬂbml"i*ﬂpr@ al"ﬁ)"l?é@‘&db“é’“"“@“ﬁfmeaeﬁt PRRE £ rom
mai n nenory was begwed @the€NRNSTwend bé ftbhelifrom gneinivey $0,4f the D59 axceprpihet i f

we __assune 3 {%H%ﬁﬁﬁeggtﬁliﬁtﬁé tprl 43, LipGfikd: prac@fifly e peltBrmed to

instruction of thd“fe . o _
retrieve that next needed instruction in the memory during the stall.

Figure 6 shows an example of instruction flow through the pipeline of
the embodiment shown in Figure 5. In the first cycle, a first instruction, 11 is
issued by the IP. In cycle 2, It resides in the IPL and is latched into FU1. In
cycle 3, I1 resides in central latch and operated on an issued by FU2. Incycle 4,
I1 resides in the IFL and I1 is operated on by the ID. Figure 6 presumes a stall
asserted in cycle 4 by the ID. Thus, I2 would follow the same path as I1 one
cycle behind, but 12 is placed in the queue in cycle 5 rather than the IFL.
Similarly, I3 is placed in the queue in cycle 6 and exhausts the available storage
space. The IFU stalls IP in cycle 7, even though the ID stall is released in cycle 6.
Thus, in cycle 7, 12 leaves the queue to the IFL and ID. The stall of the IP
continues in cycle 8, thereby allowing the queue to empty in subsequent cycles.




issued to the FU 59 would be fetched fromnenory 10, if the I FU 59 accepts
t hat next bundl e before stalling the IPL 33, significant processing
can be performed to retrieve that next needed instruction in the
menory - duri ; all. Figure 6 shows a |.e of
instructionq??gﬂ?¥%ﬁough t he pipeline of t he enbog?ﬁéﬁgﬁgﬁ%wn'in
Figure 5. In the first cycle, a first instruction, 11 is i ssued by
the IP. In cycle 2, 11 resides inthe IPL and is latched into FUlL: In

cycle 3, 11 resides in central latch and operated on an issued by FU2. In
cycle 4, . Il resides inthe IFL and 11 is operated on by the ID
Figure 6 presunes a stall asserted in cycle 4 by the ID. Thus, 12
woul d foll ow the ind, but 12 is

. I T b :
pl aced in the que%@g?pﬁpé‘{l/c sgﬁ% Ogﬁﬁgérp?sﬁlgﬁ apﬂg&?’sgdfx_%d Within ©SCOREARd arly, 13

i s placed in the c§neoplation efiths iaventignd exhausts the avail abl e storage
space. The | FU stalls BeBmisthe¥@il€aré decdvgied, BRANDY did 1D ih@ny‘&é@éfybleé $.gel eased

in cycle 6. i 7, d4.2 leaves. the eue fg the IFL and
ID. The stall of THdd ﬂ:@é?xb ei:fg“%}{%egf}ﬂv? ﬂgdé?ulcﬁm}?fg?‘@"' , °f°ﬁ§°rre’g oLl | owi ng t he
queue to enpty i rPX3MBlsqdersquired 9 basferched from extgymalga¢maery,iistall of the IP might
EIC:]' / USQ?/ 131‘5P4 be initiated in T4, TS5 independent oll’ the stall initiated by the ID. However, the - 8-

er pipe flows . S ossible.and consi dere thin the scope
and cont e’?ngﬁ'é??é‘b‘ﬁ?g?{"ﬁ?‘éc e?%‘\%/%ﬁ’?‘i}foﬁ"s GepeRdifg Srhé ?C“\é\ghl§29§t§ 1 he
stal | s are decouphelP, ayalid igstructign miyebe etrieyeddaforetor e plrirestime aftes) the ID
woul d have no ef freedmedaviilablef(dsaMénibnddibbveict i ons shown. Moreover, if, for

exanple, 13 is requir e.fetched fr .external nenpry, stall of the
| P m ght be iﬁﬁgih%g?’_g%?"ur%sl’?‘ﬂﬁcai‘gn'?'ﬁdﬂ Rl s b8?"n$%é"b§8&1“}' initiated
by the I D. Howevdeferepgeco specific embpgimenss thereo nit willisoweayepirecyiglest thét @arfoak ch,
thus dependi ng Oﬂnddﬂﬁ:a{i@fs&h@c}ﬁfufvésf&@n B¢ hde thedeto without_deﬁmfg'é& ﬁac\{aﬂlaﬁi%

| NStruction my tgs 'Egl]i(“cgveeoq hbeem(,)rg rgosrsetafoﬁp%rther t'JEﬁ Fl te% the

becomes avai | abl & {88 HEM oned aBovey. 1n the appended Ciyms: yehet or egoi ng
speci fication, t §Becifipaton anddraydngsisess accgutingly. kbt negartied in an illustrasiverathece t o
spgp} fic enbodi meming r&dﬂﬁcﬂﬁ@ﬁensé.t'l‘h&fdé'd)rehﬁéﬂ&bﬁéonSe iﬁvmsg&héunﬁk lifﬁlge-kious "
nmodi fi cations an e . e thereto without departing fromthe
br oader sgf"?ih’?qg"n%pg'?é%gﬁb “the invention as set forth in the
appended cl ai ns. The specification and drawi ngs are, accordingly, to
be regarded in an illustrative rather than a restrictive sense.
Therefore, the scope of the invention should be limted only by the
appended cl ai ns.
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CLAI M5 What is clainmed is: 1. A
processor c rising: a fi t age
whi ch trans%}r &g irst bundle to an external pipe ﬁé}m@"’?’%&‘z in a

first tinme franme, the first bundle including a plurality of control signals
and an instruction address; a second pi pe stage

whi ch ded bundle fromthe external pipe stage
in a sﬂtﬂmmﬂﬁmwm the appended bundlg including the first
bundl e &nd® art i Ast fuction corresponding to the poi nter.

2. The processor core of claim1 fur npri sing:

a first latch coupled to the first pip ; the first latch for |atching
said first bundle to the external pipe stage and wherein the first latch is
not r espoMdiatis cleimed it al | signal fromthe second pipe st age;

and a second-latch coupled to the second pipe

stage, the second | atch responsi stall signal fromthe
second pi pe stage. rst pipe stage whichgransmitsgfirsthupdle isarexiesnabpige cl ai m 2

wher ei n t he secogdginpdirititiagdrame, the first bundleinelinding & plumligtaficbntfdl gigadls i N a
sane time framne taf?d%&‘?xst?u%ﬁ%ﬂ%ﬂd% ;ch when the second pi pe stage

cannot accept a next appen urddl e in next tinme frane
4. The processor core o#seé‘l”ﬁﬁmﬁas%&h&hﬁwﬂ’{és@’caé’PF“dWQW&ilcﬁf@nWansmtted

to the external pkig@abiifdRagaita iddendaitheimg, hpiappendédigRdiessoh@Sngihe first
correspondi ng st %uldle and an 1nsu‘ucnon§:o§'5's%énc§u9g tUPﬁe };olu{ta‘t pi pe stage in one of

the sane tine frane, a sub franme and never.

stage for latching th? Imessorco?eo"%giﬂ)ggmgbundl e into the second pipe
1

5. The processor core of cI aim4 wherein the stall signal is transmtted
to the external pipe 3fageThgprodessotyart of dlaimvitfunthericbepsdgond | atch is
stalled; and "‘é‘ﬁfsﬁhiah LOupiAIP BB Fifst bipe ge, HedHrl: lﬁé%ﬁ%tchfnﬁ

ext ernal pipe stage trans

stall signal to &#H@fifstpandiqatheexicrnal pipe gageand ahersinghe Gnstlaigh is not
cannot accept an ré&xgétistvie@dbtalbsipehl fromnhd dacondpidestage; and

a second latch coupled to the second pipe stage for latching the
appended bundle into the second pipe stage, the second latch responsive to the
stall signal from the second pipe stage.

3. The processor core of claim 2 wherein the second pipe stage
transmits a stall signal in a same time frame to the second latch when the second
pipe stage cannot accept a next appended bundle in a next time frame.

4. The processor core of claim 3 wherein the stall signal is transmitted
to the external pipe stage and the external pipe stage issues a corresponding stall
signal to the first pipe stage in one of the same time frame, a subsequent time

frame and never.

S. The processor core of claim 4 wherein the stall signal is transmitted
to the external pipe stage in the cycle in which the second latch is stalled; and
wherein in response to the stall signal, the external pipe stage transmits:

an independent stall signal to the first latch if the external pipe stage
cannot accept an additional bundle in the cycle;
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i ndependent stall signal in a subsequent cycle if the ext er nal
uni.t becones unable to accept a new bundle in the subsequent cycle: ..
does not trXASHEMMY he i ndependent stall request if no bac®GIBE R s
in the external pipe stage as a result of the stall of the second | atch.
6. The processor core of claiml wherein the first pipe stage is an

I sty ' i ngggeneration unit, the second pipe stage is an

I nst 4“”““%“@"'? unit, and ttf& external pipe stage is an

I nstrauctd on Tetch unit. Y. The processor core of
tlaiml wherein the plurality of contro i gnal s includes a

( I ;oS ]
restart signal, the rest arfangpishthe indepeadenssfali signal in 3 wpsegyshiexeledf thy
new branch pat h. external unit becomes unable to a&ept a nesx mmdlb dchthe fubsequparcydlelg an

arbi trary depth Instruct | afbel it e independont st Wabdle o3 b 16 B oo

core conprising the steps ¢ ng a
processor core i H HRPRe 2! piResige py sk of dhe statlpf thesgrand latch. pi pe

stage are not coupl ed together; bundl i ng an

I nstruction address apd pifpeald |: f y . ..fromthe
o f (@)'r m aﬁ% ﬁ%@ssﬁpg&é & c1dif 1AL KB B first pipe stage is ‘Jx

first pipe stage,t | k e; ) . A, Ztransmtting
the bundl e acr osiSEURIGR BoiBiST EMETaioR Bnit, e SpGea¢ PipE Sigkis an instruction deopds ch uni t
in a first tinme haigARd the external pipe stage is an instruction fetch apipendi ng the bundl e in
the instruction fetch unit to include an I nstruction; and
forwardi ng the appended bundl e back across the core boun_darfy to
the third pipe stage Tn a HgPsegeeneors pffiaim ipherein the plurality of control 9.
The nmet hod of cl signalSincladesea restat Sgrmal, [theqbstirhdgrahassehadiip e fifk bgrlaias

not directly initi Il of the first pipe stage.
10. The nethodh%?B§T§}§1 wherein the instruction fetch unit di sposed

outside the core determ nes whether to stall the first pipe stage.
8. A method of supporting an arbitrary depth instruction fetch unit

with a single processor core comprising the steps of:

providing a processor core in which a first pipe stage and a third
pipe stage are not coupled together;

bundling an instruction address and pipeline control information
from the first pipe stage to form a bundle;

transmitting the bundle across a core boundary to the instruction
fetch unit in a first time frame;

appending the bundle in the instruction fetch unit to include an
instruction; and

forwarding the appended bundle back across the core boundary to
the third pipe stage in a subsequent time frame.

9. The method of claim 8 wherein a stall of the third pipe stage does
not directly initiate a stall of the first pipe stage.

10.  The method of claim 9 wherein the instruction fetch unit disposed
outside the core determines whether to stall the first pipe stage.

11. A pipelined processor system comprising:
a processor core having a plurality of internal pipe stages;



11. ~ A pipelined processor system conprising:
processor core having a plurality of internal pipe stages;

015 ot gosussecod IR WL 22 <= "o = o=t o,

coupled to é external pipe stage. 12. The s§§¥éﬁ?%ﬁ claim1l
wherein the first internal pipe stage generates an instruction pointer and
the second internal pipe stage decodes a fetched instruction. : 13.

The system of claim 12 wherein the first internal pipe stage is isolated
fromthe second internal pipe stage vvithi_gl_t he core such that a stall
i ssued by the second internal pipe stage does not stall the first internal

pi pe stage. 14. The system of cl.aim.12. wherein the first
i nternal pi pe stage transﬁpf’étergalf%rfcssﬁagﬁﬁ%ué’fcgé}? H@fsﬁﬁ'i%lgwcistﬁg"ﬁ"&&i on
address and a pl sscerd intgrnakpips tagkiand control signals to the external pipe

stage in a first time fragguen@flcoupled to the external pip¥dedgel N the external pipe
stage transmts a second bundl e including the first bundl e and an

instruction to the second internal pipe stage in a second tinme frame.
15. The system of ci2ai mThd systesr ofigirim 1 iwhersinth¢ fitstinteowhpipbistage rst ti ne

frame and the segBghel b BsticBFpdister 42 GRABERAImGhalPifel e Addo@siaed t he

internal stages 1o forma required operation.
9 etcthF {nstrucg}m. q P

13.  The system of claim 12 wherein the first internal pipe stage is
isolated from the second internal pipe stage within the core such that a stall issued
by the second internal pipe stage does not stall the first internal pipe stage.

14.  The system of claim 12 wherein the first internal pipe stage
transmits a first bundle including an instruction address and a plurality of pipeline
control signals to the external pipe stage in a first time frame; and

wherein the external pipe stage transmits a second bundle including
the first bundle and an instruction to the second internal pipe stage in a second time
frame.

15.  The system of claim 14 wherein an interval between the first time
frame and the second time frame is independent of a time allotted the internal
stages to perform a required operation.



