METHOD AND APPARATUS FOR EXECUTI NG PROCESSOR

| NSTRUCTI ONS BASED ON A DYNAM CALLY ALTERABLE DELAY
WHBACKERBND Field of the Invention [0001] The PCEES27/076151

i nvention generally relates to m croprocessors, and

particularly relates to dynanilcal |y del ayi ng

i nstruction execution. Relevant Background [0002]

Moder n processi ng systens conventionally include a

mai n or central processor and one or nore

coMETHED AND ARRARAAUS FOR EXECUTINGIRRRAGESSOR INSTRUCTIONS
tasks to t hdBAIRD 64 AMIGAL L ALPERABLE DELAY

fl oati ng- poi nt, arlthrretlc ra hICS
si gnal - processing, strin§ Pg, encryption,
and/ or vector-processing tasks can be off-loaded to
n oprocessors. The conputational |oad
&ogced on the main processor is |ightened by
(badih§ %?Q%‘ég‘é!@'ﬂﬂanﬁeé‘ﬁ@'%e'@t% mlqrqamgcqs,qgrrsognq@artucularly
st epdg/erforrrance [0003] An instruction offloaded to
e3g¥rllyglayeg dsEetion s ¢eutionhat is, the main

rocessor has not yet finally resol ved whet her t he
Ea@w@&a&%n C ul d be executed when it is provided to
t he coprocessor for execution. This often occurs in
10082L o nt\gderp Prasesring $YSHRNS ernyRelPnaks inclide iagRain onkRiHrah
condi tional branch instruction is encountered, the
ProseELs 8hd PR AT PP GARTRASSPRIEH The MaiN Procesee” O‘Tf\'ﬁ@q%‘éﬁrtaﬂt%ks to
wWill junp to a different streamof code (i.e.,
E\eé}q)@fpcpgsq%k@%examplq flogingcraintogritmnetic, @WF%U%QWHF’HOCGSS'”Q’
the instruction after the branch (i.e., the branch i
PP IPEIGERTING, FRENVPHb 859/69F V%‘?"%Wﬁ?%é@é@?“ﬂ@éﬁ)e Oﬁ"oaded to
specul atively executes one or nore instructions
B EFEPATIBG CORPFESERE: Phedicatrytptipag!toad plased: erethp maie rocessor is

instruction is later resolved, it may be determn ned
ighdenadry q{%qqgﬂqwocessor—mtenswe 'tasks, thus i improving system performance.

[0003] An instruction offloaded to a coprocessor may be speculative, that is, the
main processor has not yet finally resolved whether the instruction should be executed
when it is provided to the coprocessor for execution. This often occurs in the context of
conditional branch instructions. When a conditional branch instruction is encountered,
the processor predicts which path it will take; whether it will jump to a different stream
of code (i.e., the branch is taken), or if execution will continue with the instruction after
the branch (i.e., the branch is not taken). The processor or coprocessor then
speculatively executes one or more instructions associated with the predicted path.
When the branch instruction is later resolved, it may be determined that the path was
incorrectly predicted, often referred to as a branch misprediction. When a branch
misprediction occurs, all instructions in the mispredicted path are discarded or flushed.
Power consumption may be adversely affected as any work performed on instructions

in the mispredicted path was unnecessary, yet could have been substantial.



incorrectly predicted, often referred to as a branch
m spredi ction. Wien a branch m sprediction occurs, all
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flushed. Power consunption ma§ be adversely affected
as any work performed on instfuctions in the
m spredi cted path was unnecessary, yet could have been
substantial.[0004] To reduce the adverse effects
associated with m spredicted branches, conventi onal
t98#b c e s S@ ragduep Erendaveigier aifeqtsrasgeciated ytth reispregicted branches,
execution delay. Instructions received by a
BAVPRIRNAHARATOISHPE RS ESe With @ixed msEueliontaxgautipal dglay-
corresponding to the fixed delay. As such, execution
etruelions (RaEIVEH Y ree’0BN QRItPNBY CaPFRCEE BRIt E 88 Gre’ities daigy
begin until the fixed delay |apses. Once the .
PRrERSPOREGRY & e dixemhdelay Ap su@hexequlien phigsirydiopgreceived by the
execution delay cannot be nodified w thout revising .
t:%oworgcmesmib?%aew theBraditelaydarsese Qncedhgprogessor's design
conventional coprocessor incurs the sane fixed del ay
i rorsnt thecdigalrertipp exerutipa delay gpaot Semagfias vdfhout exisingrihe
bei ng executed nor the environnent in which it is run.
fRRig efhusdeaghepelptctiop preciad Bhe £9yestionas gprrogessor incurs the
different instruction execution predictability. That
pame §yredalan wikout regerd;torthe Rartigylabeeiiase applichtiaobring executed
application types are al nost always correctl .
perdbe endepnMERE R, Whishiit isHus., Hepeven differeat ﬁ%*@?%&w@?ﬁ resultin
execution is fairly reliable because the |ikelihood of
giffareehingirdgiea greeution prediGtabillyi Jeatys. spreulpiygdnstructiens associated
exanpl e, the inverse transform function enPI oyed by a
Vitkiseme aeplifictien Bpps PreAlMen! 3lwayserigeyrregicieddakeand §us,
bl ock of every video frame. Conversely, execution of
shrss|Ating insBuctivaexaeutiopisfaiygelabit kerappe Hhedikpiood of branch
application types may be |less reliable, making the
Miseeddigiiepds wiatl¥dW-i on pi pel i ne flushing hi gher. For
exanpl e, the de-blocking and de-ringing filter .
098¢l i orfer exapRieci@e iy essa Fansirandoriion §masped &ta \deeo decoding
depend on the pixel values of a particular video
ﬁp@lﬁ@t’londﬁ gxequte biop paghugasraddock of every video frame. Conversely,

execution of speculative instructions associated with other application types may be
less reliable, making the likelihood of execution pipeline flushing higher. For example,
the de-blocking and de-ringing filter functions executed by a video decoding application
depend on the pixel values of a particular video frame, and are executed less
predictably. As a result, a fixed instruction execution delay may hamper processor
performance or power when executing speculative instructions associated with
applications that have different instruction execution predictabilities.

[0006] Instruction execution delay is conventionally fixed to one extreme that
enables full speculative instruction execution or to the other extreme that enables no
speculative instruction execution. In full speculative instruction execution mode,
coprocessors speculatively execute each instruction provided to them without delay

and before the instruction has been committed by the main processor. As such, the



predictably. As a result, a fixed instruction

execution delay nmay hanper processor perfornance or
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associated with applications that have different

i nstruction execution predictgbilities. [ 0006]

I nstruction execution delay is conventionally fixed to

one extrenme that enables full speculative instruction

execution or to the other extrene that enables no

Breddnstarctiorexerstiongelnyis asgertialy gero- IAKheygh thisgeeniqusiige

instruction execution node, coprocessors specul atively

bsaefigiaklog peTrrmasee. dictanmerp POWFICRIECIeNSY (e sheewalive instruction

del ay and before the instruction has been conmtted by

exeu Wé’é‘@ﬁﬂd'c’@@e s herexanpdg. ihigidy snestiativa ingiuctions may be

execution delay is essentially zero. Although this

espreflicied often. Hsctaugingla Fesr-delay £erpraesfrser tofteonaniyetxgcute code

power efficiency when specul ative instruction

BRAECEIAHY - H’é&’tﬁ?@ﬁ icipngy @qug[mdeeacp(ymeec)@gmy@lonﬁ pfficiated with a

specul ative instructions may be m spredicted often,

M¥fpsedicied ingfuctiopar Q)ﬂwedyfroﬁbﬁb‘ﬁ@é@%@ﬂ pirglipg. é&ﬂ)/\eq’{@r yoe"formance

execut e code unnecessarily. Power efficiency is

@@ha@@sﬁ dgdn the laek elrdsiiioasl sardurdateaey for eawiitpctions issued to

m spredi cted instruction are flushed fromthe

BR«OREcessIPi pel i ne. However, perfornmance is enhanced

due to the lack of additional st artup latency for new

(0097} uctCFQiW§rSie§/slﬁ‘é@”ﬁ?eﬁ?Wét“@o@@ééwf'glﬂr@m a coprocessor

Conversely, in non-specul ative execution

gefRrs inRirustipo A¥ecUtO B JreaBainrrreressae sCoHEIS the cpEasponding

execution until the main processor commts the .

tE‘éW‘é@Bo/h'mqwgh s tacheiaiois. beArsf'%J@m 2 RPyet lé‘?i'htrﬂfé[l?é/ foghighly

beneficial froma power point of view for high
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i nstructions which will subsequently be flushed, it

ﬁ%’ﬁﬁ@\d@‘t%’)@tf@ﬁ’i‘%ﬂtff@m’?&h%%/s%r@ pegoMagcRdRe {9 iinadditional startup

startup | at enc When branches are often predicted

@Eﬁ@éc@h?n begrg Q:?afi‘fe@éte\" et Fof m?d%l%ﬁdt%‘”tmefed continuously to

coprocessor, the long startup |latency is hidden and

tm@pg@ﬁwntggg@g, sgarﬂ@tlatency is hidden and thus performance is not

significantly degraded. On the other hand, the non-speculative approach greatly
increases the instruction's effective latency when, for example, the processor is waiting

for the results from the coprocessor.

SUMMARY OF THE DISCLOSURE
[0008] According to the methods and apparatus taught herein, instructions
executed in a processing system incur an instruction execution delay that is
dynamically alterable. While the delay can be altered to cause either fully-speculative
or non-speculative execution, it also can also cause partially-speculative execution
where instructions perform some speculative computation but stop execution at a
specified stage until the instruction is committed. Furthermore, the delay can be

configured to allow fully speculative execution after a set number of cycles in the hope



significantly degraded. On the other hand, the
non-specul ati ve approach greatly increases the

W0 p@Bo28s on' s ef fective |atency when, for exar@l/Es20011¢76151
processor is waiting for the results fromthe
coprocessor. SUMVARY OF THE DFfSCLOSURE [ 0008]
According to the nethods and apparatus taught herein,
i nstructions executed in a processing systemincur an
instruction execution delay that is dynamcally
et Bespreulatign Wik tpirally be sgpotved bydhelime thadinlguciian eready to
ei ther ful I.%/ specul ati ve or non-specul ative executi on,
Vpdaie 18 areftilegled stataddwapue. rifime exqasation delpy eondsobenabliesihe
where instructions perform sone specul ative
BORPRAIRG $Y6ieNbin acspul fanasigrs éfﬁﬁrmngd?%‘ﬁé'@i‘?f fhetlinyaghwhether or to
until the instruction is committed. Furthernore, the
weatgxiend inshactiapreguiicadielay iadpg@bdlaul |y specul ati ve
execution after a set nunber of cycles in the hopethat
0989 pecullasrdA ewhorim%ﬁ dhe dynapuc delgyisdeerpynadhy an ne
the instruction is ready to update the architected
apriicationdp beraxecuted Ry theePresessingi yptege| IR ypthes gmbgpiments, the
enabl es the processing systemto account for various
eynamye dglay mﬁatwb@@ byritalZRgAee gty REpredipusy enprated
extent instruction execution delay is desirable.
etediens.ninsysetherBoaPHeEents, thertynaiitsdalay igdetpymingd by assessing
determ ned by an application to be executed by the
Bﬁ%@%@l legowges availahblp (o a9bien @rplrditiarnRegardigss. d?‘h datpy may be
delay is determ ned by anal yzing the history of
gynapiieally |alferedan g %"Pﬂ%ﬂ%tmléwge insifustion, et 3ppyication basis.
enbodi nents, the dynamic delay is determ ned b o .
H’é’é@]ssi ng Pﬁ@%ﬂ?é@%‘ﬁﬁ@ﬁ“@@é&?%‘é@” g\paibeentolied by dgterayning a first

pplication. Regardl ess, the delay may be dynam cally

5‘?'%!’@69 &1 adirgieset Pfr@PrQEd?Qr@Hf‘StrHﬁ'l'QriSpﬂ”é g %@P@é?'?bﬁam@ifor a
application basis. [0010] Processor instruction
85G0pd sPbef angyPr Frore Bstreeionsd Eggeudien of FﬁerﬁeFﬁQOfa”E’fthﬁEQ”S is delayed
delay value for a first set of one or
basedrancthe 6%9%(}%(1'&9 seteyrvaluge I%@F'%‘l’ﬂ@rm'%t'% unit determines the

delay values and a processing unit executes the sets of instructions based on the
corresponding delay values. The delay determination unit may be included in a main
processor or a coprocessor. The processing unit may comprise one or more execution
units included in the main processor or a coprocessor.

[0011] Of course, the present invention is not limited to the above features and
advantages. Those skilled in the art will recognize additional features and advantages
upon reading the following detailed description, and upon viewing the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0012] Fig. 1 is a block diagram illustrating an embodiment of a processing

system having a delay determination unit.



second set of one or nore instructions. Execution of

the sets of instructions is delayed based on the
w@omsesnendi ng del ay val ue. A del ay det er m nat PORUS2INT/076151

determ nes the delay values and a processing unit

executes the sets of instructPons based on the

correspondi ng del ay val ues. The del ay determ nati on

unit may be included in a nmain processor or a

coprocessor. The processing unit may rise one or
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a coprocessor. [001 1] O course, the present

taggehitea dvgamistinstiudieraxacstiomdelanyalde f eat ur es and

advant ages. Those skilled in the art will recognize
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[9&812 Flgi:. 1is a block diagramillustrating an

8hi nentti$4 ia apedie By ﬂl@@r@yﬁ‘vétfﬁtwa\ﬁ”r@“@dd@?'ﬁ)ﬂf program logic

determ nation unit.[0013] Fig. 2 is a block diagram

for cortrqllgg; ﬁﬁ@ceéﬁore'ﬁﬁﬁtﬁ“ﬁ%ﬁl(e lomn instruction tagged

with a dynam c instruction execution delay val ue. .

[0948k] Fi dlio-3 ip g blodkidiratamilliigiabid 3N ePedMPRPT@rprocessing

enbodi nent of a register that stores dynamc

BYRRM inctuding @returrPesssaehaynd aferydeiesninali@oust Fig. 4

is alogic flowdiagramillustrating an enbodi nent of

(044t am | 96 is @rbl srfagsamiilhgirpingcaseaBbodimeni i rreeessing

execution. [0016] Fig. 5 is a block diagram

pysters hpwpg ﬁgie&w B¥na¥enunipmchidpd dﬂ:@ég‘g I6Rjed garrepgssor.

i ncl uding a main processor having a dela

A8} ni natfiidr igaidiock[digaray ilibsgating arserab%i/ ipert efiaarypegnsor

i1lustrating an enbodi nent of a processing system

hawinghg delay 8pteymietien withat i on unit included in a

dedi cat ed coprocessor.

DETAILED DESCRIPTION
[0019] Figure 1 illustrates an embodiment of a processing system 10 including a
main or central processor 12 and a coprocessor 14. The coprocessor 14 executes
instructions provided to it by the main processor 12 based on a dynamic instruction
execution delay. Thatis, the coprocessor delays instruction execution in accordance
with the dynamic delay. The capability to alter instruction execution delay after the
design phase has been completed enables the processing system 10 to account
dynamically for various conditions that impact instruction execution, based on adjusting
the dynamic delay accordingly.
[0020] In some embodiments, a delay determination unit 16 included in or
associated with the main processor 12, the coprocessor 14 or a different coprocessor
(not shown) the delay determination unit 16 accounts for the speculative nature of a
particular set of one or more instructions to be executed by the coprocessor 14. The

delay determination unit 16 accounts for the speculative nature of instructions by



[0018] Fig. 7 is a block diagramillustrating an
enbodi nent of a processor having a del ay determ nation

W@ 2008/02D88TAl LED DESCRI PTI ON [ 0019] Figure 1 ilPCBHUS2DEE76151
an enbodi nent of a processing system 10 i ncluding a
main or central processor 12 8nd a coprocessor 14. The
coprocessor 14 executes instructions provided to it by
the main processor 12 based on a dynam c instruction
execution delay. That is, the coprocessor del ays
alipging diee instiudive caesuian idalay cespdiring é"tWTH%CQHﬁ@?eéW adh accordingly.
del ay. The capability to alter instruction execution
gemgynsiueiqensthgy %m0®0rdﬁ%@eﬁé@t"{ﬂe@ﬁ” O81ept: éeedhey are more or
enabl es the processing system 10 to account .
l&’?ﬁ e qopmpi rallgwinp S ébmﬂaﬁe hearehigeted gipde in the main
i nstructi on execution, based on adjusting the dynam c
@I@PQ%FO&&% 6F BPRIBFSPSOT tfez‘t'i]e arghitestas dafBdtnlyaestasy skate|wisiple to the
determ nation unit 16 included in or associated with
PIRgraHNer Wr@g@gss@‘rthq_grocpw@r'g Jﬂg,,tr@@tgg}ss&,t. har gxamgple, the instruction
di fferent coprocessor (not shown) the del ay
eracaton featilt B1aY (aeistored iz eqaiipterdilg 6@ inclyded ﬁi‘e@uﬁsﬁf’?'ﬂt@d with the
nature of a particular set of one or nore instructions
ﬂ‘@'%@%@@é@uigdﬁ Bya fagisterdie 62 inskiged fyor aprecigiep ayjth coprocessor
determ nation unit 16 accounts for the specul ative
it OF UQT. epels inplieqtiop 95 selyaf insdurinpstaffoadad {q hetcopipcessor 14
execution delay associated with the coprocessor 14
By Hr Ag PyeCUS@'f*réePM%W?CQW Bk spesHldive matuse.of o exggple, highly
specul ative than others, i.e., thety are nore or |ess
pirace(ajive hstecHens maé(l“l‘%&?vlar%e‘itﬁre?ﬁepbb IRdaewhiledess speculative
architected state in the main processor 12 or
bsfivdions g InAr aeRseaiRAY-t ect ed state includes any
state visible to the programer by neans of the
[082ks sor ‘18 othgs emiedimentss de, datayr dedsratigation Ul”HéG accounts for the
i nstruction execution result may be stored in
PEgntsHf erocepsieg 1®0Prr$6$ au@t@blerm@ﬁ appictira e mqwtqdrm the
mai n processor or in aregister file 19 included
PIPcesSIngEStan @dTthlsh t'&fbﬁ‘?'@b detggpination unit 16 alters the dynamic

delay based on processing resources such as processing speed, memory bandwidth,
cache size, display capability, battery mode, battery life, power savings mode, and the
like. As such, the delay-determination unit 16 enables the processing system 10 to
trade-off between system performance and power consumption by altering the
execution delay associated with the coprocessor 14 accordingly. For example, if
battery life is a concern, the delay determination unit 16 may alter the delay of the
coprocessor 14 so that instructions are not executed until first committed by the main
processor 12, thus reducing power consumption.

[0022] Regardless of the condition that triggers adjustment of the instruction
execution delay, the delay may be dynamically altered on a per-instruction, multiple
instruction, or application basis. The ability to alter instruction execution delay does not

prevent instruction pipeline flushes; rather, it allows delay-based speculative-execution



14. As such, each instruction or set of instructions
of fl oaded to the coprocessor 14 may incur an execution
waeletoap228sed on their specul ative nature. For BPXEI§1087/076151
hi ghly specul ative instructions may incur a greater
execution delay while | ess spécul ative instructions
may incur a | esser delay. [0021] In other enbodi nents,
the delay determination unit 16 accounts for the
extent_of processing resources available to an .
apindl- daeibenetitdo e usee isudysamispawas apd peeesiange Hptaneifg and
10, That is, the delay determ nation unit 16 alters
epfinigstiearaf thedroessspeswatesh1Gr ocessi ng resources such
as processing speed, nenory bandw dth, cache size,
ngS] ay capawire fetail, thamakt hropeser 13 st qogyunieatively seweled to
savi ngs node, and the |ike. As such, the . . .
teludgs tetcopracaatarda- JAR tMais Peeassos d 2 infiudes godrsdiugien unit 20,
system 10 to trade-of f between system performance and
poseT MersrReRpianamith 2 aandihe repistaefile8c S'f‘ﬁ astryetiogunit 20
associated with the coprocessor 14 accordingly. For
prexiges eentralizeheqndio) of ingteuctign Bow imtheraecytior ugds gy and to the
determ nation unit 16 may alter the delay of the
edpPensedstt Tha executinatunitnd?. miveh maY inglude ppe oerwee togd/store
until first conmtted by the main processor 12, thus
HRIBUBP ) opahdioatincnRIPMNItS (MOt BhowD) ariaagr uaits @GPt $hewn)
condition that triggers adjustnent of the instructiaon
exasein ingrciensgispatpieddey By inpiyCliRD Wit Thel register filersd
on a per-instruction, multiple instruction, or
appriseaEnairay £ registammdhadistadetdpta betyper menpsy Mok sheyn) and the
execution del ay does not prevent instruction pipeline
mnggqﬁ@gynlts@fftf& r’naqntprgq:qs§%1Qd@}ga,);hggg,@wtlon units 22. Likewise, the
specul ati ve-executioncontrol. The benefit to the user
PRPregasani TrepisiRs fileatficqreaprisep faREaY I9hIegiRte h §hah sipge data between
optim zation of the Tpr ocessi ng s¥stem 10. [0023] In
msMendeashown) Rad kg iWnplifapabwyigrof e Gaprecsasriide 80 w&pgution
coupl ed to includes the coprocessor 14. The main .
Britscis sUie registen dledldeganplormigmpgeary ssulin peforepthe corresponding

instructions are committed by the main processor 12. In such an arrangement, the
register file 18 may implement register renaming which enables dynamic mapping of
physical register file entries to architected register names. As such, register entries
holding temporary results may be renamed when the instructions are committed.
Likewise, the coprocessor 14 may store temporary results generated by it until the
producing instructions are committed, at which time the register file 19 is updated.
[0024] The coprocessor 14 receives instructions offloaded by the instruction unit
20. In some embodiments, the coprocessor 14 is capable of executing coprocessor
functions only and cannot fetch instructions from memory (not shown), execute
program flow control instructions, perform input/output operations, manage memory,
and the like. As such, the main processor 12 fetches instructions for the coprocessor
14 and handles other operations aside from coprocessing functions. In other

embodiments, the coprocessor 14 functions more along the lines of a general-purpose



one or nore execution units 22, and the register file

18. The instruction unit 20 provides centralized
w@s2d280f i nstruction flow to the execution BEI/US2002076151

and to the coprocessor 14. The execution units 22,

whi ch may include one or noreSload/store units (not

shown), floating point units (not shown), and integer

units (not shown) execute instructions dispatched by

the instruction unit 20. The register file 18 .

BORPFSOS 8 miing AUt aymied rasge of addjtienahfunstiengeundge gontrol of the main

bet ween nenory (not shown) and the functional units of

P19EeSR®l A2pr ocessor 12, e.g., the execution units 22.

Li kew se, the coprocessor's register file 19 conprises
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(not shown) and the functional units of the . .
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file 18 may store tenporary results before the ,
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processor 12. In such an arrangenment, the register

meirectig aygye Phplayreside indhe srain Prosesser ig onpthehplagrfnduigde of the

dynam ¢ mappi ng of physical register file entries to

aereasaseer Hd The gPBIcepssoa A¥RCUtio Uit 2h may egmprias a phralitesf stages

hol di ng tenporary results may be renaned when the
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14 may_store tenmporary results generated by it until

stleedpriBenasdlass Pfrr}g@ pipetinasiatyeof pPfacegsorgxeqitiop yinit 26, each

time the register file 19 is updated. [0024] The .

bspvioadserecyiediydbe Garyoresser bﬁpﬁﬂﬁ*so”ot ¢ [dyRgTeig dslpystased in a

instruction unit 20. In some enbodi nents, the

tesisiesc¥s Sorthen epeh najHumior op el tsliLriRySCBpHidRaiedls coprocessor

functions only and cannot fetch _instructions from .

e oSy O¢ AlGH V‘Q%‘d\ﬁﬁﬁ?!"’e%@lﬂgéjq{ﬁyonghéﬁﬁngp@W'@b?ﬂqqﬁs the register 30

i nstructions, perforn1inPut/oquut operati ons, manage
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fetches instructions for the coprocessor 14 and .

iatdttion (s naleret Bl cxesuied AR MrsUlty drinismaRceealsdivily instructions

functions. In other . .
moving through the instruction queue 24 and the various execution stages 28 are

accessible for subsequent use. In one embodiment, each set of one or more
instructions processed by the coprocessor 14 is tagged with its assigned delay as
shown in Figure 2. As such, instructions moving through the coprocessor instruction
gueue 24 and execution unit 26 comprise a first field 32 containing the decoded
instruction, a second field 34 containing the delay value assigned to the instruction, a
third field 36 containing optional tags, and a fourth field 38 containing one or more
optional flag bits.

[0026] The dynamic instruction execution delay value may be expressed in
various forms. These various forms fo dynamic instruction execution delay value may
be utilized separately or in combination. In one embodiment, the dynamic instruction
execution delay corresponds to a speculative instruction execution flag 40 in the

register 30, as illustrated in Figure 3. Instructions are executed speculatively without



enbodi nents, the coprocessor 14 functions nore al ong
the lines of a general -purposeprocessor, carrying out
w@2008/02228%1 r ange of additional functions underPCDKE$2007/076151
of the main processor 12. [0025] Regardl ess,
instructions offloaded to thegcopr ocessor 14 may be
buffered in an instruction queue 24 for subsequent
di spatch to a coprocessor execution unit 26 or may be
provided directly to the coprocessor execution unit
dgjay when Ewpansedatier inglryotigh pxeaution flagidQis S8t negnothesi de
in the main processor 12 or other places outside of .
eRECEBISNb Hesdhirmiainstiy@ion gye@Lies delay ereesrangds taan nsection
may conprise a plurality of stages 28 for executing
persmit flag A istheaegister dd@asdustrateyi s Figurad.c ¥den th ingtiv@ion
and writeback stages. Regardl ess of the Ei pel i ned
pmmitdag 2 ineetdppifusdien swrcuder isudalayed itk the gorrespeRding
instruction is executed by the coprocessor 14 based on
heEUGHPR Amsemmiied py dhema Rracesspely d€etheamainmiptasser, 12 has
each instruction or set of instructions provided to
finadly dgtermined dieat thetinplsuclion sbewd ba expeuied-t s
correspondi ng delay. This association enables the
10087kt er doyeiansthed gRRefEant.yihe dytasye Misireelioni axgeifion delay
| osing the delay val ue(s) assi gned to instruct i.@?ﬁssg .
pRITespends iQla Rrogseseueste cont field é4.in the ragipiey 30.28dbistraieddn
with instructions noving through the instruction queue
Piguegndl Yvhen (aa s lidld é4 iR loadedswilfyayalps, inpleucien exequijpris
for subsequent use. |In one enbodi nent, each set of one
gelaygst entil A SpMBEt PiHaCcesPeIcs$8 §OBGSRANEINGdp Hsceygbiield 44 have
is tagged with its assigned delay as shown in Fi g{ure
passgq.- 3@%@ syffigientuiimsn 8F PROGEIRET E¥iRsUYe iapsed, instruction
coprocessor instruction queue 24 and execution unit 26
peipplioshen Mayrkagin, pesuning thad e gther Agnditfrnsee belding off its
instruction, a second field 34 containing the del ay
exacytion s8isgihamother erodimenty hh@tqyaﬁmlcan$tmcg@ exqouiorsgelay
contai ning optional tags, and a fourth field 38
EYFRSRPRAISG 2obieelve Sﬁﬁﬂeé"edfb‘ff@ Briae redigier 3. g illustrated in Figure 3.

The pipeline stage field 46 indicates a number of coprocessor 14 execution pipeline
stages 28 through which instruction execution is processed. Instruction execution
stalls at the indicated stage until the main processor 12 commits the corresponding
instruction. Instruction execution resumes with the remaining stages 28 after the main
processor 12 commits the instruction. For example, the value stored in the pipeline
stage field 46 may indicate the stage just prior to a writeback stage of the coprocessor
execution unit 26, e.g., stage n as shown in Figure 1. Instructions are executed without
delay until they reach the writeback stage. As such, the results do not update the
architected state until the instruction is committed by the main processor 12, thus
allowing temporary results to be flushed in the event the instruction is not committed.
[0028] Returning to Figure 1, the delay determination unit 16 determines the
dynamic instruction execution delay to be associated with individual instructions or

groups of instructions, as illustrated by Step 100 of Figure 4. The delay determination



[0026] The dynami c instruction execution delay val ue
may be expressed in various forns. These various forns

WO 200892288 ¢ | nstruction execution del ay val ue PElUR®07/076151
utilized separately or in conmbination. In one
enbodi ment, the dynamic instri®&tion execution del ay
corresponds to a specul ative instruction execution
flag 40 in the register 30, as illustrated in Figure
3. Instructions are executed specul atively
Wit Hocerarlsey fiRwaretans/as haedyaie svitableior perdraigig the dynamic delay.
execution flag 40 is set. In another enbodi nent, the
H9W9Yﬁrcgeﬁﬁrs’¥q<ﬂ #he detavevalieaisiaryides) taﬁh%@ﬁﬂf@@ﬁémﬂﬁ veerghe value
instruction commt flag 42 in the register 30, as
ﬁq?tPUf%'ﬂ?%th@cPXPﬁUtIDl”gi@r‘aé/ incuriagdy ingiaichions Rraeasses by giagaprocessor
flag 42 is set, instruction execution is delayed until
ﬂﬁ@sdﬂ}ﬁtré%&yoﬁtﬁ@m%@fF'G@fteldon is cormitted by the main
E@gcessor i.e., the main processor 12 has finally

8} ni nedn spiae enhedinats. dea deiay defetnibating wiidGdatermines the

[0027] In yet another enbodi nent, the dynam c
Aynamig nsire¢iioaexeeutiop ety baged on l*fl@s?ﬁﬂ'i@%t'oﬂdo he grxecuded by the
cycle count field 44 in the register 30, as
Plocessinagysten h0-Fil brire the ammlisatiariadigaig ther arareprigte execution
| oaded with a value, instruction execution is delayed
gielay.|or hengparerrialy d@ab@@s%fiet@y@ne@ by @Fioéﬁkﬁcﬁm’i“%'oﬂo In one
the count field 44 have passed. After a sufficient
ATIRBEMEat s artisaiion dejriminesHas yranip deldy brsrd enikeiRsecessing
execution then may begi n, assum ng that no other
tesAdices ayailabledo s %ﬂﬂﬂ@at@Pf €9t Preoessing pered. memary pandwidth,
anot her enbodi ment, the dynam c instruction execution
@I@hﬁyﬁ'z@ofj'ﬁé@béﬁ@@”t’% battfarypmdenéa%@ra@t@ PPEeRAYHIP Madgeand the
register 30, as illustrated in Figure 3. The pipeline
lfeage fiel d 46 indicates a nunber of coprocessor 14
execution pipeline stages 28 through which instruction
E00&8Lt i on I §”‘£ﬁh%@§§%ﬂmemtn§leraﬁ’@f'¢%'ﬁ” @ﬁ@é’@t”ﬁéﬁhes@maﬂﬁc delay
at the indicated stage until the main processor

basadi ansthe H@tré@trqne@ﬁ@%mrf’@layﬁ@@W%@thedﬁlerat% Py U@tqp@hcatlon For

execution resumes with the remai ning stages 28 after
XNl s9me applications can tolerate a high instruction execution delay without

adversely impacting system performance, e.g., applications that perform high-cycle
count batch processing where the results are consumed significantly after the
calculations are performed. Conversely, other applications cannot tolerate a high
instruction execution delay, e.g., applications that have short instruction sets or that
need results immediately.

[0031] System performance may be optimized by tailoring instruction execution
delay to individual applications. Each application executed by the processing system
10 may adjust instruction execution delay accordingly, e.g., on a per-instruction,
multiple instruction, or application basis. An application may determine the dynamic
delay during compile time, e.g., using a Java™ just-in-time compiler, during application
load time or during application execute time, also referred to as run time. Regardless,

the delay determination unit 16 provides an instruction to the main processor 12 that



processor 12 commts the instruction. For exanple, the
value stored in the pipeline stage field 46 may

WO paBoO24288 t he stage just prior to a witeback BCHYS2001/076151
the coprocessor execution unit 26, e.g., stage n as
shown in Figure 1. Instructiohs are executed without
delay until they reach the witeback stage. As such,
the results do not update the architected state until
the instruction is commtted by the main processor 12,
F‘Hl@gteélth%dﬁ%@dt'@ﬁfﬁévm @(enclé’éﬁﬂ delay. dnpesronge e@einstiuption, the
event the instruction is not commtted. [0028]
REtNRTAFeR§OE §2 may directly, write éregdinainicidglay valveita b coprogesper
determ nes the dynam c instruction execution delay to
trgisteysic iAdeenativiely.Hhe mavP@gessor hd pasresitemeshuctign dups
of instructions, as illustrated by Step 100 of Figure
qoPrqeRsSee] Aavh%rétﬂé? penTacasspiLHt decpdes Biephstaision angrrgdates the
and/ or_hardware suitable for generating the dynamc
epsisisy . S0raomerddlygener at ed, the delay value is provided
to the coprocessor 14 V\,here the val ue determ nes the
0082Lit i on lyethey emhedimests: Bye detrst daierminsion pint d € sletadmisies the
t he coprocessor 14, as illustrated b){1 Step 102 of
Ftyr‘gﬁmlgln@trug@ozag]acthngg}?g bagpd an RECh IS[tCH’é da@q égy one embodiment,
determ nation unit 16 determ nes the dy
thestelaystesminaties ynit A nerintaips Bdakla 58 r@fbf?@cﬁb&qr}é dataong. data
to be executed by the processing system 10. That is,
thﬁé'”5&91%@&@0%@@‘?1@!%%?@!‘}&”éﬁ}?r%ﬂﬁqdﬁﬁ@"te%é&ﬁﬂcb@'s’fory data
del ay, or the appropriate delay can be determ ned Y
ERIrgSePNdshie thp peauancy ehexachtigheipelifsdlyshesat!n thaigontext, the delay

application determ nes the dynam c del ay based on the

ﬁ‘?@ﬁ@@%‘i‘qwmte@dtﬁ%éﬁ%fvﬁmﬁ Hlﬂ @Preces 1épfblsh%9a'ﬁ"l5‘t5lﬁpt'0”3 from its
( g processi ng speed, nenory bandw dth, cache size,
e ﬁéﬁt@? aEapa Bt Pr ?&PCU%& it 56 ﬁ%@ssoglgquéhgsq Qqcé”eW'th the
savi ngs node, and the |iKke. ‘4[500301@ I n anot her .
EPFERSPAR ARG '”Strh@'oﬁﬁb@tlcé%@do‘?ﬁ dtueh ia preyrt Hieis dgtgantpddes an
del ay based on the instruction execution delay that
wdiga aplodront g@cb@tl\(%@ermqnpug%tlpaﬁ aregglhe more speculative an

instruction, the greater the delay that may be assigned to the instruction and vice-
versa.

[0033] In another embodiment, the branch history data corresponds to data
maintained by a branch processing unit (not shown) included in the main processor 12,
e.g., data maintained in a branch history table (not shown). When an instruction or set
of instructions are offloaded to the coprocessor 14, the delay determination unit 16
accesses the history table 50 to determine whether the instruction(s) are more or less
likely to be committed by the main processor 12. The more speculative the
instruction(s), the greater the delay assigned to the instruction(s). The converse holds
true for less speculative instructions.

[0034] In yet other embodiments, the delay determination unit 16 employs a
hybrid approach for determining the dynamic instruction execution delay. According to

the hybrid approach, an application to be executed by the processing system 10 uses



exanpl e, some applications can tolerate a high
i nstruction execution delay w thout adversely

WO pgpan2a2e]) system performance, e.g., applicati®RCBUsNa1/076151
perform hi gh-cycl e count batch processing where the
results are consunmed significkhtly after the
cal cul ations are perforned. Conversely, other
appl i cations cannot tolerate a high instruction
execution del a ., applications that have short _
th@éﬁﬁt%’tqaéﬁﬁmgd%”%# byt tﬁatde%éé’@tqf @iglier upikhe i datenyne dynamic
[0031] System perfor mance may be optim zed b
flelpy M@'P‘#‘g Thesiss J&@MC%b@émb%ﬁh@BﬁW table %%ﬂe@ﬁfm'”e the
appl i cations. Each application executed by the
praseesdelgy ke astianediaihedastivstionseansivtingiheapplicatipen The
del ay accordingly, e.g., on a per-instruction,
h!hrldl qug)qchﬂlqa\mgprogfﬁm%to apep$s luateriem dtadp gleteagine the instruction

plication may determine the dynam c delay during .
gwpq)rédqlaypebeséswted fgglpﬁlgldaal ({Qtlﬁ-)]SJ ki may-qoeweduring compile
conpi l er, during application load tine or during
tppi Ipedtmeroreuediee time, also referred to as run
time. Regardl ess, the delay determ nation unit 16
90351 des dresnestivaeftiovrine dypanaicsiglay ipdeieaniaed, thedelay
t hati ndi cates the desired instruction execution del ay.
feferaigpiinnsanitt 1B mawebe imstudad in e Maimeragasser P 66 srlipng
may directly wite the dynam c delay value to the
BEpoyelEs Sigure @ glusiraies goe empedimeat ‘i’f\ié‘? procesgingygystem 10 where the
processor 12 passes the instruction to the coprocessor

iﬂamﬁ%tleﬁmﬂﬁ@rb‘é’btr&'éweﬂn ferssaeiatedrydth the fnstreetioprinit 20 of
and updates the register 30 accordingly. [0032] In
tererin erseasardrt S\n ipgieiciien jchietiidhdierigves Mstingtiong fom an
determ nes the dynam c instruction execution delay =
@ﬁ@%'oaﬁamea%\@hsfmwfﬁaﬁoa%% them, aAng [pada MisotRcreed 'nSEyrﬁcélonS into
del ay determination unit 16 maintains a table 50 of .
A mghctmnﬂusw 6afa,insirugtion ¢igpaich wait 64 digpaiahassausras éstructions
E{ edi ction accuracy. |In one enbodi nent, the branch

tge apgroaa@ta exeeuties poieid2-t & Brarchy '?réa‘%@ﬁ‘tgyu it (BED SGtdednsts

B peline flushes. In that context, the delay
ranch instructions and, depending upon the type of branch detécted, executes various

branch prediction mechanisms, e.g., by predicting branch target addresses and/or
whether a particular branch is to be taken. The BPU maintains a Branch History Table
(BHT) 68 that tracks the taken/not-taken history of recently executed branch
instructions.

[0036] The delay determination unit 16 may access the BHT 68 to determine
dynamic delay values assigned to instructions having a history tracked by the BHT 68.
In one embodiment, the delay determination unit 16 supplements its history table 50
with that of the BHT 68. The delay determination unit 16 uses information stored in the
BHT 68 to determine dynamic instruction execution delay values, e.g., by determining
delay values based on the strength or weakness of previously taken /not taken branch
histories. The resulting dynamic delay values are provided to the coprocessor 14 for

delaying execution of offloaded instructions as previously described.



determ nation unit 16 tracks each tinme the coprocessor

14 flushes instructions fromits instruction queue 24
W@ro0g0z288 i on unit 26 and associ ates these occRECT/ERHET076151

with the corresponding instruction that caused each

flush to occur. This data proﬁ des an indication as to

how specul ative certain instructions are. The nore

specul ative an instruction, the greater the delay that

be assigned to the instruction and viceversa.

t 8B] | n Adwotateely.diiggainiuntratasipaeamindinetof Beypracassing

corresEonds to data maintai ned bg a branch processin

sixsitem (1 mheﬁﬁwﬁelawﬂﬁt%@@hpﬁ Upfh 40 iFainplupe bipeseaprocessor 70

e.g., data maintained in a branch history table (not

Qﬁgvﬁi?d toriernaming HEWWQMSHHCW eeulion delaysrieicanedtigneie ether

of fl oaded to the coprocessor 14, the del ay

eRresassAat i d(piitie meindreesssesl3 hB‘WtQ?WrQQ%SF@S 46 apg the

determ ne whether the instruction(s) are nore or |ess

MaikeRroces§ont? eanineludria Kgoistaedtier Alopre €wwsye delay infernation

nore specul ative the instruction( the greater the
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hol ds true for |ess specul ative instructions. qLOQB%’]
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16 enpl oys a hybrid approach for determning t
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hybri d approach, an application to be executed by the

W%@%PW&) @?%ﬁéﬁ%@@e@y@%’f‘ﬁé’elﬁym U gy rsited fﬂr gaeh of the

the delay determination unit 16 to determ ne

G%ﬁbﬁ%ﬁ%o%ﬁ%f? T¢anddbe mpigprogessot he Epiiedicatedeonspesassesr 70 may

the history table 50 to determi ne the execution delay

ﬂ@eﬁ@”ﬁéﬁnﬁjﬁ'éd’et% veles imagcerdance wéh @ay ot the@maaginegids previously

application. The hybrid approach all ows prograns to

diselesed hareinop-De &Y apaPRliqador & by axacstedHy tﬁﬁg)chggqmg)wstem 10,

execution del ays best suited for individual .

By pNalArg Bedistamntios piexipusly execued iNBHUEORPPT Y 83SPESINg igpystem

time, or run tinme. [0035] Irrespective of how the

Wﬁﬁrﬁﬁéa%hﬁkﬁ P @ AANEAIRIFRI@N- t he del ay

[0038] While the various dynamic delay determination embodiments previously
disclosed herein have been described in large part with respect to coprocessors, they
are equally applicable to the execution units 22 included in the main processor 12.
That is, one or more of the main processor execution units 22 may use dynamic delay
values determined by the delay determination unit 16 to control internal instruction
execution timing. In that context, Figure 7 illustrates one embodiment of the main
processor 12 including the delay determination unit 16 for controlling the instruction
execution delay associated with one or more of the execution units 22 of the main
processor 12.

[0039] The execution units 22 may comprise a plurality of stages 82 for
executing instructions, e.g., decode, register access, execute and writeback stages.
Instructions to be executed internally by the main processor 12 may be buffered in an

instruction queue 80 for subsequent execution or may be provided directly to a first one



determination unit 16 may be included in the main
processor 12 as nentioned previously. Figure 5

WO R008s22288 es one enbodi nent of the processi ng BYEUSI00AQ76151

where the delay determ nation unit 16 is included in

or associated with the instrution unit 20 of the nain

processor 12. An instruction fetch unit 60 retrieves

instructions froman instruction cache (not shown),

decodes them and | oads the decoded instructions into

airihe gxequlien stageg GéuBegardieap of W@tﬂ*@ﬁ’:’ﬂ?@)ﬁ”@ﬂ%ﬁl&'ﬁﬁ%@i qf the

64 di spatches queued instructions to the appropriate
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detects branch instructions and, dependi ng upon the

fsipesioredip #neer Areagisders 8ed ateagbleaiynamis akerien of the

predi ction nmechani snms, e.g., by predicting branch
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to be taken. The BPU maintains a Branch History Tabl e

exsqyiiorsenitstz is pperaieded wih tt%R‘érfﬁSrﬁ)Qﬂd'ﬂ@Hélﬁy-hi°\§t56¢fy thyf registers 30

recently executed branch instructions. [0036] The

ey &¢ deaBicaihEPragrRmet witbowdgsing heselaynalusspsgignepto

det erm ne dynam c del ay val ues assigned to
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I n one enbodi nent, the delay determ nation unit

aenopdanee Mty any of Hiesq%k?%ﬂ'fﬂ%ﬁ ergypuglytdisciasad hgrein. h’é'SBI-WTe delay

68. The delay determ nation unit 16 uses information

detereigatian yrvie! ogpay égefr@i”@iétdﬁ%ﬂé’yﬂ%@rﬁe@yfﬁ%‘?&chqXP@lﬁ'O” unit

execution del ay val ues, by determ ni ng del ay

Vaingligled instbg nesin prasessar éﬁg‘gHS 6?3%8W§§t'%¥e>ﬁ§ﬁ'étlﬂ”dlﬁ@ﬂg control
taken /not taken branch histories. The resulting

a@aaﬁWQX%%W@@uv@bm@% are provided to the coprocessor

14 for del aying execution of offloaded instructions as
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illustrates one enbodi ment of the Broce55|ng system 10

RiePEcyling dpiavRased e mamicHy algradlesielay Vah@ u'@lé@m?n a

coprocessor 70 dedicated to determ ni ng dy

eReedimenisoMecyaamia dryde dgipsmingd by e 9@9“‘??6'9@ tQ)'P‘h@*eCUted by the

processing system 10. Application-based execution delay adjustment can be done at
compile-time, load-time, or run-time. In other embodiments, the dynamic delay is
determined by analyzing the history of previously executed instructions. In yet other
embodiments, the dynamic delay is determined by assessing the processing resources
available to a given application. Regardless, dynamic instruction execution delays may
be determined by a main processor 12 or a coprocessor 14. The dynamic delays may
be zero-delay, cycle based, or stage and event based. Stage and event based delays
result in instructions being held in a specified stage, including the instruction queue,
until a specified event occurs (e.g., commit is received). The delay may be dynamically
altered on a per-instruction, multiple instruction, or application basis.

[0041] With the above range of variations and applications in mind, it should be

understood that the present invention is not limited by the foregoing description, nor is



coprocessors 14 and/or the main processor 12. The
ot her coprocessors 14 and the main processor 12 each
WO poB228% regi ster 30 for storing dynam c del BgT/US2007/076151
i nformati on generated by the dedi cated coprocessor 70.
The dedi cated coprocessor 70 Ynitors overall system
operation to determ ne which dynam c del ays are best
suited for each of the other coprocessors 14 and the
mai n processor 12. As such, the dedi cated coprocessor
it imiteq by Beercepmeariithdawings| lagtead! the Srasenyjneenfios i linaiged only
for each of the other coprocessors 14 and the main
by Bedsiayring daimsranddbelr legekepubEinétcessor 70 may
determ ne dynanmi c delay values in accordance with any
of the enbodi ments previously disclosed herein, e.g.,
by an application to be executed by the processing
system 10, by anal yzing the history of previously
executed instructions or by assessing the system
resources available to a given application. [0038]
Wil e the various dynam c del ay determ nation
enbodi ments previously disclosed herein have been
described in large part with respect to coprocessors,
they are equally applicable to the execution units 22
included in the main processor 12. That is, one or
nore of the main processor execution units 22 may use
dynam c del ay val ues determ ned by the del ay
determ nation unit 16 to control internal instruction
execution timng. In that context, Figure 7
illustrates one enbodi nent of the main processor 12
including the delay determ nation unit 16 for
controlling the instruction execution delay associ at ed
with one or nore of the execution units 22 of the main
processor 12. [0039] The execution units 22 nay
conprise a plurality of stages 82 for executing
instructions, e.g., decode, register access, execute
and writeback stages.



Instructions to be executed internally by the main

processor 12 may be buffered in an instruction queue
W@Q00B02228%1bsequent execution or may be provi deRCT/US2007/076151

directly to a first oneof the execution stages 82.

Regar dl ess of the pipelined atfd gueui ng nature of the

execution units 22, instruction execution is based on

the dynami c instruction execution delay stored in one

or nore registers 30. To enable dynami c alteration of

the instruction execution deAMS each set of one or

nmore instructions provided to the execution units 22

Whahissiingdéd with its correspondi ng del ay. As such,

the registers 30 may be dynam cal |y reprogrammed

Wi t hofitmetbed pigcanfellipginalfuction x8cuios; eamertistng: pr evi ous

instructions not yet executed. Dynam c del ay val ues

may bdetgenigingiarfset defpyaciusrianadst fpttal opagr Brore Rstructions;

enbodi ments previously disclosed herein. Al so, the .

del aydelayieg arematienal haifirst set ¢hepe gemererinaiiuciions ppegdsrt the first

dynam c del ay for each execution unit 18 included in

the mai n pf®@¥ssor 12, thus enabling instruction

execution timng control on a per-execution unit .

basi sdetpUOUROP amecPrG delay yatEe faisrsegend Rl ereeumers inpiryctions;

processi ng éisten110 i ncur a pre-execution delay based

on a dynanf®@al |y alterable delay value. In sone

enbodi nents, the dynam c delay is determ ned by an

appl i eglayipg exesugen ekiee seerndset ehenegpraeesdnsigicignsthased on the

10. Application-based execution delay adjustnent can

be done at Sk@RBideEYtime, |oad-time, or run-time. In

ot her enbodi nents, the dynamic delay is determ ned by

anal yzing the history of previously executed

instructions. In yet other enbodi nents, the dynam c

del ay The mg&rodraticlaEn Thikrtagseasyirisyoassogipiodadivifyal ones of the

resources available to a given application.

fRiguralresyith herereereniitg eet of o @xeetindnCHNSays may

be determ ned by a main processor 12 or a coprocessor

14. The dynam c del ays may be zero-del ay, cycle based,

or stage and event based. Stage and event based del ays
3. The method of claim 2, wherein associating individual ones of the delay values

with the corresponding set of one or more instructions comprises tagging each set of

one or more instructions with the corresponding delay value.

4. The method of claim 1, wherein the delay values are determined during at least

one of code compile time, code load time, and code run time.

5. The method of claim 1, wherein the delay values are determined based on an

application associated with the corresponding set of instructions.

6. The method of claim 5, wherein the delay values are determined based on

processor resources available to the corresponding application.



result in instructions being held in a specified

stage, including the instruction queue, until a
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del ay may be dynamically altered on a per-instruction,

mul tiple instruction, or appITEaIion basis. [0041]

Wth the above range of variations and applications in

mnd, it should be understood that the present

invention is not limted by the foregoing description,

hor i $he methadiad glaly 1t whergtclbapalay ivalyes eegmaigisnined based on

I nstead, the present invention is limted only by the
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What is clainmed is: 1. A nmethod of controlling

i nstruction execution, conprising: determining a first

del ay_value for a first set of one or nore .

Bnst r liee Meiwd adelaiy itnyhereincdateranning thertelqy vadyesompsipes:

one or nore instructions based on the first del ay;

det er FrRIt3INa adiiei @ aeeaativainsEustion exegdidnandet of

one or nore instructions; and del ayi ng execution of .

t he seelgmpinggthedelayralges based anike pigtary ehapegdlative ipsiruction

t he second delay; 2. The nmethod of claim1, further

conpri si ng®%eesbet-at i ng i ndi vi dual ones of the del ay

values with the correspondi ng set of one or nore

instructions. 3. The nethod of claim2, wherein

assocj ating individual ones of the delay values with .
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conprises taggi ng each set of one or nore instructions
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claim1, wherein the delay values are determ ned

during at |east one of code conpile tinme, code |oad

time, _and code run tine.
10. The method of claim 1, wherein the delay values indicate at least one of full-

speculative instruction execution, non-speculative instruction execution, full-speculative
instruction execution after a number of instruction processing delay cycles, and

partially-speculative instruction execution.

11. The method of claim 10, wherein partially-speculative instruction execution
comprises halting execution of each instruction at a specified stage until the

corresponding instruction is committed.

12. The method of claim 1, wherein determining the delay values comprises:
processing individual ones of the sets of one or more instructions to ascertain
the corresponding delay value; and

directing storage of the delay values.

13. The method of claim 12, wherein delaying execution of individual ones of the

sets of one or more instructions based on the corresponding delay value comprises:



5. The nethod of claim1l, wherein the delay val ues are

determ ned based on an application associated with the
w@osesnendi ng set of instructions. 6. The netPOOUS$007/076151

claimb5, wherein the delay val ues are determ ned based

on processor resources availalfle to the corresponding

application.7. The nethod of claim1, wherein the

del ay val ues are determ ned based on processor

resources available to a corresponding application. 8.
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val ues conprises: mmintaining a history of speculative
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val ues based on the history of specul ative |nstruct|on

execut i on. basedTRdheseriespoping Irefriayes! dejfeyadie; and

mai ntai ning a history of speculative instruction
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pi peline flushes. 10. The nethod of claim1l, wherein

the delay values indicate at |east one of

ful | specul ative instruction execution, non-specul ative
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execution. 11. The nethod of claim 10, wherein

avsociatad Withserecer raereas thensats oldpstBistiendecut i on conpri ses

hal ti ng execution of each instruction at a specified

stage until the corresponding instruction is

commtted. 12. The nethod of claim1, wherein

det er M Medadied clgem ¢ f\vah%@mﬂs'ﬁbl@ul@égtquhe@éfef%tﬁﬁgd state with

i ndi vi dual ones of the sets of one or nore .

fasylts arsorigingl with aideast oag Af hASEEA Pa. PbAYIhigstegtigys that are

val ue; and directing storage of the delay val ues.
committed.

16. The method of claim 14, further comprising clearing the results associated with

uncommitted instructions in response to an execution pipeline flush condition.

17. The method of claim 16, wherein the execution pipeline flush condition
corresponds to at least one of a branch misprediction error, an exception, a trap, an

interrupt, and a fault.

18. A processing apparatus, comprising:

a delay determination unit configured to determine a first delay value for a first
set of one or more instructions and a second delay value for a second
set of one or more instructions; and

a processing unit configured to delay execution of the first set of one or more
instructions based on the first delay and delay execution of the second

set of one or more instructions based on the second delay.



13. The nmethod of claim 12, wherein del ayi ng execution
of individual ones of the sets of one or nore

WO p@B02288 ons based on the correspondi ng del ayP@HUS®07/076151
conprises:retrieving the delay values fromthe
regi ster; delaying execution i ndi vi dual ones of the
sets of one or nore instructions based on the
corresponding retrieved delay value; and directing
storage of results of executing the sets of
instructions. 14. The nethod of claim 13, wherein
directing storage of results of executing the sets of
1Prst r llee Proressitharnasaiys peeipay H: whpraln Biei npigegssingluny is further
fromuncomm tted instructions associ ated with one or
aRnfiguied tp pesasiate ingiviquat enascafitimdelay valugmwitthiberregesponding set
claim 14, further conprising updating the architected
gt eteecOrNe'R INsEYalians. associ ated with at | east one of the
sets of one or nore instructions that are comm tted.
16. The nmethod of claim 14, further conprising
clearing the results associated with uncommtted .
£hst r (iRe PoRessing arpeRINS ef dlaimal. asheeait therPrpegseingriait is configured
flush condition. 17. The nmethod of claim 16, wherein
toressasiaiedrdiyaugliopes phige delayyaligaith itimoarsmspergipnart of gne or
at | east one of a branch m sprediction error, an
BRERPBireiong by fageingagch geledfanpor marelingtrecfions withghe A
processi ng apparatus, conprising: a delay
errtesPAYiag felay ¥alle- configured to determine a first
delay value for a first set of one or nore
instructions and a second delay value for a second set
of one or nore instructions; and a processing unit o
2bnf i §ie eEwcessinibrrpRraiNe el igh! & whergin therdglaysdgtergtinasior unit is
or nore instructions based on the first delay and
g@]figyreg)g@gg{eirray:pedlpe delay ¥ademeuring at least one of code compile time,

code load time, and code run time.

22. The processing apparatus of claim 18, wherein the delay determination unit is
configured to determine the delay values based on an application associated with the

corresponding set of one or more instructions.

23. The processing apparatus of claim 22, wherein the delay determination unit is
configured to determine the delay values based on processor resources available to

the corresponding application.

24. The processing apparatus of claim 18, wherein the delay determination unit is
configured to determine the delay values based on processor resources available to a

corresponding application.



set of one or nore instructions based on the second
del ay. 19. The processi ng apparatus of claim 18,
wob@BMO2228% he processing unit is further confi geeBUS1007/076151
associ ate individual ones of the delay values with the
correspondi ng set of one or Mt e instructions. 20. The
processi ng apparatus of claim 19, wherein the
processing unit is configured to associ ate individual
ones of the delay values with the corresponding set of
e of herpiogessing arreratem of Byim Ky giheeeie edat deggrmipatiopunit is
nore instructions with the correspondi ng del ay val ue.
configuredo getseringithr)delpy ¥alueity @ﬁ'%'@ﬂ@rﬁ%ﬁtow%ﬁ@@wlqt'ﬁ%
delay determination unit is configured to determ ne
eEUGien greqion @8d dgtermipina the daley valwes eesesheethe digieny of
time, code load tinme, and code run tinme. 22. The
pReseadive mgtragivarcxeeidiopf cl ai m 18, wherein the del ay
determination unit is configured to determ ne the
del ay val ues based on an application associated with
t he correspondi ng set of one or nore instructions. 23.
3he plbrERSEIRNGPRRA YS! @aimcdmivheps therielay ¢etemrunation unit is
del ay determination unit is configured to determ ne
eerigHERddg madntaies Melew/Pf SRepr@ve dnsducliansgeriEan by tracking
avai |l abl e to the correspondi ng application. 24. The
peEe8essRf exppyicamipseling éshgsm 18, wherein the del ay
determination unit is configured to determ ne the
del ay val ues based on processor resources available to
a correspondi ng application.25. The processin o
Appar APBrogEsSHNGARAAHYS aheaial 19, M@rQﬂ%FW%ﬁé’t\@%ﬁsnM'ﬁiﬁ at
unit is configured to determ ne the del ay val ues by
leaptang dlifigspecHipBredpgirntion guequtian i nae-snestlativer ingriction
execution and determ ning the delay val ues based on
BXROUHPTS i speslalyreipginedtio) €xewsiop @it dRUBRRIQ insyction

processing delay cycles, and partially-speculative instruction execution.

28. The processing apparatus of claim 27, wherein partially-speculative instruction
execution comprises halting execution of each instruction at a specified stage until the

corresponding instruction is committed.

29. The processing apparatus of claim 18, wherein the delay determination unit is
configured to determine the delay values by processing individual ones of the sets of
one or more instructions to ascertain the corresponding delay value and directing

storage of the values in a register.

30. The processing apparatus of claim 29, wherein the processing unit is configured
to delay execution of individual ones of the sets of one or more instructions based on
the corresponding delay value by retrieving the delay values from the register, delaying

execution of individual ones of the sets of one or more instructions based on the



26. The processing apparatus of claim25, wherein the
delay determ nation unit is configured to maintain a
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tracki ng occurrences of execution pipeline flushes.
27. The processing apparatus 9f claim 18, wherein the
del ay values indicate at | east one of full-speculative
i nstruction execution, non-specul ative instruction
execution, full-speculative instruction execution
edrraspording rteevedidelaysaiugcandatreptinecetersion §f epsulis ofgxereing the
and partially-specul ative instruction execution. 28.
$H§0EP§E@§@Pﬁg apparatus of claim27, wherein
partial |l y-specul ati ve instructi on execution conprises
hal ti ng execution of each instruction at a specified
stage_until the corresponding instruction is o .
e¢bmi Thearocossingrerpaprtee esdaiRySh yherait the Rspcess@omnitds configured
wherein the delay determnation unit is configured to
U’e‘i“@ﬁhﬁitﬁ'@gﬁi@ér%@?{%gﬁ RELEY thg spis &f BSEUeligns R ite/nrRiarly storing
ones of the sets of one or nore instructions to
epsulty efaingommitiedoin slegensinsrgcaiadayithena @ merg afitheesats oy
storage of the values in a register. 30. The
IeBY@e8s-ng apparatus of claim?29, wherein the
processing unit is configured to delay execution of
i ndi vi dual ones of the sets of one or nore
i nstructions based on the correspondi ng del ay val ue by
P2t ri &0¢ REpoeRINGRIRARYEPLEIINT $ o hermin thegiregassing unit is further
del ayi ng execution of individual ones of the sets of
@‘Pﬂiflgé'fedﬁ% redatadhe erehifesird Yalsaythdhe rers presindrtvityat least one
retrieved delay value and directing storage of results
gtthesele Phg of Meresiastaucipns st argconvmged-3 1. The
processi ng apparatus of claim 30, wherein the
processing unit is configured to direct storage of
results of executing the sets of instructions by
f@npol B¢ Progessing anRgretes of daimod 1, wheetidherrsgeessing unit is further
i nstructions associated with one or nore of the sets
ggnfigured to clear the results associated with uncommitted instructions in response to

an execution pipeline flush condition.

34. The processing apparatus of claim 33, wherein the execution pipeline flush
condition corresponds to at least one of a branch misprediction error, an exception, a

trap, an interrupt, and a fault.

35. A method of imposing instruction execution delay in a coprocessor, comprising:
delaying execution of incoming instructions according to a delay value received
from an associated processor; and
changing an amount of delay imposed on subsequent incoming instructions
responsive to receiving a new delay value from the associated

processor.



instructions. 32. The processing apparatus of claim3
1, wherein the processing unit is further configured

wo eoogpekase t he architected state with the resuPCBUS2007/076151
associated with at | east one of the sets of one or
nore instructions that are cothitted. 33. The
processi ng apparatus of claim3 1, wherein the
processing unit is further configured to clear the
results associated with uncommtted instructions in
B@s poAsempytes Rragkae Rrodyst for pligringdngtiugien exasdiien dmay Bp
The processi ng apparatus of claim33, wherein the
BROSEIROT- GNP ne fl ush condition corresponds to at
| east one of a branch mi sprediction error, an
excepPiogram gode fgp detgrnipinger firsistelayayaiiedor afirst set3x ongor more
met hod of jnPosjng instruction execution delay in a
copr ocessolinstréciiops pBY AGecend egjaynplescier asperndotet of one or more
i ncom ng instructions according to a delay val ue
recei ved finsteionabasnd on e Yrioeespplicatigniexaeaingi byghan
anount of delay inposed on subsequent incom ng
i nstruct i oORYCEOFANEi ve to receiving a new del ay val ue
fromthe associ ated processor.36. A conputer program
pr oduBtograsn cede for pigyidingsthe delel yaluek &xiheipsrredddray in a
processor, conprising: program code for determning a
first delay value for a first set of one or nore
i nstructions and a second delay value for a second set
of one or nore instructions based on one or nore
applications executed by the processor; and program
code for providing the delay values to the processor.



