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Pl PELI NE PECEOUPTNG QUEUE DESI GN FI ELD OF THE | NVENTI ON THRGI/U$RI@HESH on
relatés to a processor generally, and specifically to perfornance
ephancenent of the processor's pipelines. BACKGROUND OF THE | NVENTI ON
Processor designers have always attenpted to reduce the annuﬂmummumwmmmm
processor TAKES to execute a program One technique for incr

processor's performance is by overlapping the steps involved in exeetting
multiple instructions. This technique is known as pipElining. Each step in
t he pipeline, or e sta conpletes a part of an instruction. The pipe
st akes are conHéGﬂeﬁREﬁBJE% YHIPELINE BECOUWPRINGRUEMEPESIGSE r uct i ons
enter at one end, arc processed through the stages, and exit at the other
end. Because pipElining exploits parallelismanong the instrictions in a
sequenti al Fngty @t TEE BNYERMION VYields a reduction in the average
execution tTnme per rnstruction. Since instruction execution proceeds at
different rates in various pipe stages) in order to ensure the optimal

perf or mance of ine, one nethod involv ertl ng,queues in the
pi peline to decgug? B‘Vfﬂléqé‘em B0 &PLEor &%F”gfxaﬁ%f glﬁ)’ ® queue is

i nserted beﬁc%%aﬁecfc%meﬁm%[ﬁa&oecsdﬁtﬂ%gmmge of a pipeline, a
processor can retrieve the instructions during the fetch stage and store

themin the inserted queue. Instead of waiting for the output of the fetch
stage, the progce I PELII ions directly fromthe queue and
proceed wt A ' lt, the execution of the fetch

st age and the decode stage have been decoupl ed. In other words, the two
stages can carry our their own tasks independently. 1 2 MAR 2003 1VO
001177.1-1 PCT/ m@@@bm@si«gnmmhwgmyshetcdxpsa@rtblnﬁdxcddunummnmgr gumeue

mechani sm enhances t he Qerformance of . a E pel i its limtations still may
hamper cont PATRSEPTIERSS 4 F‘Gr“tfgoﬁ’*rﬁms&f@d g qus B‘?‘&E‘é’é%ﬁ%épr%gssﬁrﬁrocessor
further splid&MBndctiSy bpendghﬁg nﬁvdlmr.ﬁfe%@amntv%uﬂi Qek speed) the
duration of the decouPlin~ up time and itS delay to perform

ei t her a-~r ciastnatioas.ifhis e:cbmqncatblkmnwoampbaebmng prdhstbpint the eipglihgogt hy i n
vi ew of a di nmi ni shi nngﬁfﬂf ck cycle. \Wen such overhead cdunJs to the

processor cl Bk SEHeIC *ferérﬂ“p?%@F&'?n ngRPUEBEHI FPERASHCi ng a

processor’ s f S tdnad & r thod and
SRR i o A A S P

dCSl bl 1 a pihrdEEHEGthges] dnd:ekitlay Lhﬂ:b’ll’refel;lcctBéfcrd@]:Lﬁ()le}jn:,]LWld)lh{)ut i mpacti ng
its perfor mance SULW-I ARY, OT' TI1' | NVI ; l\lTlON A et hod, and apparatus for
expedi ting ¥ iSFBEEangbe kﬂf‘“éc“ﬁf‘ilf"a‘} feapedial PElpe parsiisRMs it viFlds “rocessor.

tn one embodhiRihn ifienBRACERMfoNEhe pePhithhiohy oC pipeline units to

process a plurality of inStructions. Eacll of the plpellne units has a

plurality of pip&insd mgwsctiohgrtdugpn pmcs&isfm tif feecht quevia viasiopy pipe ded t o
couple at |east one of the nmentioned e stages from anot her, wherein

the sel f-tiREFS OO By be BB‘ﬂrﬁa'rPééfﬂgﬁﬁH \R}r’ﬂ’é’ebﬁ‘ér"é’ﬁ“ﬁrﬁ%"% thin a

single clockyeNe fsding Reust %ﬁéﬁ@amﬁ@d&ﬁ jﬁg{ﬂ fips R EE FLHE DRAW INGS The

present invention 1s Iflustrated way o s not limted
example, when a queue is inserted betwecn a fetch stage and a decode stage of a

pipeline, a processor can retrieve the instructions during the fetch stage and store
them in the inserted queue. Instead of waiting for the output of the fetch stage,
the processor can obtain instructions directly from the queue and proceed with its
decode stage. As a result, the execution of the fetch stage and the decode stage
have been decoupled. In other words, the two stages can carry our their own tasks

independently.
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by the figures of the acconpanying drawi ngs, in which |ike references! 2 MAR 200
i ndi cate svanpd/grsel ements, and in which: Figure 1 illustratpegaikee21864
conventional pipeline for processing instructions. 2 Wo oon7~~.s

P@&T/ US99/ 21864 Figure 2 illustrates the scduence for processing
lrISICLICIITAO1S according to the pipeline in Figure 1. Figure 3 illustrates

a bl ock diagram of one spcciClc application of the Present | nvcntlon.

Figure 4 illustrates a bl ock diagram of one enbodi nent of the present
invention. Figure 5 illustrates a general purpose conputer system
architecture. Figure Gillustrates a flow chart for one enbodi nent of the

present inventi ORlthoG@Miheesdrgl dettitipting Gh&W BechahishUushlimteethea flow chart
for the wite pointer and read pointer nmanipul ati on of the present

i nvention' s pedemance poyppcling. tts limitptiors 88l may bsmpatcostiayedalesigpl e where t he
wite point q@. and the.read Foi‘n_t er point to tg)([? §an§. entry.in the present
invention's® QHSINPSTHBE IR RICCSSe Ny fp ? BECrIPL Hhéﬁ‘“_é’ LRI EXRIRpF8ERheT e the
read poi nt eq,hagdARRSYod Qe RNEL MR I®EC lscAplihY Bl & sisBupbRgndr esent
invention's data storage unit. Figure 8c illustrates an exanpl e where the
write pointend hadclay appetbrarabnc aad oRYWWridepéstiactimnatedei n t he present
invention's data .storage unit. 1 2 MAR 2003 Figure illustrates a timng
di agram for P g‘h’@l"é‘f‘?’ ﬁﬁ‘%g‘yvbf‘i"t'eé" ef yAminishpsLlodfycl; 3%%” SKER AYSiPeadpr ocessor
cl ock cycl eyodys 10hfe MR 2AD31MNDA0ND Tirher iRl L vl 1PTION
PCT/ US99121884 A “met hod" and gppé}rtatt't?s #Brcr@%eﬂ”ﬁlha%%‘éﬁgp%gggi n~ of a
plur,rlity efocessst'spetfommscen a processor is tlcscribed. 1n the follow ng
cye~cription, nunerous . )

' As has been demonstrated, an improved method and apparatus is needed

to meet the aggressive timing goals and to design a processor at a target frequency

without impacting its performance.

SUMMARY OF THE INVENTION

A method and apparatus for expediting the processing of a plurality of
instructions in a processor. In one embodiment, the processor has a plurality of
pipeline units to process a plurality of instructions. Each of the pipeline units has
a plurality of pipc stages. Further, a self-timed queue is provided to decouple at
least onc of the mentioned pipe stages from another, wherein the sclf-timed queue
supports both read and write operations within a single clock cycle of the

processor.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustratcd by way of example and is not limited
by the figures of the accompanying drawings, in which like references indicate

similar clements, and in which:

Figure 1 illustrates a conventional pipeline for processing instructions.

2



specrFic details arc set forth such as control logic unit, data storagEZFMR2%3
unit and W&PHY 7¢enerati on unit, etc. in order to provide a&crhusem2iséigh
unci crst;inding of the present invention. However, it will be apparent to
orfe of ordinary skill inthe art .~ | that the invention nmay be practiced
w thout these particul,ir details. In other instances) well known el ements
and theories such as processor clcai~~n, rc~~istry file, pipeline, setup
time, etc. have not been discussed in sp~cral details in order to avoid
unnecessarily obscuring the present invention. Figure 1 illustrates a
conventional pipeline for' proccsstng instructions. The processing of such
instructions consists of four stages: instruction fetch 100 (referred to as
F)) instnrction decode |02 (referred to as |~), operand address
CO Tl pul al | On 104 igyrer2eillugeptesghe scqupncefagpragessing i eI a6ertdi®edd/ oper and
store 10G (peferned .1 q. Each of these steps becone a pipe sta~;c and
results in pﬁéﬁéﬁggd@?gﬁhgéftern shown in Figure 2. Wile each instruction
still takes four clock cycles) during each clock cycle the hardware is
executing sonme part of four different instructions. Al though pipelining
does not reduce Fhgureditlystrases 4 blaek dngram ofraie wpebifad ariptisatiancafitien) i t
i ncreases the,nqnbef of instructions conpleted per unit of tinme. Having
briefly di sBIESLd"YHWEBonvent i onal pi peline principles, Figure 3
illustrates a bl ock diagram of one specif is application of the present
invention. 1t should be apparent to one ordinarily skilled in the art to
apply the bl ock digupeahliusraesheblogi giegmmag/enciembadiprenceSbopres¢tm addi ti on)
Figure :~ illustrates a bl ock diagram of one enbodi nent of the present
i nvention. THE"W?ck di abram can be inpl enented in various types of
processors within different general purpose conputer systens. One such
conputer systemis illustrated in Figure 5. 4 12 MAR 2003 w0 00/ 17744
PCT/ US991 21864 THiimrednipusiertessysanern purphse eoptputar sgoep nichasctarepr ocessor  S00
with a pipeline unit S02 containing the present invention for processing
audi o, video and claminformation, coupled with bus el ement 504 for
communi cating i nfpgdpatd Mlraies TNERRARNTACHESHLIRRRYorIRE pcoup! €d Wi th said
bus clctnent S04 for storing static 1nformation and |nstPuct|ons for said
processor 5@0kndodatanstldogigendevi ce 51 2 such as a magnetic di sk and di sk
drive coupled with said bus element 504 for storing an operating systemsS
16, information and instt~uctions, a readable nmedium S 14 such as a fl oppy
di sk or a CD coup j ] j ] £etrd.eving.i nformation
and inst~zicti ong4 l%cwsgpéﬁg%%cggkg8ﬁtl‘rgg%;mca\§alfks’%ﬁrg§/g‘§g\/+?\e/ﬁ OE%CSJ coupled to
sai d buy el enmijiul &6 dfohe phiesqult aywiemion’ né@nmwhtdgdmuitio t he conput er user and an
al phanuneric or other conventional input de:vicc S 10 coupled to said bus
cl enent 504 for communi cating informati on and command sel ections to said
processor 500, Opgptel liBhrddSoRRGRER AW N AR pBRRr LAY RLERN At hand is
.a) met hod and apparatus for expediting the processing of & plurality of
i nst nt cti onpoinergpoptt ac exsame edpedi thie padsknt, intdneiopselaastoragevetit i on not only
decoupl es one pipe stage in a processor's pipeline unit fromanother, it
al so supports both read and wite operation fromthe sane data storage
Location within e, AACHIIelecanUAHbE GAAE theGUa] SoimEUidNGRlpdine Pr esent
i nvention generate€s its own non-overfFapping read and wite $Signal to
trigger theafppdapd VAREnddedsla@Rdiedrin tiR preRhAinvenbn'sldiestomgadhiand wite
signals remain active for a mninumduration to conplete the desired
operations and to neet a subsequent |ogic stage's setup time requirement.
The invention al ingd udes logic to determmne the npst efficjient sequence
to execute the ri@ﬂ"&%&'&Fﬁ?@”oﬂé?%??%ﬁg?r r%‘”ﬁ%P?@E?%%%WS?S#ﬁe i nvention
i s a gener abrdidd RAG R W GHGULS hoPMEIEMIRARERK MUeRibnadatd blagé usignponent s as
illustrated in Figure 3. Specifically) selected pipe stages in pipeline
unit 502 in conjunction with the present invention 12 MAR 2003 ~.vo
oo~t ~~aa . . C . N

Figure 9 illustrates a timing diagram for generating a write signal and a

read signal within a processor clock cycle.
3



PCTNS99/ 21864 arc used to denonstrate the functionality of decouplind fHéR&0N
306. AfterVOpEtdi#d ng system 516 on data storage devi ce 5| 2 Hayads9/21864
instructions fromeither cJ.rta storage device 512 or readabl e nedi um 5l 4)
i#* al so scu up the necessary environnent for the instructions' execution.
The instructions for processor 500 ~tr~ typically stored in random access
menory 506. Bl ock 300 retrieves variable-length instnrctions from nenory.
Then bl ock 3U? rotates and aligns this retrieved information by tlru nunber
of bytes cJcrived from bl ock 304's pre-decodi ng. Bl ocks 300, 302 and 3Ul
can together be considered as pipe stage F 10U as shown in Figure: |I. Since
decoupl i ng queue 306 storc:a outputs from bl ock 301, inuruction decode unit,
305, or hips F %%i Fl,] lf\[e 1, dots not need to stall for the

conpl etion MM E : PIdg. | nstcad, instruction decode unit 305 can
proceed by processing storc<l instnrctions fromdccoupling queue 306. In

ot her words, operations of pipe stage F 100 and pi pe stage D 102 have been
cl cc~vul ~l ecl by Ausethoti ade appiphtin Rorgugudérind0fie ptdceshaubich feragigpdfasi rcd t hat
al t hough specific pipe staJcs arc used to ci~~crihc the present invention)
the i nvent i OFUHEYOTEAN 2-Precesis iedtsabedn Inthedplioying depcripyies. symdionit exceedi ng
its scope. FEor.ex e, 1 mry be in~crtcd between pipe
stage D 10’?5%{%? ('p?{)mgllss'%rgggqﬁm%@rﬁ."'S\%F%{?ée*g%@?,gmil'td‘l}s/‘h’xggll‘l!ﬁ“ B@q %’)’C\Ei ous to one
of ordi nary iiskhg berichatioheun@ ttclia cad@liy ploRRicprbo@nEh uRYMEAhh @A bOthgaNy nore

pi pe stages than the four illustrated in Figure 1, or to nultiple pipelines
within a pr (BB@%@GFV(‘@NO{‘OWcﬂfpllé"lﬂr?é@é&%@?léownt pi erdeary Milet thapntve
Ot Fon Y T M Bl By o R AT BT BB BT CBRSAL [ 1o Present

invention. The mechani’s decoupl ing queug " _ s further

el abor at ed iimufc@y e 114noIRatihdieadddthe HRE QU dsBoQuiielc 30, dfislydes contr ol
| ogic unit 400, timng generation unit 402 and data storage unit 404. In
one enbodi néht. pafclinhseppdgahield. hvreriot been dispuascdtiosprye] dntatls #0ardgrsoa
register file. . Figure 4 and Fiqgure 6 illustr.ate one enbodi nent of control
logi o unit 2000 SRBEEFAROTS P RS YE BNt 406 and its internal

poi nter cal cul at lRDgl_ﬁeleE‘sTtrrann|c@ﬁl‘l'&1_litjrﬁﬂlg)iﬁéﬂﬂc&ﬁ@ﬁé@kﬁﬁﬂ msaoaiong! signal 410
to indicate the desired read and wite 1 2 MAR 200?3 ~0 00i | ~~44

PCTI US99/ 2184 prasgesinde! ek duphetinps gorsites sipur Speasi finseaktign) fegchnk00ol | ogi ¢
unit 400 begins by setti.ng tjmn e tion unit. 402 to, . -

Wi te-opera ri"gtr'{r-b\l‘;}il?.é”f E:?'é%%r-”(%{p’)%nr%‘t Pgﬁ?@ﬁ%ﬂfm ?g%"e‘sr %8%’6”‘5;‘"“\7\?2)‘ node in step
600. As conth@pbulaQ8h CoHTeferd@Q £&0A ¢ Uh@éRRulisiPoperhiQERtdipchRddagr@ st or age
unit 404 to wite inconming data 412 into and to read outgoing data 414
from contrdPo(séireduniX). Fooh afhercaiaps begpmawipipe Adentnducstles ipohat er and a
read pointer to .track the calcul ated ations. G ased on the values of
1 e two: garentih 858h PR G He s VBB Ran L ARG 388) REsHBEYI 1 ogi ¢
unit 400 detpd1ed, aasnybRhhesckdgtia sd Kirdwsic Wdiecd@fh Rk F@PsTbly to continue
receiving incomng data 412 in step 602. \Wen the wite pointer and the
read poi nt ediffasgntgestmctionsy Althpash pipebriagdoesmat reide thyrexgpdiondineefnal i nput

406 indicates.a.stall. in t.he.previous pi st age ont rol ic unit 400
asues . coft I RY it Reign bR bR br Bt R 58k i chi ng to
read- oper at iygRof ikt Wi te-operation-later (referred to as RN node in step
604. O herwi se) WR node continues. In a simlar fashion, based on the wite
poi nter and r ead Hwingttgreflyalissessed therdonedntiongfi ipaimietprisOpleseFighiess whet her
the read oper at i ons gn O(.Ht oi n? data 414 hlave. depl.eted data storgge uni t
404 in step'BHEACHAPL @gqfffﬁ" AR H5rilisARPIGAULP Of thegue i AL Y HEI9r dSent state
of control Lggj i i R, % or the
st at e, R\ngg(g“gﬁ)ywarrrégg? oféegr)r[g?%g@lﬁyrll\al tg?gﬁeﬁ?%%g’?{r}ﬁﬁ%%ﬁcg\?l th exanpl es
shown i n Fi guother fipe s@pesainc Baceaswd. {rhaiditiang Kigidrad ilanirgtaombldch Fi gure 4,

Figure 7 further illustrates the discussed read _pointer and wite pointer
oper at i ons. 4138rap @honaembeimant of Ahcpresest Wyen i {HW@EOW pSRMAEN Rt ri es as
shown in Fi t.he.r i ) i t 0) and the
wite point g’%@f}%ﬂ Fe‘ g?{@gqq{,@&ggb%esggg)\é.pﬁ{]talrrg]‘% yt"g%l&glt tr%&?he sanme first
entry, and comph@lsyseghs Oud ducHOSmpeagr systew ik hilldARarvdde Fighse fncom ng data 412
enters data storage unit 404, WP 802 is increnented in step 702. Simlarly)
as outgoing data 414 |eaves data storade unit 404, RP 800 is al so
incremented in step 702. \Wen either pointer reaches the end of data
storage 404, or entry 5) the pointer is wapped around or begins fromentry
1 again. 7



12 MAR 2003 wo oo/t~~.t-s PCT/US99/2 y 864 Figure 8b denpnstrates ond 2 MAR 2003
possi bl e 3Y@PAUHITH where RP SO0 has wrapped around and dat aPSTAS®Pd8Mnit 404
rs enpty. More specifically) when WP 802 has advanced fromentry 1 to 5 and
t~; r~ wapped around to entry ?, and when RP 800 has al so advanced in the
simlar manner) all incomng data 412 already witten into data storage

unit 404 have been read out through outgoing data 414. Wen RP SO0 and WP
S02 point to tits sane entry 2 in step 70=1, and RP 800 is verified to have
wrapped around in step 7U5 WR node corttinucs in step 71U. In other words,
wite operations_nust take place before any further read operations can
occur. As the w This COPPREE PYSH e NEBIACEYES CHPPRED aiecatc 0P ovidm ry 3 while RP

SO0 renmi ns_at,.ent r.y. a t .the other .hand) rigurc Sc offers an

alterrt: ~ti P/'deér&ce%’éﬁ% W%Lar"ém%lgic r%%%[rlaé?q%Hif?rgpéfaﬁfsf'ggf’ﬂ‘lhf’! VIdeihous to _
the previ ougyfligetmAioaNcoupWaai iR s@HEman o8 nR@iidhiink nfbRRaFATE _entry in
step 704) and WP 802 is verified to have wapped around in step 708. WR
node i s chamgedommcRiAs megeory A06 caplcA1gith sad bupdemiw A0 rfbystoriemstatgper at i ons
must occur E}r.i or .to,an}/ aubaequent . write__o%ﬁhati_o,ns, ,be%quse ta storage
unit 404 cafhgtHEE ARt SHYLRY isaKHOTHRB R Gt HOwES RS Phe read
operati on exeful @nagdhtlicPlk hil HiNCHGVEMuBRILANLAE] Yusk1vhkd&oYF, 802 remai ns
at entry 2. Although details in one enbodi nent of the prc;;ent invention
arc used tostdesgcan beeratinganystcout Jér infordatismibd misimgetivps hamhdrblamddiamc ont r ol

| ogic unit 400's operations, it wli apparent to one of ordinary skill
in the art tb g2 FH@PPMEF%B% occﬁ'BF?ﬁé\’/Bpi“‘l‘fgg%ﬁﬁ“t{Baﬁlog f3 t hout departing
fyomthe scopg @fs hiiGniYsRhd Alrudi@hs FFRTR! Rl sBBACHSL | 600
intelligence ?an ‘ble pérqt of datléms[toF age lu it“4b4. Ifur(tlhr\glrl)? 8%Ut"&shoul d be
cont enpl at ef08§ ¢tmaplddhe shiddue elstrepsSd4 foudisplayieg infnrritgurteshécamshitet can be
arranged in dif%‘gyegt orders anc{ et still yield the same results. For

i nstance, st¥€pitoy Haa@ﬂ‘é’_ﬁ'c@(ﬁ?‘ ¥ C‘?fi_v?’&ll"?é“‘h”‘&“_ Vi A0ECHAYI & ) 708 i n

Fi gure 7 mwugmrﬁé.ﬁfs@aq&emrnurﬁmmé%reeﬁatmdjnh'csa]%m%cm aub sﬂﬁf_ect' ng

t he outcome. 8 1 2 MAR 2003 WU 001 17744 PCT/US99/ 21864 After having
descri bed tpecessde¥cti ons anong vari ous conponents in decoupling queue
30G Figure 4 in conjunction with Figure 9 illustrate the operations of
timng generation unit 402. According to control Signal 410 from control
logic unit AQ0Nbd BT (R PIG&RRIBLd@BaUNi t 402 generates a corresponding signal
to data storage unit 404 (o initiate data storage unit 40=1's wite and
read operations. Speci Crcally, when control signal 410 indicates WR node,
processor clock 4]6.s rising edge triggci~ a wite signal 418. Conversely,
if control si gnaﬂ’%!’dci"ﬁm‘Eg‘f‘%‘ggﬁ\ﬁ?‘ﬂhg‘g)‘"dp‘fp@d@é‘é*cfw ‘&‘W&‘R’_”&i@“ s rising ed~~e
Ly ggers a bee sl 1alpidraigr it ghs i BB OS] MgbfesBocessor

cl ock cycle en-contr ol gl gnal 410 indicates a I\)/\R node, a non-overl appi ng
write signainvéniidh e colyedecagili¢svanefpipe sagdun atprarswof's PR lias ushidrom i N Fi gur e
9) During this ti,rne?§ the wit ogfration, tri_gggred by wite signal 418,
conpl et es wrtAhesgit plse SHRRRGS pathread pnd WHiePPQERIQN dhog) WigSamAdptastaaseas t er t he
conpl etion pf . inlifle IOBERbH PfinglfRIcRK 819K ABE R the BR4e conpl et e
signal 422 {bfgmﬁnrsnwﬁﬁgmglg%g@a%ﬁn u’rll%t 402.§1At this 'ptofﬁt ,%cj?ﬁk?ﬁg?gnal 418" s
cl ock edge gaictsesancown hgrgevelapping bsxdqnd ivrita signaue ndiggeptepppeddiasi gnal 420.
After sone delay of 912 in duration, read,si~~nal 420 is transmtted to

dat a st or ageagand waiggopesatiqns g dBeseiread ang s SigRals Agmpia 20U 8t i on. Simil ar
to wite sigF -9@% '!ﬁ:pg &maﬂ . ' il ad
operation i%ﬂgkﬁpﬁfg%%{ﬁ. d%l |lo‘lflg]%l20§?ll;lt 5?%8%%%%@%&%’9%%%@ a duration
of 906 in disgatsiape’s @uiaims fequiayien Mhoimeaddupss inttudes ippidc @ent of a
subsequent |ogic stage. As a result, the subsequent |ogic stage can

i medi at el ydeterming the raest eficiend seauangsdo e erdie Warendiasd vagsppemgtigiéecut e any
needed operations. Simlar L NG P ontrol  sSi | 410
indicates a RW H%fpﬁhcgf}%%gf%'ﬁr}]‘}a%\bﬁ%bﬁg' c)é%r‘_g?)@g %pcﬁfnfdt%s?{]gmsi gnal 418
remai n act i ¥grig éh phiANAQONPon@fRds MuBedlePMEFiL@R B SpetiiRMll i gnal 420
stays active during that time. Nonovcrlapping wite signal 418 is triggered
by read si gseddctetDiips sthgdslin pipediho it 80R)m, coapaclion waghabapresest inventiar  a
duration of 904. 9 5




W O 00/177d-i 1 2 MAR 2003 PCT/ US99/ 21864 As has been denonstr at ed) EIIZEMAR 1003
present i M@E¥i’7dH supports both a read oper,tion and a w i tPeTajs99/24866n

wi thih one processor clock cycle. Mdrreover, ~~iice the operations arc
non-overl apping) the read operation can read fromone entry in data storabe
unit 40~, and the wite operation can w itc into the sane entry. Using
Figure 8a as an illustration, the read operation can read data fromcurry 1
first, and the wite operation then wite into entry 1 in tire sane
processor cl~>ck cycle. Thus, a nethod and apparatus for expediting the
proccssin; of a plurality of instructions in a processor hay been

di scl osed. ® titrdughlembestprneterftindtivvelityiof dedvaplibequeuddO6r ilded particul arly
with reference to the figures, it wilt bc: apparent to one of the ordinary
skill in twéwamnsw%{?méﬁg Frdaievierapghdeviges Vit lerdy npisEars iramgiichunber  of
systens with, pr [, j Pravi RiLpeli ni.ng f ti.0 i It is
further con(p %‘ﬁb‘?@?’ggg‘{’ﬁ% "n%ﬂ;?%%gn’gg%ﬂéﬁ%%gdﬂg ihétlé{hl odr]f'sné‘émacgk/b‘l e made by one

of ordi nar yerskbhmechtof the iddtfuchbid @uécudeparhe nGurhdims toeprogdsidrtsoand scope of
the present invention. 10 1 2 MAR 2003 What is clainmed is: 1. A nethod
for expedi timbyriadypsisebispidprofcegspmamany 286.of instructions in a

processor, the hg 0 i siong: .a, providing a.pluralit f _pipeline
units to pr ocesgﬁfs%i? Og cg}r?é\'cl‘%tvﬁ}'q‘(‘) Ie il'“ﬁlg[hr'ﬁ]étt 1ORE rr&ﬁe?’é’i" {Yeacki"of said

plurality ofjog @ ioR@cdtmdt:Gighamidrcpidve@idfbdnAfonBiyRBe 56:ABGSS bRd b.
providing a decoupling queue to decouple at |east one of said pipe stages
f r om anot hederivath érogl bloghk per s prodashiling. Bleake 3gendRandsS0Aenr tugeticabpi ng read

and v-n~ite signals to suppart,con~espondi ng read and wite operations
Whin a s HOPECRras R R Tof RO R Sb bkt | She Sl otbl s u e uing «o
claim1, whesRkBuaisdrdeeRidR308, idHAKRoh Qeddll: UhHRhBES: (HAMLESEI 028 contr ol
logic unit; a timng generation unit; and a data storage unit. 3. The

met hod accofigiireg! . decschainaedio swikfoeitre comipdetianmimepegergerfat @@ nlnsinad, gener at es

i preiccs LR CL0 Wb el . . eeralt . at e
22 d o nol dnerioReEds PyciBRGh eicteed by ARREG DR FERE N S8 T el ror
t z~i gger i ngd&alflinepduOBes.atn QARerWdrbé Bpsalionsampsing! © 166 askpipycl e; and

ensures said wite and read signals remain active for a mninumduration to
conpl et e sajtasecdri P dpemblicng/comipfal tyneie o decaypbrgaqionsiOand satisfy a

clarmi s ner oi o8 EHE e ABENEF-HaPT ol ROV SEFRC Rt R T bR oper at f ong i &
i nt er changeghl-gbe (B rd¥BANAARAGE A iM@nlidh FhabBinkorp¥RtEiiNom& dpr i te and
read operations can be
stages without exceeding its scope. For example, decoupling queue 306 may be
inscrted between pipe stage D 102 and pipe stage A 104. Moreover, it should be
obvious to one of ordinary skill in the art to apply the present invention to many
more pipe stages than the four illustrated in Figurc 1, or to multiple pipelines
within a processor or to multiple processors within an illustrative computer
system in Figure 5 without departing from the scope of the present invention.
The mechanism of decoupling queue 306 in Figure 3 is further elaborated
in Figure 4. Specifically, decoupling queue 306 includes control logic unit 400,
timing generation unit 402 and data storage unit 404. In one embodiment of the
present invention, data storage unit 404 is a register filc.
Figure 4 and Figure 6 illustrate onc embodiment of control logic unit 400.
According to its external input 406 and its internal pointer calculations, control

logic unit 400 generates a control signal 410 to indicate the desired read and write

6



performed on a sane entry of said data storage unit. 6. The nethod 12 MAR 2003
accor di ng Y8 %¥17fm 4, wherein said control logic unit detePEIWVyfee2864d °
sequence of said wite and read operations; and instructs said timng
generation unit to generate said wite and read signals according to said
sequence. -11 1 2 MAR 2003 7. The nethod according to claim3, wherein
said timng generation unit generates a first signal, either said wite
signal or said read signal and a second signal, either said wite signal or
said read signal wherein said first signal is triggered by a rising edge of
a clock signal of said processor; and said second signal is triggered by a
falling edgaoés fos deepuplipg guaiegiPll Specifiqily, pentioddpaacewt dtheeeins b ai m 2,
wherein said sij cl . . sal: r ssor, is, small: and said data
st or age uni%“Hgggéﬁﬁﬁ%ﬁﬁ%%ﬁﬁ§%f4@$“Hgég*ﬁﬁﬁ@§3§¥“HBFL8%3#“%¥5§ id data

entries can stRE®id AWR) @RI iN kp8s0. As cdneolBiibagi agoedeiings te claim 2,
wherein said data storage unit is a registry file. 10. A processor

conpri si ng: logatinup glkfatsyorage yriipd4i wevnipinconfiag dgn 4¢2880 nod w padiral ity of

i nstructions, wherei ch of said.pluraljty.of. pipeline units has a
plurality o‘f“‘?ﬁ*ﬁféd%‘f‘%ﬁ?ﬁ“&ﬁ&“ﬁd%@@ﬁm‘?‘hg "T_\%‘L‘Réﬁ'& f‘gr‘“JGB‘Blﬁlﬁb‘I VHY at | east
one of sai dyphREaRt 2228 pbndP1ENALNEE caldhBlc@I1He.2B8hed decoupl ing queue

generates non-overl apping read and wite signals to support correspondi ng
read and vv~-it eBaopdoatthonguesi dafhbase ave poiglees ol the lkkaloy of @s oftcmal dpwr ocessor .

11. The pro sor cordin claim1l wherein said couplin
Further bomit caurotiogs o 80 Pesgiringhbend Bl ot e dBF Pifroptite " and a
data storage dfiibuc rkéeivilBendInNreaseU12GLQEMERY Whef iRl Wik hoitblahgi n said

timng generation unit generates said non-overlapping wite signal for
triggering wairchdvpoirter inpenata foll dniatshoragesiaiidd (s, ngiveercé actoalcippiietO6gener at es

sai d non-over| appi ng read signal for triggering said read operation w thin
sai d sanme sWH&ngéﬁgyK"ngwﬁngﬁBT%ﬁ@ﬁ?é@gggﬂagﬁﬁWFéoéhﬁ“?é'H”@P_nals
o Bl Slof T RANLALIE BSOS, algEerGRIpaT 1o e
r equi r enent writct@eration-later (referred to as RW) mode in step 604. Otherwise, WR mode

continues.

In a similar fashion, based on the write pointer and read pointer values,

control logic unit 400 verifics whether the read operations on outgoing data 414

have depleted data storage unit 404 in step 606. Depending on the outcome of

step 606 and the present state of control logic unit 400, cither RW mode changes

back to WR mode, or the state, RW mode or WR mode, remains unaltered.

g In conjunction with cxamples shown in Figures 8a, 8b and 8c and the

block diagram shown in Figure 4, Figure 7 further illustrates the discussed read

pointer and write pointer operations. In step 700, using data storage unit 404 with

five entries as shown in Figure 8a, the read pointer 800 (referred to as RP 800)

and the write pointer 802 (referre’d to as WP 802) initially point to the same first

entry, and control logic unit 400 begins with WR mode. As incoming data 412

enters data storage unit 404, WP 802 is incremented in step 702. Similarly, as

outgoing data 414 Jeaves data storage unit 404, RP 800 is also incremented in step

702. When either pointer reaches the end of data storage 404, or entry 5, the

pointer is wrapped around or begins from entry | again.

7



12 MAR 2003 13. The processor according to claim 10, wherein a seguen&gb@wZW3
' perfo[ning“gﬁpﬂ7VWite and read operations is interchangeabl RET/4P21§p4
processor according to claim 10, wherein said wite and read operations can
be perforn~ed on a sane entry of said data storage unit. 15. The processor
according to claim 13, wherein said control logic unit determ nes said
sequence of said wite and read operations; and instructs said timng
generation unit to generate said wite and read signals according to said
sequence. 16. The processor according to claim 12, wherein said timng
generation unit ggnerates a first signal, either said wite signal or said
read signal and &18&edhdesionsisiies anctpResblg asepanp pbercsR A0 hasrwraaped r ead

S anal wher el 0,930 L3l ANRlod 2 chELASAERL 0Nyl 3h08uALES, Bf, @, ol ock

signal of sa essor; anhd said’se a falling

edge of sai dubidced fongdaty | &75 anthitis WrHRE 2Q5und e BREy NainHAviehalMeddl, - wherein
said single clock cycle of said processor is snmall; and said data storage

unit has a dwahlsoadwineed bf thgaineileemannersall ngoméngoditiod 1 2sdicddylarigicent ri es can
store | arge .dat value§..1§ The processor, according to clai é; wher ei n
Sai d dat & SUBPAGE U Pt 04 bR REPRERRR SRR RO s Pur & VA

conpri sing: @ PEOSRERP 80215ditdb A% sameRhi lih 5¥p 964 R DRF 8% WRkLified OF
processing a plurality of instructions, whereih each of said plurality of

pi pel i ne unitd avrasrapppd woahd trystgf 7(H, PR sicdlgesntiramsl irestetduphiongrqueue f ox
decoupling at |east one of said _Lp? sta es.frP anot her, wherein said
decoupl i ng dﬂﬁﬂé‘ﬁéﬁ@PQ?Bgn%@Hgé ¢4 F%ﬁcf@hﬂn ﬂd“%*?Wé“#Pbﬁéﬁs to
support cor respondli g WrRedpaRth et Qe QRED 8bb AMRNMELL DR -R33iHIQNE C! ock cycl e
of said processor; and -13 1 2 MAR 2003 a bus elenent’ coupled to a

st orage devi&e ramdinsai chigydbcessor, wherein said storage device contains an
operating system
P g sy On the other hand, Figure 8c offers an alternative scenario where data
storage unit 404 is full. Analogous to the previous discussions, when RP 800 and
WP 802 point to the same entry in step 704, and WP 802 is verified to have
wrapped around in step 708, WR mode is changed to RW mode in step 712.
More particularly, read opcrations must occur prior to any subscquent write
operations, because data storage unit 404 cannot accept any additional incoming
data 412. As the read operation cxecutes, RP 800 is inctemented to entry 3 while
WP 802 remains at entry 2.

Although dctails in onec embodiment of the present invention are used to
describe a particular mode switching mechanism and a control logic unit 400’s
operations, it will be apparent to one of ordinary skill in the art to use other
methods to achieve the same goals without departing from the scope of the
invention. For example, the mode switching intelligence can be part of data
storage unit 404. Further, It should be contemplated that the logic steps
illustrated in Figures 6 and 7 can be arranged in different orders and yet still yield
the same results. For instance, step 606 and step 602 in Figure 6 or step 706 and
step 708 in Figure 7 may interchange with some minor modifications without

affecting the outcome.



12 MAR 2003

20. The conputer system according to claim19, wherein said processor
i ncl udes s¥PE4E¢dupl i ng queue which further conprises: a cRERESI2HYEi c
unit;a timng generation unit; and a data storage unit. 21. The conputer
system according to claim 20, wherein said decoupling queue includes said
timng generation unit W uch generates said non-overl apping wite signal
for t~~iggering said wite operation within said single clock cycle;
generates said non-overl apping read signal for triggering said read
operation witlun said sane single clock cycle; and ensures said wite and
read signals remain active for a m ninumduration to conplete said
correspondi ng w iAlerdauing sasrrippé the ingrstigndansens wiipugcenpeEgisdat | ogi c

stage's setup time requi nt. 22. The co . sygtem according to claim

21" Ouher oi n B e G TR R S oo BeFP R Fia Y BRRAE G i te and

read operat |®B§uibﬁ‘§@tﬁhﬁa@%@ﬂ&hﬂon @t 4020 €A &RFHE &Y conkst AR AQGOTRINNY to claim
19, wherein said wite and read operations can performon a sane entry of

sai d data stconagidogigiunit 499, timing gcoaplereunis 42 gancaetsoyadiregpanding ai m 22,

wher ei n sai d.decoupling queue jincludes said control |.0gic unit ich

det er ni nes sS4 %’e‘g*éfeﬂ%ég%’rm*éé{)ﬂ‘wvtd& ﬁiﬂ“?@&&“%‘bé?%f?%ﬁ%f“daﬁa}??nst ructs
said timng Genebal. i SecHaflly ohARDAI ST Forn@l O WHiche s 3R HRRIpDLanRsl S
according to said sequence.” 25. The conputer system according to claim 24,
wher ei n sai dlascdop iingg eipsuaggansh uaiessigamil d 181 Fomgrgdnef aintohsigndlt whi ch
-14 1 2 MA‘BR 20‘93‘ gselgw at gs a first skgnﬁl . either said 'wr!‘i‘e. silgnal or
said read si‘gRAMdigH s BOERPTCHIPAICIoCE P NS ristig (Lo 428 GF8BY sai d read
signal wherejp said first signal is triggered by a rising edge of a clock
signal of said processor; and said second signal is triggered by a falling
edge of said firsWibinghaitionZB0 of he ighnrpetesorsyetkaryc@cebediamgral eigodlai m 20,

wherein said si.ngle cl cycle of sajd processor is . small; and said self
ti med queue ﬁlﬁdl"gﬁﬁgsgg\%%a& RBPHY Pﬂﬁgt‘vr%?’&ﬁ“lﬁiéiﬁc%wﬁl‘F“Hﬁ er of

data_entries, 4o In2ak sEAWH Rk AreN By RN, MEwhR GRraidha val ues.
27. The conputer syst'emaccording to clai m20, wherein sar'd self timed
gueue i ncl udeggsead ty dattasighodd§ecomyilttesmarithg irsomingadpitasd Exinfd daga - 15
storage unit 404, After the completion of its write operation, data storage unit
404 1ssues a complete signal 422 to timing generation unit 402. At this point,
write signal 418's clock edge falls and triggers a subsequent non-overlapping read
signal 420. After some delay of 912 in duration, read signal 420 is transmitted to
data storage unit 404 to trigger its corresponding read operation. Similar to write
signal 418, read signal 420 remains active until the read opcration is completed.
Additionally, it also remains active for a duration of 906 in duration to satisfy any
minimum setup time requirement of a subsequent logic stage. As a result, the
subsequent logic stage can immediately make use of the remaining time, duration
908, to execute any needed operations.

Similar principles apply when control signal 410 indicates a RW mode,
instead of having a non-overlapping write signal 418 remain active for a duration
of 902, a non-overlapping read signal 420 stays active during that time. Non-

overlapping write signal 418 is triggered by read signal 420’s falling clock edge,

and it remains active for a duration of 904.
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further contemplated that many changes and modifications may bec made by one
of ordinary skill in the art without departing from the spirit and scope of the

present invention.
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each of said plurality of pipeline units has a plurality of pipe stages; and
b. providing a decoupling queue to decouple at least one of said pipe stages from another,
wherein said decoupling queue generates non-overlapping read and write signals to support

corresponding read and write operations within a single clock cycle of said processor.

2. The method according to claim 1, wherein said decouplig queue in (b) further comprises:
a control logic unit;
a timing generation unit; and

a data storage unit.

3. The method according to claim 2, wherein said timing generation unit generates said non-
overlapping write signal for triggering said write operation within said single clock cycle;
generates said non-overlapping read signal for triggering said read operation within said
same single clock cycle; and
ensures said write and read signals remain active for a minimum duration to complete
said corresponding write and read operations and satisfy a subsequent logic stage's setup time
requirement.
4. The method according to claim 1, wherein a sequence of performing said write and read

operations is interchangeable.

5. The method according to claim 1, wherein said write and read operations can be

performed on a same entry of said data storage unit.

6. The method according to claim 4, wherein said control logic unit determines said
sequence of said write and read operations; and

instructs said timing generation unit to generate said write and read signals according to
said sequence.

-11-
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said second signal is mggered by a falling edge of said fir

st signal.
8. The method according to claim 2, wherein said single clock cycle of said processor is
small; and

said data storage unit has a small number of data entries, but each of said data entries can

store large data values.
9. The method according to claim 2, wherein said data storage unit is a registry file.

10. A processor comprising:

a plurality of pipeline units for processing a plurality of instructions, wherein each of said
plurality of pipeline units has a plurality of pipe stages; and

a decoupling queue for decoupling at least one of said pipe stages from another, wherein
said decouplmg queue generates non-overlapping read and write signals to support corresponding

read and write operations within a single clock cycle of said processor.

11. The processor according to claim 10, wherein said decoupling queue further comprises:
a control logic unit;
a timing generation unit; and

a data storage unit.

12, The processor according to claim 11, wherein said timing generation unit generates said
non-overlapping write signal for triggering said write operation within said single clock cycle;
generates said non-overlapping read signal for triggering said read operation within said
same single clock cycle; and
ensures said write and read signals remain active for a minimum duration to complete
said corresponding write and read operations and satisfy a subsequent logic stage's setup time

requirement.
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15. The processor according to claim 13, wherein said control logic unit determines said

sequence of said write and read operations; and

instructs said timing generation unit to generate said write and read signals according to

said sequence.

16. The processor according to claim 12, wherein said timing generation unit generates a first

signal, either said write signal or said read signal and a second signal, either said write signal or

said read signal wherein

said first signal is triggered by a rising edge of a clock signal of said processor; and

said second signal is triggered by a falling edge of said first signal.

17. The processor according to claim 11, wherein said single clock cycle of said processor is

small; and

said data storage unit has a small number of data entries, but each of said data entries can

store large data values.

18. The processor according to claim 11, wherein said data storage unit is a register file.

19. A computer system comprising:

a processor including,

a plurality of pipeline units for processing a plurality of instructions, wherein each

of said plurality of pipeline units has a plurality of pipe stages; and

a decoupling queue for decoupling at least one of said pipe stages from another, wherein

said decoupling queue generates non-overlapping read and write signals to support corresponding

read and

write operations within a single clock cycle of said processor; and
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20. The computer system according to claim 19, wherein said processor includes said
decoupling queue which further comprises:
a control logic unit;
a timing generation unit; and

a data storage unit.

21. The computer system according to claim 20, wherein said decoupling queue includes said
timing generation unit which

generates said non-overlapping write signal for triggering said write operation within said
single clock cycle;

generates said non-overlapping read signal for triggering said read operation within said
same single clock cycle; and

ensures said write and read signals remain active for a minimum duration to complete
said corresponding write and read operations and satisfy a subsequent logic stage's setup time

requirement.

22. The computer system according to claim 21, wherein said decoupling queue can perform

a sequence of said write and read operations interchangeably.

23. The computer system according to claim 19, wherein said write and read operations can

perform on a same entry of said data storage unit.

24. The computer system according to claim 22, wherein said decoupling queue includes said
control logic unit which

determines said sequence of said write and read operations; and

instructs said timing generation unit to generate said write and read signals according to

said sequence.

25. The computer system according to claim 24, wherein said decoupling queue includes said

timing generation unit which
-14-
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26. The computer system according to claim 20, wherein
said single clock cycle of said processor is small; and
said self-timed queue includes said data storage unit which has a small number of data

entries, but each of said data entries can store large data values.

27. The computer system according to claim 20, wherein

said self-timed queue includes said data storage unit which is a register file.
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