- instruction executio

BACKGROUND OF THE INVENTION

EXCEPTI ON HANDLI N R JHAT PERFORMS SPECULATI VE OUT- OF- ORDER
| NSTRUCTI ON EXECUH-S\—BA S BESTHE | NVENTI ON 1. FI ELD OF THE
| NVENTI ON: 5 The present invention pertains to the field of conputer
systens. Mrre particularly, this invention relates to coordinating
except i onghandl i “Q‘h@ﬂ:@sﬂ{tqaemn Ebﬂbir@%ftﬁé TFel@ RE QUIALtYe sy sbeths.OMereder

ion. 2. BACK ND: 10 Typical prior conputer
processors i fargeEailyj thioiskntionsielates twnoardénating exqEppiin hasdlingin a- or der
processor usually fetches an instruction streamfroma nenory, and executes
each i nstructproeessor thed penformscapiesnladiye Qahofrrderingdrucion VEGHEAR] al
program order. Such in-order instruction 15 execution ensures that data
dependenci es anong the instructions are strictly observed. A processor nay
per form out - f-omwti on execution to increase instruction
execution perfor - ‘a processor executes ready 20 instructions in
t he inst rlldcti on stream ahead of earlier instructions in the program order
that are not ready. A ready instruction is typically an instruction having
fully assenbl ed sqypgal $afor cafspaeApredebsoreimplément tresadarciestrudion
Such out-of -order éxecutfion inproves processor perfornmance because the
i nstruction exemtidropipelines.i Ae inFordes procssesisusualhetetehas an instrughipne

stream from a memory, and executes each instruction in the instruction

stream according to a sequential program order. Such in-order instruction

15 execution ensures that data dependencies among the instructions are strictly

observed.

A processor may perform out-of-order instruction execution to increase

instruction execution performance. Such a processor executes ready
20 instructions in the instruction stream ahead of earlier instructions in the
program order that are not ready. A ready instruction is typically an

instruction having fully assembled source data and available execution

resources.

25 Such out-of-order execution improves processor performance because
the instruction execution pipeline of the processor does not stall while

awaiting source data or execution resources for a non ready instruction. For
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awai ting sour gendlag xRirnaX@eidr) Tefchssperaton.f Such anoinstraatiyn iawditing then.
For -2- exanple; an instruction in the instruction streammay require
source data fresultsoptiecedenral mgnetycfetchrleescnot stakk the exeasion okigtest er i s
| oaded by a pending external nenory fetch operatiqgn. Such an instruction
awai ti ng tthe inetruttiensoin thednsiruetiemptreamdhyt aretrepdydeexgettest al | t he

- execution of later 5 I nstructions in the instruction streamthat are
ready to execute. A processor may al so perform specul ative instruction

ti t i i t ti ti f or S
Cypi cal Ly det erm HoBracssrrciry itpPeaehePenag it d iiridion axebBghaf by
predicting t t'ﬁﬂct]e?se Irfs c{ioﬂfexpélﬂfw'péﬂéltrﬁ?’rcﬁ‘trte'.s %alﬁ%xriggﬁceés&r ﬁ{;ﬁ?ag r fetches

an instruction streamfroma nenory, pre resu each

branch i nst r ugdb@iinestd $peOith Dbl @seditionpatl thrshghi & Prbiign biyeprledsdtingCthieon
stream according to the predicted branch result. Such speculative execution

- i ncr easesir oeesls of bpatdhoinsanckome ciudea Pphecdssert fetdtes am instroletipn paleame does
not stall during the 15 resolution of branch instructions. A processor
t hat per f or mefromtshmepwry) pradiets arnkrasch resuliofogeach psandeinstmctigacand on

generates specul ative result data i,n ap out-of-order sequence in relation
Lo the ori g reantipey fetuaBc Sxeutingdlie ntECHonStERpm GEcorsing 1 e

because the i Nabi et bakn Ak C8USE P&V BRchlioh Mficredsdd! prolddsdr a1

performance because the instruction fetch pipeline does not stall during the

15 resolution of branch instructions.

A processor that performs both speculative and out-of-order
instruction execution generates speculative result data in an out-of-order
sequence in relation to the original program order. The result data is out-of-

20 order because the instructions that cause generation of the result data are
executed out-of-order. The result data is speculative until the branch
prediction or predictions that caused speculative execution of the instructions

is resolved.

25 Such a speculative out-of-order processor requires a mechanism for
coordinating exceptions that occur during the speculative out-of-order

execution of the instructions. The exceptions include, for example, software



during a memory access. An example of a trap is a data breakpoint trap. In
executed out-of-order. The result data is speculative until the branch
predi ction or agadipmisugha spesulatiyeuy-offrder Rroseasax@ust reprdinate the
instructions s _resolyved. 25 Sucr]_ha specul ati ve out - of - order
processor reqﬁ’iapgg'aaoil@% FRRRYSF VLSS P YT haY f'ﬁﬁ”&?@%pti ons that occur
during thegspecul ative out-of-order execution of the instructions. The
.exceptions include, for exanple, software -3- traps and software faults.
An exanpl e of a sofAt yRicaldiaiel duticf-crdeApeodesddrideledts BGcHR eRBIPHOAs BERTFS. AN
exanple of a trap is a data breakpoint trap. In addition, such a
specul ati ve ootdefinaretiiorptoottessdginaliptograny dideatbecaise thenigistrgciddns.
asynchronous events such as interrupts. A specul ative out-of-order '
processor det Ee4sing the excepdions gre exgruted oubpfrerdern Neverthelass, &he he ori gi nal

program order because, t he i n][s

#qr uctj ons causi A t]F exceptions are executed
out - of I Ior der . P_F\Wém’é‘lge‘?g_,de éfSHF‘I&drParﬁﬁ‘?sﬁB‘_' B&HQ ¥ BAWIFEPTRCDP sor
ot ber . nobovErceBTioRs BT shluchliol bro@ABF BldA MoPed BF SRR ProenibliE, e

order. NMNbieov

caused by inshigielt §all§ﬁFFdﬁiﬁi‘?s Q&@pﬁ?n@? gréarﬂjﬂfzﬁhﬁgtigﬁ.@%té%ed@e to

consequence, such spe ative out-of-o processor requires a rrecﬁani sm

for processi ngigpre@RtédBfartAd &S X REAseYUette, QuehlaSspeeiikitiveslit-ofidrieeXi st i ng
programi ng nodel s for the processor. -

processor requires a mechanism for processing exceptions and asynchronous

events consistent with existing programming models for the processor.



-4- SUMVARY AND ECTS,OF THE | NVENT] ON One obj ect of the preseng
invention is to Sgémiqm% of kbe preseatupviegtign ig EBPchﬁétei ’E‘eaPrSF%i?HEEsB@ t hat

Pecat | on. " AnBYRBHOBS b & Brr Bt Uit reReE s penblAbivel tuSh et potdlihdaht ! e
processi NGy of ?@%pﬁp&dé}qqxgﬁufe_ﬁ&q&%é&i&_processor that perfornms specul ative
out -of -orde

- branch predi ction an r irnstruction execution. 10 Anot her object
of the present invention is to coordinate the processing of exceptions and
asynchronous events by | ogging the exceptions with the corresponding result
data during i nstr uAhotiterobjetiiof she praseby investiongds ftorcobhéina ke dpt prawessing
asynchronous events at the point at which the result data is 15 committed
to an archit eef asyaichsenaus. eventyint & proesissarcthap perfpemsrspeeulativabsanshon is to
coordi nate the processing of excepf{ions and asynchronous events in a
processor t haPregéstan aRd Quefrordey, thshusHeR &3eedtieR on and out - of - or der
instructiﬁp 20 execution wherein each instruction is decoded into one or
nore m cro-ops that are executed according to the availability of execution

resources in the pLAGARS Ybject of the present invention is to coordinate the processing
of exceptions and asynchronou§ events by logging the exceptions with the
corresponding result data during instruction execution and by testing for the
exceptions and asynchronous events at the point at which the result data is

15 committed to an architectural state.

A further object of the present invention is to coordinate the
processing of exceptions and asynchronous events in a processor that
performs speculative branch prediction and out-of-order instruction

20 execution wherein each instruction is decoded into one or more micro-ops
that are executed according to the availability of execution resources in the

processor.

These and other objects of the invention are provided by a method for
25 coordinating exceptions in a processor. The processor fetches an instruction
stream according to a sequential program order, wherein the instruction

stream comprises a series of instructions. The processor generates a result



mstruction according to avaliabliliy Of €XeCutloll 1esOUites U e protesst.

These and ot her, objects qf, t | 1 ¥ ﬁ]g@g for 25
coordi nati ng%é@ﬁhﬂ%ﬁ%ﬂ ?ﬁtaa‘b]%ngégégler%gﬁ%%%edgggé}p é’? clres gﬁﬁénbﬁ

i nstruction %%ﬁ&%@@&fé?—:ﬁ:ﬁbﬂg to a sequential program order, wherein the
instruction stream conpfises a series of instructions. The processor
generatessga result -5- data val ue and an exception data value for each
- instruction by executing each instruction according to availability of
executi on resour c&heiprotémopramesiothe rEadh deta ¥pluies do @ar archifeqhural séatef i es

whet her the corresponding instruction causes an ex_ﬁgqpti on. 5fTh]e1 rocessor
commits the oéshe preressonialthe seqeendipl pregnamefdsral 1he RiQrestordfic B?ﬁ‘&essor

inth i al, der. T f , i dl
o procecs t RueRieBATRAIS o piicess 18 SEGRTALE G REQHEip A1) FREERA PRl

excepti on datg aLiepdh dAIE Vald® dtfifie 40k SRR RIS s Ra Allue 10

woul d have been coﬁf@tted to e architectural state of the processor. The

" processongf etehag veHHRnCRmM it ARY tihdrohitetutal et te e rthle protessqu. oTkss an
asynchronous event if the asynchronous event is detected. O her objects,

f eat ures and padussorafpechesfart dEprppeis tnasynoheamiadusrevient hahdler3o papgrssa@nt from

t he acconpanyi ng drawi ngs, and fromthe detail ed descrici)ti on that follows
bel ow. asynchronous event if the asynchronous event is detected.

Other objects, features and advantages of the present invention will be
15 apparent from the accompanying drawings, and from the detailed description

that follows below.



- 6- BRI EF DESCRI PTLON OF THE AW 1 r ' ' | 8.1 lustrated
by way of exanpl e%oprﬁﬁml WQ@?? %Sﬁlu-rggg heéﬁ ﬁg\{}tryeép%’%%ﬂﬁ%naz{{cdzgé) anyi ng
drawi ngs in | s b : hinehi ey ¥ is WeRRAt and in

whi ch: Fi gur%ﬁgﬁlﬁljgjﬂg‘% é‘gﬁgéféﬁpn%?asz@%ggﬁrﬁc%ﬁ#g?r?g a prolgceessor, and a
menory sulgsysbienced indicate sinfil{tUélements| hhdtinayRizht he processor for one

- enbodi nent which conprises a front end pipeline, an instruction issue
section, and an out-of-order execution pipeline; Figure 3 illustrates the
front end pipeline for one enbodiment which 15 caonprises a bus interface
(1/F) circuit, anFigurerLidhistnateszceempiutes systemacimprisiag apraressorcandait, an
I nstruction decode ciycuit, and a branch predict circuit; Figure 4

i1l ustrates tHEMPREFYRRNSIYR i ssue section for one enbodi ment which
conprises an instruction decode circuit, a mcroinstruction sequencer, 20

a register alias circuit, and an allocator circuit; Figure 5 illustrates
the out-qgp-order eiaedtd QshiaR& tHREreEssONfor BHOEMBBAImMUNY Whi GO pASSs @
reorder buffer, a real register fil'e, a retire control circuit, a dispatch

circuit, andadfosixand pipyline, aauhstrudion issue section, and an out-of-order

execution pipeline;

Figure 3 illustrates the front end pipeline for one embodiment which
15 comprises a bus interface (I/F) circuit, an instruction cache circuit, a program

_counter circuit, an instruction decode circuit, and a branch predict circuit;

Figure 4 illustrates the instruction issue section for one embodiment
which comprises an instruction decode circuit, a microinstruction sequencer,

20 a register alias circuit, and an allocator circuit;

Figure 5 illustrates the out-of-order execution pipeline for one
embodiment which comprises a reorder buffer, a real register file, a retire
control circuit, a dispatch circuit, and an execution circuit;

25
Figure 6 illustrates the reorder buffer for one embodiment which

implements a reorder buffer kROB) register file comprising a set of ROB



execution of corresponding pnysical micro-ops;

Figure 6 illustrates the reorder buffer for one enbodi ment which inplenents
a reorder buffer (ROB) register file conprising a set of ROB -7- entries

that buffer SPecurliry9 NIESHhies 4R felf FbisRRer 0 Tof BRe lbdinif iy ecut | on

of correspondi ng pfitysi cal m cro-ops; ure ustrates the real register
file for ®neiRphatnt®disetbf 6bmmittbdRtREREESteds HElt Ifld COMMIIttQIresURt ®ata
registers that hold commtted result data values; Figure 8 illustrates the
di spat ch ci realuesf or one enbodi ment, and shows a di spatch table conprising
a set of reservation station entries RSO through 10 RSy; Figure 9
illustrates execution units in the execution circuit that execute menory

| oad and nenory store m. ¢ro-ops for, one enbodi ment; 15 . Fi gure 10
illustrates a netH8Hre ér‘ﬁﬁﬁfﬁtﬁ? H@ﬁﬁ’ﬁﬁa@ké‘é‘ﬁf‘f%‘%‘g qne q’ﬂ@‘ﬁ‘l‘%&%’b‘? sg‘%‘f"sone

embodi ment.. dis'pgfch[)t%gﬁ‘al Ifo%)pqusgi%(g:@ Et §Neservation station entries RS0 through

10 RSy;

Figure 9 illustrates execution units in the execution circuit that execute

memory load and memory store micro-ops for one embodiment;

15 Figure 10 illustrates a method for coordinating exceptions in the

processor for one embodiment.



Figure 1 illustrat Eiguteaoilistrates ycimputbd system tmnPhé eo resstheh ¢ONpri ses
a processor 12 and a nenory subsystem 16. The processor 12 and 5 t he
menory subsystemptiessprocassart 12 avka raemosyt subsystem 1§hdhpppoesssar121and
fetches a stream of instructions fromthe nmenory subsystem 16 over the host
bus 14 t hrdughhe memeryHubsystent 16 sammpypicale Qves adhost busildeut es the stream
"of instructions and maintains data storage in the 10 nenory subsystem 16.
Figure 2 illustrates the processor 12 for one enbodi ment. The processor 12

comprises a front $hd ROASLANE: Eihestlstdth [HIhLORHGRUEORERE REMBLY. AN
Br

an out-of -order executi on pipeline ront end pipeline

fetches instryghdvanem 28 dvet B ROstbRUR thfoudletHcoédrhe TRRGHI 231 ITHR
prediction for the instructions, and transfers an in-order stream of

i nstructions 1D ekértésther stedanoof irsstriectisas ahdmaitRaing elata stoasgeld2theThe front
end pipeline 200 senses external interrupts on the host bus 14 20 and

" transf er s1@or mespuydiubgystameté.upt vectors for the external interrupts over
an interrupt vector bus 96. The front end pipeline 200 communi cates with

t he out-of-order execution pipeline 220 over a nmenory access bus 74 during

ti f L | . t ti 25 . F
mbodi mont .t he | rIBREE 2GRSt L PR SR 2Ph e SRP IS BT n3R000 compri se
Intel Archi te?idé@?so%%ré&% 13 30frohféld gFﬁelli?x@ 00} 98 ihét-Glti o %Eﬁé §&chidhe

M croprocessor Instructio operate on set of architectura
210, and an out-of-order execution pipeline 220.

15
The front end pipeline 200 fetches instructions over the host bus 14,
performs speculative branch prediction for the instructions, and transfers an
in-order stream of instructions to the instruction issue section 210 over a bus
142. The front end pipeline 200 senses external interrupts on the host bus 14
20 and transfers corresponding interrupt vectors for the external interrupts over
an interrupt vector bus 96. The front end pipeline 200 communicates with
the out-of-order execution pipeline 220 over a memory access bus 74 during

execution of memory load and store operations.

25 For one embodiment, the instructions fetched by the front end pipeline
200 comprise Intel Architecture Microprocessor instructions. The Intel

Architecture Microprocessor instructions operate on a set of architectural
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-9- registers, including an EAX register, an EBX regi ster, an ECX register,
and an EDX register, etc., as well as floating-point registers. The
i nstruction issue Sheingructipn issusertioniHO repeivesidhe in-pedan sreag of

i nstructions pver the bus 142, a enerates an i.n-order stre of . physi cal
i or o operat i BREucHBre pHas thebyeT D, HEN Hegellen iy L oaerttesam S ery TcEl

I nstruction i | . i .cro-ops for
st ructl on | RANG, SRARLN HhRRAS, AaRea s s00HTRIE BUHLGR. Fhe 0;0p

I nStruction I §3ueicHBA LSRR s%éﬁoﬂqm@gaaaatés%é&ﬂf&ewa&ﬁl fAtro%sd r OPS by
decoding the instructions into |ogical mcro-ops and by renam ng the

| ogi cal regi séash isstiucksn detdhele Sionmahé omsnafy dubsybtegi &6/ ni cro-ops. The
instruction issue section 210 tracks the avail able resources in the

out - of -order execution pipeline 220, and assigns the avail able resources to
t he physical 15 m cr o-ops. The instrug@bon I ssue .section 210 transfers

[ ps,

the in-ordr streahh®MSHRFHPRAPSUR 8FUOR Seaerates thesinsenderiptysicahmicre- 5.
The physical m cyo-ops,.are,m.cr.o eratians. that. perfor he functign of
t he correspon@hyy F%E?‘MS?‘PSh’.’stﬁ‘hcg’%ﬁ'm}s‘?g@smﬁr 8}16'%6%%5 §€%§Vf’f“ﬁ?’1”?31 ic 20
and | ogi cal ' QaA38H SHtRE S r -'QQ’?t e menory
subsystem 16%251%#%52?‘%%*&% (a:f;i‘%_dgp n%y i ncltuggogi?ﬁlﬁ%-r Sf 38?‘4; er source
operands and fseriucion 13¥edisatiford e aaels theavdikbies tbuf@yifi@he Qut-bhdrder
physi cal m cro-ops specify physical registers contained in the out-of-order
pi pel i ne 220 execution pipeline 220, and assigns the available resources to the physical

15 micro-ops. The instruction issue section 210 transfers the in-order stream of

physical micro-ops over a physical micro-op bus 52.

The physical micro-ops are micro operations that perform the function
of the corresponding instruction. The physical micro-ops specify arithmetic
20  and logical operations as well as load and store operations to the memory
subsystem 16. Each physical micro-op may include 0, 1, or 2 register source
operands and 0 or 1 immediate operands. The register sources of the physical
micro-ops specify physical registers contained in the out-of-order pipeline 220
that buffer speculative data and committed state registers in the out-of-order

25  pipeline 220 that contain the committed architectural state of the processor 12.
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that buffer spBesd@bryexdiid aiag {6l brli ©16-SpsPd RoF BiRligXohe avBil4BIRty of

out - of - or der pi peline 220 t'hdat contain the commtted architectural
state of the mppiseesorceldata and edddutiomirescamtesof - or der executi on pi pel i ne
220 receives the in-order physical mcro-ops over the physical mcro-op bus
~52. The ot -of-order execution pipeline 220 executes the physical m cro-ops
according to the availability of register_ sourc ta and execution
resources. 5 The Jutre-@it: r@'@éfé%é%tqrbﬂlpﬁllﬁ%lz?gz"géesﬁ‘ﬁﬁFE@%ﬂ%tH@ result

ot < of or der GYbANE Bh PMaHE FOR B LR Ph SRR R T e (e

specul ative Iealdelrdal Bdcdh O;ggg%é 850 Hitfibs meag;geycuﬁ&mezaﬁ%a% dganas the

correspondi ng physic are 1ssued e front end pipeline

200 and chechscHicherst efté G sheatarhd atddri dsthe tberes pondingOpihesicat xeietd-o1)
pi pel i ne 220 signal s exceptions by transferring exception vectors to the

i NSt ruct il6n iaseiseusd byitha fAAd endepipaline2@and checksdoo exérpsions at Heattime.
exception vector specifies -the type of exception. 15 The out-of-order
execution pipeline 220 issues a restart control signal 90 to the

i nstruction issue_section 210 and t.he frant d .pipeline 200 to halt the
i nconi ng i nstruct i 8f oé‘.ct'rogé?‘?%?? X QBGPQP‘%HH? f@ ﬂgf‘glsteé‘ﬁ‘?PtW B¥struction
I ssue sectl Ori'rag\l'gnriﬁéréx%gﬁﬁor?%’ggtmg R tHe O DB A0 T sB¥ Yection 210 over an -
exception vector bus 92. Each exception vector specifies the type of exception.
15 The out-of-order execution pipeline 220 issues a restart control signal 90 to iie
instruction issue section 210 and the front end pipeline 200 to halt the

incoming instruction stream if an exception is detected.

The instruction issue section 210 retrieves exception information over
20  a control register bus 94 from the out-of-order execution pipeline 220. The
instruction issue section 210 implements routines for handling the
exceptions, and accordingly issues micro-ops to the out-of-order execution

pipeline 220.

25 Figure 3 illustrates the front end pipeline 200 for one embodiment.

The front end pipeline 200 comprises a bus interface (I/F) circuit 22, an



20 a control register bus 94 fromthe out-of-order execution pipeline

220. The instruct i,@gGf i{}%ﬁéﬁ%ﬁ{e‘?giﬂfgegci?&ﬁ‘ 5m*®¢?¥$ﬁ?““”“{°?§?l‘%?%ér 1 H ng the

exceptions, and ac nm cro- ops e ou cution

pipel i ne 220. 4 2%us interfaceciidhit3 Td H3lhes chlife GF QM 2erdctmispel [ ne 200

. for one enbodi men end pipeline 200 conprises a bus interface

(I/'F) circuityggucBbns from {He meribtlsubbyN@mCEC {troaghahe bug4nteafape @frcain
counter circuit 28, an instruction”decode circuit 26, and a branch predict

circuit 20. Tireahdovetsbusri4tadhe instrectian @&the wirenitRdduiffays theinstrictions 14
t hrough 5 the bus interface circuit 22. The instruction cache circuit 24
f et ches i nst rfet¢Hednfsomy they mpmony subsystaMdPst em 16 t hrough the bus interface
circuit 22 and over a bus 141. The instruction cache circuit 24 buffers the
i nstructions fetched fromthe nmenory subsystem 16. 10 The bus

nterface, giroul t g2 senses, d I GLLPES sfled ifediDls BEhelost IR AUSTRe

I nterface nterrup orstover the Interrupt vector

bus 96 to theb&é*fﬁt@xffa%lfj gﬁcfgué{e%f—‘ﬁléh'k@s pitelipNfeddts ovidiahk ThRifujittvectsit or s on

the interrupt vector Identify the external interrupts on the host

bus 14. 15  pys 96 td B buBof-trider erecutivin pipelin® 22@n Thk dstetrheptowectars oor der
execution pipeline 220 to communi cate over the host bus 14 through the
menory accessthelistefdupt vector bus 96 identify the external interrupts on the host bus 14.

15 The bus interface circuit 22 enables the out-of-order execution pipeline
220 to communicate over the host bus 14 through the memory access bus 74.
The out-of-order execution pipeline 220 accesses the memory subsystem 16
| through the bus interface circuit 22 during execution of memory load and
store operations.
20
| The program counter circuit 28 controls the sequence of instruction
flow from the instruction cache circuit 24. The program counter circuit 28
transfers instruction addresses over a program counter bus 140. The
instruction addresses cause the instruction cache circuit 24 to transfer a stream
25 of instructions to the instruction decode circuit 26 over the bus 142 in a

sequential program order.



from the out-ol-order execuuon pipeciine £.vu inaicating acieltion vl an

The out -of - of dRpAKC Hhb esthitRBhiALsiEAT 95 EARRE Thé BodFRRPEuREPENaIIEDE 16

t hrough the bus ce circul uring execut nmenory | oad and

store operati @it #d tFheser SOirdtRueoon addrésséLovdr 3R proptdmduhhe tirauence
of instruction tlow fromthe instruction cache circuit 24. The program

counter cig cuirid B8lttthansstarctionnsttaanc fionm thel thstnsxtionocache inguidd@4am count er
* bus 140. The instruction addresses cause the instruction cache circuit 24
to transfer a stream 25 of instructions to the instructi on decode circuit

26 the b 142 i tial , der . -.12 - Th

count o1 circuit 28 edeRGRpdIE: FEu AT Praotith ghe Lreshes U Thg SFARBr
unt er cirouit 25 eRERGRETIE: Kiicd e _

The restart donEROION yneedghim te il QBT ek A Hle BRGERGRRILOT. |

the transfer of.ingj x‘é&%fv%?'ih@%hﬁ%ﬁ&ﬁ aﬁH?éssE@SnRﬁQ%@%?aaﬁQHBﬁﬂer Bus 14¢0 5

and halt the instruction streamfromthe 1 nstructi che circuit 24. The

~ branch predi cdndgéitathfes pPeditiediteiget bidrdasevtafied upontthe indtieaidnodddresses.

i nstructions accessed fromthe instruction cache circuit 24. The branch
predi ct circulte Bfanck peedietscitdugt 2isansfetsi tha predictesksasgetraddressps tythem
counter bus 140, 10 and generates predicted target addresses based upon
t he i nstruct i pregeaiticeystes circuit 28 over a branch target bus 130.

Figure 4 illustrates the instruction issue section 210 for one
15 embodiment. The instruction issue section 210 comprises an instruction
decode circuit 26, a microinstruction sequencer 30, a register alias circuit 34,

and an allocator circuit 36.

The instruction decode circuit 26 receives the in-order stream of
20 instructions from the instruction cache circuit 24 over the bus 142, and
converts the instructions into an in-order stream of logical micro-ops. The
instruction decode circuit 26 generates one or more logical micro-ops for each

instruction from the instruction cache circuit 24.

25 The logical micro-ops generated by the instruction decode circuit 26 are
micro operations that perform the function of the corresponding instruction.

The logical micro-ops specify arithmetic and logical operations as well as load
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The branch predict circuit 20 transfers the predicted target addresses to

t he program count circuit 28 over ,a branch target bus 130. Figure 4
illustrates the i ﬁi‘? AR Ren %ﬁ?élescé@f‘f'@% tsanslers thgjp-order sgﬁﬁﬁdﬁn‘@&‘tc.al The

i nstructipn issue sectjon 210 c rk j_nst ion de hreuit 26, a
mi croi nst Puctt Sﬁo'ggsqgoe{nhceerreggge,r agggébri%gﬁgrq %é)legéslgglfé%icﬁ? rg?%?gg‘ﬁgb'aﬁgr

al I ocator ci BﬁHieg?ﬁgiém-EB% thB $hitredd ANdElRee Wrcibt! T isbuekBup 86 Tb¥L f-bRfer

i n-order stream Instructions fromthe instruction cache circuit 24

over the busidkial mjicb-epsdating dabk clotkidytletdfahe prodessad. n- or der stream of
| ogi cal m cro-ops. The 1 nstruction decode circuit 26 generates one or nore
| ogi cal m cro-ops for each instruction fromthe instruction cache circuit

24. 25 The | ogi cal micro-ops. generated by the instructi on decode
circuit 26 are mi Ba@h g)waémlsmofmthﬁé%@lmqa@m& P ROBPrIspLan

correspopdi ng instruction. The | ogical mcro;ops.specif i f.hnetic and
Cout oo B ur ptaiia 2t S loakal ragidfer urtle i &Reaifisfaiste esbiiaien A e
nmenory subs . ' s - i f | e
opar ands anapbiBh fiarkds Anad FRlnuthoh Soble BUE REfle YTREGPESE sl
transfers thg fiActddifsr the lcBAEHIndiAg 16gtal micrdlopt EaBSlogRal ReidteHsGiires

alias circuit 34 over a logical mcro-op bus 50. For one enbodi nent, the
i nstructi on deyspecify acogiste?ousefesopgrahd data)randrthelogical register
destination may specify a register destination for result data for the
15 corresponding logical micro-op. The register logical register sources and the
logical register destinations of the logical micro-ops correspond to the

architectural registers of the original instructions.

The flow markers indicate the boundaries of the original instructions
20 corresponding to the logical micro-ops. The original instructions are also
referred to as macroinstructions. The flow markers include a beginning of
macroinstruction (BOM) flow marker, and an end of macroinstruction (EOM)
flow marker. The BOM flow marker indicates that the corresponding logical
micro-op is the first logical micro-op of a macroinstruction, and the EOM
25 marker indicates that the corresponding logical micro-op is the last logical

micro-op of the macroinstruction. If a macroinstruction maps to only one
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| ogi cal m cro-ops during each clock cycle of the processor 12. Each | ogi cal
m cro-op on the logical mcro-op bus 50 conprises an 10 opcode, a pair of

| ogi cal register sTHegRstr@dibnapdintr deltaredie fer a degichnmiitrorop tndicdteOthd | ow
mar kers and an instruction pointer delta value. The opcode specifies a
function f®r ldmgtlcdn bgssafthagotrespardingimaaoistrugtioh. |Fogixamplegasher
"source may specify a register source for_ operand data, and the | ogical

regi ster destlagies @wcrmypsvser@ﬁrgn@ngéguasm byse macseinsiueen hasal t data for
the 15 correspondi ng | ogi ca [ 0-0 The,re |ster | ogi cal register
sources and tH@‘:}'QSB?‘E‘S‘FUQ%BPEF%Wdé&f’?ﬁ’ﬁt‘?"d’rﬂ fo Othe I ogical micro-ops
correspond to the architectural registers of the original instructions. The
fl ow markers indicate the boundaries of the original instructions 20

corresponding to tf*ﬁe!régtgst@@hh&@ SF&IPP@rec-EW"ethéQhQﬁBei R)?:éaﬂ%ic%l% §b%er! SO
referred to as macroinstructions. e flow markers incl eabeg| ni ng of

macr oi nst ggict thérlog ifrocyp bas Be ra,ndaguheanee actopfespoadivignst ofl &i-beder( EOV)
fl ow marker. The BOM fl ow marker indicates that the corresponding | ogical
m cro-op is tpbyditalgnickogps bly mnvnmg)ﬁ\edbgmahmglsjenswmes and thahggicdle EOV
25 mar ker i ndi, cat s t hat th?z correspondi n m cro-op, is the |ast

| ogi cal i cr otegisteR ?%Pé‘aHREFB e logiqa sycra psa EP PrAPF GiEERiHAG ﬁ’eﬁ5§5to

.gg't ! Che BOM gtrj?“ vahl'aBi%' £elbutle 1% SRe-of-Bid e RBLub QO pfitind 700 AR SRdat&G®

circuit 36 assigns resources in the out-of-order execution pipeline 220 to the

15 physical micro-ops transferred over the physical micro-op bus 52.

The register alias circuit 34 implements a register alias table that
specifies whether the current state for each architectural register is
speculatively held in the out-of-order execution pipeline 220 or is retired to a

20 committed state register in the out-of-order execution pipeline 220.

The register alias table enables logical to physical register renaming by
mapping the logical register sources and destinations to the physical register
sources and destinations. The physical register sources and destinations of

25  the physical micro-ops specify reorder buffer (ROB) entries and committed

state registers of the out-of-order execution pipeline 220.



registers of the original instruction stream. For one embodiment, the entries
EOM fl ow markers. The instruction poi delta I or i cal
m cro-op i ndifthexsgister alias tP@ﬁg@HeFW@f%@e(ﬁ&ég)éﬁqg iftfﬁgh% etc.
macr oi nstructiqn. jcal_mcro-op corresponding to a
four byte nmafg&t ﬁé‘i96@19%&}‘&“&&5?8‘?%‘??8&55% pointer delta val ue equal
to four. g’he register alias circuit 34 receives the in-order |ogical
-mcro-opsover 10 the logical mcro-op bus 50, and generates a

correspondi ng set EQ{? éﬁ'tr?ru‘i“i’l‘ie Péys?tbﬁal'xaﬂaﬁlé)st@% PROBEPGiAtery THeeROBOI cal
regi ster sources and the’ [ogical” register destinations of the Iogical

m cro-ops. Tpheirabl §seifids £ ROBlehtr@6n theoksof-bedarvadetativm pipdoer229s t he
out - of - order execution pipeline 220. The allocator circuit 36 assigns
resour ces i nassignesuto biitfer therspexelotive aesydt getai fos the corrgspandi 115 physi cal

m cro-ops transferred over the physical mcrp-op |stFr al i as
circuit 34 imshitaginral ragister: Fas eé‘l“iya’é‘ ?ﬁﬁ?&‘sf%éﬂ‘a%@@aﬂs@s‘s A t he

out - of - oftier regiSerffoReIE fRFDTABERt PR Shdtfe” PR SPBHa10 *eﬁﬂk Bl st ace
register in goretgg 5%5P§ﬁgﬁ§saﬁ‘gﬁll%gtbﬁnr %Qf'elr 19@0&%9\ deﬂet}{e Aﬂ)?f]la@ | as

tabl e enabl e regls renam ng y mappl e | ogi cal

regi ster soupgasiged s@ﬁétrng@@r@m&h&%u&%@opayﬁéﬁ@hubﬁ@xpélme gzo)r ces and
destinations. The physical“regi ster sources and destinations of 25 the

physical mcro-ops specify reorder buffer (ROB) entries and committed state
registers of the %lxjé alcl)cl;cact)cr)rdceur-cu?:( Be(;: {tha;\ngrspa stgtl Afna%sérzxgd physical reglster
15 destinations pdst_0 through pdst_3 to the register alias circuit 34 over a
physical destination bus 56. The assigned physical register destinations pdst_0
through pdst_3 specify ROB entries in the out-of-order execution pipeline 220
for buffering speculative results for the physical micro-ops. The assigned |
physical register destinations pdst_0 through pdst_3 are stored in the register
20  alias table and are used by the register alias circuit 34 to rename the logical

register destinations of the logical micro-ops into physical register

destinations.

The allocator circuit 36 assigns the ROB entries of the out-of-order
25 execution pipeline 220 to the physical micro-ops in the same order that logical
micro-ops are received over the logical micro-op bus 50. The allocator circuit

36 maintains an allocation pointer for allocating ROB entries. The allocator
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- 15 - The eddalioested ROBenti¢y bécomearhvaikblefdrereatiocatipond to t he
architectural registers of the original instruction stream For one

enbodi ment, the entries of the register alias table correspond to the EAX
EBX, ECX, and EDX, etc, registers,of the Intel chitecture M croprocessor.
Ech ont By i t hAhedgEistasralis (St 21 TSV & SeLORPROTAT 10Bica! FireoRER

poi nter specifie ntry,in the t-of -.arder .e ' pi.pel i ne 220
assi gned to(iB'lﬂFf rtﬁf‘?fégibﬁBB&%PY?femee@gﬁa?gggéo $ érbl{)gﬁ@égﬁ ?‘gséﬁgﬁdi ng

archi tecturgl; | 120 ENB 1688HaP hiEroddp dsobab ifrodeB0 Stores
a real 10 aé’@éﬁ%@%%?fﬁgf%%#rfv) flaggt ralat irndif():at e?‘v\,het hgr t he
specul ati ve |pRspiBlcodtiirsel @h dpedEar p#is pPisHits regibirtsdtirtisdbrel agddtee, i s
contained in the appropriate conmitted state register in the out-of-order
executi on pianel a togi®?@egittee debtimatiirokdstia sadiof fRBv markefse ppd andestrogtion

assi gned physical register 15 destinations pdst_0O thro_uglgwpdst_S to the
regi st erlOal ipeinter delta vaBre. oTke logicah yegister sgurces aadtha lpgisalwgistete assi gned

physi cal regjster destinations pdst. 0 .through, pdst,3 specify ROB gntries in
the out - of - clegipatigneagh ﬁ?clff;'ﬁ& ?"ﬁh“"%ﬁrﬁldf*gﬁfﬁl}f rrpﬁé’r&b’é%]#%ffﬂgr esul ts
for the physical mcro-ops.. The assigned physical register destinations
pdst O throdaﬁtrBﬁté?rl% are stored in the register 20 alias table and are
used by the register alias circuit 34 to renanme the |ogical register
destinations of the |ogical mcro-ops into physical register destinations.

The al | ocator ci Mhdirkgidferasias @irsuit 34 thoBfers tardoesespbnding setitof af-oodeter
15  physical micro-ops pmop_0 through pmop_3 over the physical micro-op bus
52. Each physical micro-op comprises the opcode of the corresponding logical
micro-op, a pair of physical register sources psrcl and psrc2, a physical register
destination pdst, and the flow markers and the instruction pointer delta
value of the corresponding logical micro-op. Each physical register
20  destination pdst specifies a ROB entry in the out-of-order execution pipeline

220 to hold speculative result data for the corresponding physical micro-op.

The physical register sources psrcl and psrc2 each specify a ROB entry
or a committed state register in the out-of-order execution pipeline 220. Each
25  physical register sources psrcl and psrc2 on the physical micro-op bus 52

includes a corresponding rrfv flag. The rrfv flag indicates whether the



state register.
25 execution pipeline 220 to the physical mcro-ops in the sane order
that | ogical mcro-ops are received over the logical mcro-op bus 50. The

|l ' | tog36_Mai Lns_.an. ' ' f || ' ROB
anirios, The al | ol gt AideefliCH GEHER OB Bkal RlerParty’ ot or s
tries. Th * , i
doal | ocates TRPPPARIGENE! FRIEFSQRRLIOf e Rechl pRR SRR BNOR08

avai | abl e f ogntfieglah@RkicBmitted state regiiers’afahe lkit-olldrder exdcatioh 34
receives a set of in-order logical mcro-ops Inmop_O through Inmop_3 over the

| ogi cal m crpipelind280 5ecotdirigny thaabgisiepelinn tabdé.oThe ségistee aincieasioB4 12.
Each | ogical mcro-op I nop-0 through | nop-3 conprises an opcode, a pair of
| ogi cal regimeegessasoigned phyisical segistes destinations pdssd) Hyougbdst.dy into the
destination ldst, .a set of flow markers,.and an jnstruction 10 oi nt er
ol ta val e Prwcal seiter destineier ethatabe FhyRital ARt aes Propy g dhfoush
desti nati'oon %‘?‘%?’ $peci fy an architectural register of the original stream
of instructi'ons—The register alias circuit -34 transfers a correspondi ng
set of in-order 15 physi cal m cro-ops pnop_O through pnop_3 over the
physi cal m cro-op bus 52. Each physical mcro-op conprises the opcode of

t he correspondi ngfHeagigsdr atiasraircoft,34adqtermines aghlyysicdregistgr sbarcefouaces
psrcl and psrc2, a physical register destination pdst, and the flow markers
and the i nstphjsidabmipierep by reeding the register alias table entry specified by the

corresponding logical register source. If the rrfv flag of the specified register
15 alias table entry is not set, then the register alias circuit 34 transfers the ROB
pointer from the specified register alias table entry along with the
corresponding rrfv flag over the physical micro-op bus 52 as the physical
register source. If the rrfv flag of the specified entry is set, then the register
alias circuit 34 transfers a pointer to the committed state register in the out-of-
20 order execution pipeline 220 that corresponds to the logical register source as
the physical register source, and transfers the corresponding rrfv flag over the

physical micro-op bus 52.

The register alias circuit 34 stores the physical register destinations
25 pdst_0 through pdst_3 into the ROB pointer fields of the register alias table
entries specified by the logical register destinations ldst of the logical micro-

ops Imop_0 through Imop_3, and clears the corresponding rrfv flags. The



architectural registers are assigned to ROB entries in the out-of-order

val ue of the correspandi.n Each ster

ost tnat i on ST bR RE 220 RePesifird oY R icoraapoRing K0P ioiliels Ton”

-pi peline 220 to hold specul ative result data for the correspondi ng physi cal
m cro-op. The physical register sources psrcl and psrc2 each specify a ROB

entry or g commit iFed eshbke, HROeHier AlinstdiRudd4 féndth BBIthe PR YichOfegiitde! i ne
"220. Each 25 physi cal register sources psrcl and psrc2 on’the physical

m cr o-op bus sEﬁrqerpsrcilem' the physiealpmimtorop pmbp_0 bygreadiregg thefregistexcaliasdi cat es
whet her the - corresponding physical register source specifies a
ROB entry or t%bléGﬁfﬁ}’t&P@Glf@ﬁé’cYethﬁégglﬁle"leglsﬂfeS%gﬁ bredr ofthedsnap Pc o thezs

Jources of 1 Eﬁ%? inerperiBed Besirér alies FREIF efify igob i fire BB dRektEa otat e
registers of hlieaple 8 hdats BERSH AR RRLTRe 330RES 68109 ailn%gbqe

regi ster ali &8 reg s er —alfias circui

~physi cal 1pegiatr§ral J}E\PHQ $ h t Btbéﬁ
regi ster gestblér{ tal %ﬁéwﬁgﬁ“egéf&{e%géphyg n?c??% té%e: p Ealoat?% ilzlﬁ

pnop_3. The b62gs shephpixtfl&egxsreeuotxrcaépsdet ffrrrfhe@snap JhyKitk@krfv figgUfahe sour ce
for a physical mcro-op by reading the register alias table entry specified
by the correspeifiechtegister alids tablei estust issetitben the register plias ¢ifaut 3 t he
speci fied reglster
ansfers a pointer to the committed state register that corresponds to the
logical register source Isrcl along with the rrfv flag over the physical micro-op

15  bus 52 as the physical register source psrcl for.the pmop_0.

The register alias circuit 34 generates the physical register source psrc2
for the physical micro-op pmop_0 by reading the register alias table entry
specified by the logical register source lsrc2 of the Imop_0. If the rrfv flag of

20  the specified register alias table entry is not set, then the register alias circuit 34
transfers the ROB pointer from the specified entry along with the
corresponding rrfv flag over the physical micro-op bus 52 as the physical
register source psrc2 for the pmop_0. If the rrfv flag is set, then the register
alias circuit 34 transfers a pointer to the committed state register that

25 corresponds to the logical register source Isrc2 along with the rrfv flag over

the physical micro-op bus 52 as the physical register source psrc2 for the

pmop_0.



: i ias circuit 34 stores the allocated physical register
15 alias table élmerrgg}sgernacl)xtasggtcfu then tﬁe regi st erparl as C|g1r cuit 34

transfers the;RERafGh Past of ihMHROBISSIntdreibld eFithé esgisler atias tdble entiyr y
along with the corresponding rrfv flag over the physical mcro-op bus 52 as

the physical spegifietdy BeUbgRal tdgisttredestinatibhddstosf thedmapedj anddlears the i s
set, then the register alias circuit 34 transfers a pointer to the
. conmi t t ed 5t atoerespgndingrrrfnflagie Theregister abias ciseuit B4 aksoctianyarsghgel i ne 220

t hat ds to the | ogical | St th hysi cal | St
sour ce, and talpeatediRysiral Eegres gerhAiipny BEY_Y PYET P YHER SRR eRb

m cro-op bus J2. The.register.alias eirgcui r i¢al register
desti nations 5}5“’ t%@z@%gﬁgsmtlggxsg{% f?ﬁﬁ)e ?ﬁ%ﬁ p(r)l n?eémﬁ'é ‘ds of the
register alias table entries specified by the | ogical register destinations
| dst of the logical mcro- ops Inmop_O through | nop_3, and clears the

correspondi ng rrfvwHel Rgiterd1Rs circuitl® receives retirenverft! printersiandtvadidt hat t he
current state of the corresponding architectural registers are assigned to
ROB entrims isigndi€ovett thefretiralennteol dust7001The registeralarizemitPrascordinghy t he
correspondi ng ROB pointers. 5 _For exanple, the register alias
circuit 34 gerpladescthetriegispanaliasdable egirescsorzespppdingstactherisfireBQbhysi cal

ogi cal g1 STGHed GIRGEASPLRLEH AN THBPLt/ES PhE THRE TRRh oY FREGRTeT I |

specified reqisfer 3Ll &5 tha3Rbfred'ROB ériirilto HidicateRift #H2ScdrFdpShaIng
| architectural registers are held in a committed state register in the out-of-

15 order execution pipeline 220.

The microinstruction sequencer 30 implements microcode for
handling exceptions detected in the out-of-order execution pipeline 220
during execution of micro-ops that correspond to instructions fetched from
20 the memory subsystem 16. The microinstruction sequencer 30 also
implements microcode that emulates the interrupt service mechanism for
the processor 12. For one embodiment, the microinstruction sequencer 30
emulates the interrupt service mechanism of the Intel Microprocessor
Architecture.
25
The microinstruction sequencer 30 receives an exception vector from

the out-of-order execution pipeline 220 over the exception vector bus 92 if an



information over the control register bus 94, and then issues micro-ops to the
alias circuit 34 transfers the %B ﬁoi(@t e;[_l fromﬁtae s‘%)etci fiiger{?%i %itper
al i as t abl e instruction docodessierull 4tq ARAUE P8 SBEAUPAF*FFR1PY a4° SVEPPRe
physi cal m ¢ro- bus 52 as th hys] | Sk. r e
Prop 0 11 g e prisyha B U FtralRHlyRiph, RQHEAGH DY fre delbacd'?
set, then the fedl i b4 G4ithe BAt-bF-BRR xR cEOR Plpdind B0t he
commtte st%{{({a?%taa?eg% gﬁéte%%‘tuq%%?ﬂr‘léseponds to trhe Icoéi cgllgregi ster source
| srcl along with the rrfv flag over the physical mcro-op 15 bus 52 as
t he physical register source psrcl for, the pnop_0. The register alias
circuit 34 gener digard héllysuwsestie owepfsireder spequtionppipeling @20 forophysi cal
m cro-op pnop_0O by reading the register alias table entry,specifi;% by the
| ogi cal r egienbodismentc dHesoutzofearden exequtionopipeling R0 comprises g wger t he
specified register alias table entry is not. set.. t t register .alias
ol routt 34’ dhatfesrids § redlaegieRr Gif R epe nonar Shll H ARt £ Brili gk O
the correspondjng rrfv.fl ver the physical mcro-op bus 52 as the
physi call%re r&‘i@‘?e\é%ﬂ‘}h@@ %&ugtzfq'or the pmop_ 0. If the rrfv flag is set,
then the register alias circuit 34 transfers a pointer to the conmtted
state register that 25 corresponds to the logical register source |src2
along with the rrihe dispgtch\eireuiti3s niffess dad physical-mjprdwps avatng he physi cal

regi ster source psrc2 for the pnop_0. - 19 - The reqgister, alias circuit
34 stores thxeahtion by exegetieomrirewiy#@s dhe dispatch circuit 38 receives the

opcodes and physical register destinations for the physical micro-ops over the
15 physical micro-op bus 52 and stores the opcodes and physical register
destinations into reservation station entries assigned by the allocator circuit
36. The dispatch circuit 38 assembles source data for the physical micro-ops,
and dispatches the physical micro-ops to appropriate execution units in the

execution circuit 40 according to availability of source data and execution

20 resources.

The reorder buffer 42 contains the ROB entries that buffer speculative
results for the physical micro-ops. Each ROB entry in the reorder buffer 42
can buffer either integer or floating-point result data values. Each ROB entry
25 contains a valid flag that indicates whether the corresponding result data

value is valid.



_ _ committed state of the architectural registers of the original stream of
destination pdst_O into the ROB pointer field of the Tegister alias table

entry speci f iggdrigtidnide Thegtaramittad resudy datastaloed irothd dehndtted Beéatenop_0, and
dears the 5 corresponding rrfv flag. The register alias circuit 34 al so
transfers theegibtleoxalwaysprgsideatalidegistecdatae Each physicabregister spuace t he

physi cal mcro-qp bus 52 as _the physical destination pdst for the physical
mi cro-op PropPerifigneither ROBrentry aka cprupitiedsiatedegistals retirenent pointers
and valid 10 signals over the retire control bus 70. The register alias
circuit 34 accordingly updates the register alias table entries

corresponding to ﬂqg ré(ﬁjdig{; tsﬂffﬁ% £Rd théfeal ng?s(e??fléh@ rre_@éiwi/é‘fhoe?ﬂ)l;l)ﬁsgéati 34

updates the rrfv ags o e register alias table entries retired

ROB entries hficioigpsave theghykieel Wrb&ﬁpﬁﬁdsmgm&(}mgtsﬁﬁ% tef SQlgbers are
held in a commtted state register in the out-of- 1 order execution

pi pel i ne 220psitihanui psrc abéachqihysitakmiurorapecar8éadhngpeeifp ritherra RQR ediryf or
handl i ng exceptions detected in the out-of-order execution pipeline 220
during ek@cuin the reprégrchuffes artratoromiited patriregistenin thecreabregister fledd.f r om
20 the neno supsystem 16. The m cr.oi nstructi op sequencer, 30 al so

ol enent s nERTR BB TAE B sP e PSP UEE OPne SYFICal AR B Fbr ¢ he
processor 12 0 odi t, ) ' A | r 30

enul ates t heir}crﬁl?eersryugeta?%‘gﬁe?gﬁn\gg%m?&(}%ﬁ ?’%&W‘%ﬁeﬁg mﬁge?§%$%‘gessor _

Ar chi t ect ur ecorespbn@inB phpdiPalrksisier QBuRREPRAERE aIROBUHYESa 3BmENiERAL | ON

vector fromthe oOut-of-order execution pipeline 220 over the exception
vect or bus 9gtatefregister.
15
The reorder buffer 42 reads the result data values and corresponding
valid flags from the ROB entries specified by the physical register sources
psrcl and psrc2 of each physical micro-op pmop_0 through pmop_3. The

reorder buffer 42 transfers the result data values and corresponding valid flags

20  to the dispatch circuit 38 over a source data bus 58.

The real register file 44 reads the result data values from the committed
state registers specified by the physical register sources psrcl and psre2 of each
physical micro-op pmop_0 through pmop_3. The real register file 44

25 transfers the result data values to the dispatch circuit 38 over the source data
bus 58. The result data values from the real register file 44 have

corresponding valid flags that indicate valid data.



- 20 - except i onThe plysisel ragistemdestinations of the physicalbiigrRns Pdthiccesses
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m cr o- ops ifie
exception. The, excepti a ' As - ' t ' ' ction
coquancer a6uRieE GeRai el Ay BbRMEh( RS PrysEf mibroldls, (TS flchdLs (0|

execut i og DW& 18 Feals n{)ﬂééél}i@ngerﬁn%iéﬂ ép&meam)stﬁéﬂphwéam&%i@federesﬁmmﬂsi on

pi peline 22 or one e The out - of™-order” execution pipeline 220
conprises a prd@t)bﬂéﬁcrbﬁf\j'ﬁéal 4Ricre-opgahop el ttwbaghfprhep 84, The redrdee baéfet r ol
circuit 46, "a dispatch circuit 38, 10 and an execution circuit 40. The

di spat ch ci A2uhen 3®rbsifieclogicaheegistys destinations ©fdpe phyeicel micresQRsUOtdn by an
execution circuit 40, The dispatch circuit 38 receives the opcodes and
physi cal redghenewlyalecated i engiest he physical mcro-ops over the 15

physi cal m cro-op bus 52 and stores the opcodes and physical register
destinations into reservation station entries assigned by the all ocator

circuit ,36. The qihﬁQﬁ%ﬁaq%}g%jﬁéﬂgégglg%ﬁéqmIsgarc%o&gtge‘\,amaa,{d)r the physi cal

mcr o-_0|3 , and di'spatches _ m cro-ops to appropriate execution
units int h%oﬁ’égﬁbﬂdiﬁ valil Fliel ofBr AeCedtddatatbavss. | Fin Hispytcdf cifcaiy 38 dat a
and execution 2 resources. The reorder buffer 42 contains the ROB entries
t hat buff er sgfresthesdutee data values and corresponding valid flags into the

reservation station entries assigned to the corresponding physical micro-ops.

15 The dispatch circuit 38 also receives source data values and
corresponding valid flags for the pending physical micro-ops from the
execution circuit 40 over a result bus 62 during a write back of result data
values from the execution circuit 40 to the reorder buffer 42. The dispatch
circuit 38 stores the write back source data values and corresponding valid

20 flags into the reservation station entries assigned to the corresponding

physical micro-ops.

The dispatch circuit 38 schedules the physical micro-ops having
completely assembled source data values for execution. The dispatch circuit
25 38 dispatches the ready physical micro-ops to the execution circuit 40 over a
micro-op dispatch bus 60. The dispatch circuit 38 schedules execution of

physical micro-ops out-of-order according to the availability of the source data
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results for &HheulbMSiriBlesBlifdes-iARtbe ekeahionGBrauit 49. i n the reorder buffer 42
can buffer either integer or floating-point result data val ues. Each ROB

entry 25 contains a valid flag that indicates whether the correspondi ng
result data value is valid. - 21 - The real register file 44 contains

comitted state rEef GXQ&'PﬁOt\W&tCUHcﬂ%I‘_’V’F%%S %Wﬁtsé’éc‘_éllaﬁb’é rS?f‘J_lf data values
- Comm o 1 AR EXRERIDAA S IO T UGt Treere R tio S ubF FPRAL I
e _ . . 2y
B Cher o ROPE DGO buF 12 RVEF Lites i BB'ed” GRS ad IV, | €2,
the real regép%%@fatifvlelrgﬁﬂf"dé?ac@ilﬁgs hAG eREBptORAta is ByO LU Bbn Iclieuitiapsi cal

m cro-op bus“52. The physical register sources psrc¢l and psrc2 of each
physi cal m cis Qudpfordercdad ts flecohtyofeordee dispattBing of phydidal micrbhepsrtgor der
buffer 42 or a conmtted state register in the real register file 44. Each
physi cal reghstdispatdurcireuip38 andahd differing sumbes of pyacasser ¢xctesefdbebus 52
~includes a real register f IJSF val i d.(rré&é.kfag t hat ingiﬁat.e whet her the

cor r espotfdi nRFOSERFST dAFequpRcs o exearfi Lo HPEEE Y REBCLRTYS D™ Commi t t ed
state register. 15 The reorder buffer 42 reads the result data val ues and
correspondi ng

For one embodiment, the execution circuit 40 comprises a set of five
execution units, and the dispatch circuit 38 dispatches up to five physical
15 micro-ops concurrently to the execution circuit 40 over the micro-op dispatch

bus 60.

The retire control circuit 46 controls a retirement operation during
each cycle of the processor 12 pipeline clock. During each retirement
20  operation, the speculative results held in the reorder buffer 42 are committed
to an architectural state in the same order as the original logical micro-ops
were received. During retirement, the speculative result data values from a
sequential set of ROB entries are transferred to the corresponding committed
state registers of the real register file 44 over a retire data bus 64.
25
The retire control circuit 46 controls the retirement of specu]aiive

results stored in the reorder buffer 42. During each cycle of the processor 12,
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‘regi sterssspe&icbpish Bital FRW RYken! ahddhshdtiotopoiaeer deltavvakues from ¢Re of
- each physical mcro-op pnop_0 through pnop_3. e real register file 44 25

transfers thgpeeified tROBeatria oves the retive ditsbas @M. ci rcuit 38 over the source
data bus 58. ?he result data values fromthe real register file 44 have '
corresponding valid flags that indicate valid data. - 22 - The physi cal

regi ster destinations of the physical micro-ops on the physical mcro-op
bus 52 specify ROZheretirecontrolidiecuitcdf Frepives theFesult dajp, %ng?ﬁgt?'esult

d f i f he i | ) = , h f
clears the. RESWRIKES: apa Rty PRETE waltef Bl Heyte ALBRE 647 o,
of each physi %{Pe%ﬂfe%mggrggntebéwm &gp&ﬁ%ndgh&ahgﬁmﬁ@ rbﬁ'xfiagr 42 then

stores t | ogic regrster I nati‘ons of the physic m cro-ops into the

new y all Ocatrﬁﬁr@s.emhreix@ﬁre &6htrol circuit 46181s8i repéivedirteirpt lvetBry 6¢& Ves
the source data values and corresponding valid flags over the source data
bus 58. The dhematectuptiviector tbud®6 indicating any external interrupt. The retire

control circuit 46 also receives machine check signals and inputs from
external debug pins of the processor 12 over the interrupt vector bus 96. The
15 machine checks include, for example, any parity errors detected during data

transfer over the host bus 14.

The retire control circuit 46 transfers an exception vector to the
microinstruction sequencer 30 over the exception vector bus 92 if an
20 exception is detected. The retire control circuit 46 issues the restart control
signal 90 if an exception is detected. The exceptions specified by the exception
vector include such events as faults, traps, software traps, external interrupts,

and machine checks.

25 The restart control signal 90 causes the program counter circuit 28 to
halt the incoming instruction stream. The restart control signal 90 clears the

speculative result data in the reorder buffer 42. The restart control signal 90



hysical micro-ops executing in the execution circujt 40. e restart control
stores the sgu ce d%tlfa veﬂ ués anc correspondi ng va1|8f ags 1 nto tﬁe

reservation gloshi 9@r&@§srﬂ1%§e%§éir angélciccuit BE 16 %{;ﬁ&lﬂ’@?@ﬁfé@hﬁ'ﬁﬁég@ﬁérs to
m cro-ops. 15 The dispatch circuit 38 al so receives source data

val ues and cehe esrpespdindihgy edrhfhiftédigtatd cagistbss ipethadireal regystexfile 44.cThe ops
fromthe execution circuit 40 over a result bus 62 during a wite back of
result dala vestarésontrohsighal ¥xasoressts therallacatian podntenof the aHecatouf f er 42.

The dispatch circuit 38 stores the wite, bgck, source datg val ues and

cor r espondi nEirf P8 tofndifate g<leased reqrder EE&?R/ Jiand @uses gﬁalg?’F‘FFIP@§?éQsi gned
to the corregpondi ng,.physi.cal : dj. circuit 38 schedul es
t he physi cal Eelfc’%{‘%f)@nIfi?ffor{‘ge%mé%%%?g$gls}ggcé\ng?é‘gl sgg'urce data val ues for
execution. The dispatch circuit 25 38 dispatches the ready physi cal

m cro-ops to the execution circuit 40 over a mcro-op dispatch bus 60. The
di spatch circuit BRe sethediohas! exesividé aherwtrapbfess ealid xigrials epsheotsal of - or der
according to the availability of the source data - 23 - values for the
physi cal 10 cregistps fileattiovercthe detie contrcd duavvah | Bt valid signalscinclicate whigh t
resources in_the execution circuit _ 40. The execution circuit 40 wites back

the specul at RGP ¢ntzig ondthe setiig data bys 64458 wiitten o the cQrapSRONdiRgn t he
out - of - or der exeeu; on ot Lhe PS] 6ls BLELR o088 hrdalFediSRl 45l 4yl Tor 42
store the specified result data on the retire data bus 64 into the appropriate
committed state registers. The valid signals on the retire control bus 70 are
15  also received by the register alias circuit 34 and the allocator circuit 36. The

register alias circuit 34 accordingly ﬁpdates the rrfv flags, and the allocator

circuit 36 accordingly deallocates the retired ROB entries.

The retire control circuit 46 determines an updated value of the
20  architectural instruction pointer for the processor 12 during each retirement
operation. The retire control circuit 46 determines an updated instruction
pointer value according to target addresses generated by retiring branch
micro-ops and according to the instruction pointer delta values of the retiring
micro-ops. The retire control circuit 46 also stores the exception data

25 corresponding to the micro-op that causes an exception.
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circuit 40 is Qtebps 8 f haRAk AP daded indthictional
m cro- ops by tﬂ%e&?é%tgélgﬁﬁga%ﬂ%s?og% agrztj‘i{}%ee)giéggg??ggnnu%{b?er of processor
cycles of the g@interfroaane qetifelcorrepli dirtitf 48 overethetdontrodregibier diub fZdr i The:
types of physical mcro- ops. For one enbodi ment, the execution circuit 40
conprises @& semiabirstretion sequermer 30i alsg acredsashethdr infarmiationrfoniinteggipts

" dispatches up to five physical 15 m ¢cro-ops_ concurrently to the execution
circuit 40 oveand machinerehesks frospthe Fethigcoptrol Theuit 46 uerdbacppirob registet 46
controls a retjrepment operation during each cycle of the processor 12

pi pel i ne cl ockl?uﬁi;?a}sr{becgséé}:y'reti rement 20 operation, the specul ative
results held in the reorder buffer 42 are conmtted to an architectural
state in the sanme order as the original |ogical mcro-ops were received.

During retirenment, 1the sRepbRveMer ivdivites datercotldiecaused by kaduanitonl set
of ROB entries are transferred to the corresponding commtted state
registers mf tiécroey, thegiistobmstfudtiondsequencera3( atdesses aadational e4eptden The
retire control circuit 46 controls the retirement of speculative results
stored in the infenmpdionprpmethesexecatien gifcuit 49 @var| the spningb registes Hais7412,

24 The additional exception information includes, for example, the memory

address for the load or store micro-op causing the exception.

15 Figure 6 illustrates the reorder buffer 42 for one embodiment. The
reorder buffer 42 implements a reorder buffer (ROB) register file 82
comprising a set of ROB entries (RE0 through REx). The ROB entries RE0
through REx buffer speculative result data values from the out-of-order
execution of corresponding physical micro-ops. Each ROB entry comprises a

20 valid flag (V), a result data value, a set of flags, a logical register destination
(LDST), exception data, flow markers, and an instruction pointer del‘ta value

(IPA).

For one embodiment, the ROB entries REO through REx comprise a set

25 of 64 physical registers.
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transfer the resu data, 5 exception data,” flow markers, and instruction
poi nter deltgatyal ues fromthe specified ROB entries over the retire data
bus 64. The retire control circuit 46 receives the result data, exception
data, flow markers, and instruction pointer delta values over the retire

data bus 64, 10 _and determ nes et her _an exception corresponds to,any of
the retiring m cridhesultdata r"eﬂlier‘\(’é{\{n %Hﬁ?@g entnycisi & S%“i“f%‘@’? BE&F/%‘E‘ the
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parity efg orgydsieemBddiHEn théldsalttdaanvhRie fMEroft éieh/ROB ditsy RE0 The
retire control circuit 46 transfers an exception vector to the

m cr oi nst r ucthrongls RExeonepriSB 8butsits tohrrcemamgrdte hotie integerard fRatifg-an 20
exception is detected. The retire control circuit 46 issues the restart
control signpeinbdatx valnesxception i s detected. The exceptions specified by

t he exception vector include such events as faults, traps, software traps,
external interrupts, and machi ne checks. 25 The restart control

xternal checks. 2 | art o
et ructi on st r edthe e Poal OB P spetu iy Rarchl PRurdIThg "0

15 information. The speculative architectural flag information is transferred to

the architectural flags of the real register file 44 upon retirement of the

corfesponding ROB entry.

The logical register destination LDST of each ROB entry specifies a
20 committed state register in the real register file 44. The result data value of
the corresponding ROB entry is transferred to the committed state register

specified by LDST during retirement of the ROB entry.

The exception data of each ROB entry contains exception information
25 from execution of the corresponding physical micro-op. The flow markers of

each ROB entry relate the ROB entry to the boundaries of the original



length of the orir$inal instruction corresponding to the ROB entry.

specul ative result data inm the reorder buffer 42 The restart “control

signal 90 - 25 - clears the pending physical mcro-ops in the dispatch
circuit 38 and thea_ghysi cal mcro-ops executing in the execution circuit
40. The restart colbeaskoxieghailffepd2rreceives theephysjrali micratapapmoppclithrogght o
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then transfer ali s to the real register file 44 over the

retire controtrahsfers/the rbbglt\Gatd dakiegantshe validoflagsiromhthe@petifiedi ROBoN t he
retire data bus 64 are witten to the corresponding commtted state
regi sters. Thenirikiovesthmsdugce dateebuh88.real register file 44 to store the
specified result data on the retire data bus 64 into the appropriate
conmittedl@tate registers. The valid signals on the retire control bus 70

are 15 al so recej.ved by the. regjster alias  circuit. 3 d the allgcator
circuit 36. The re '%f"é?’\dlﬁ'i' F‘éﬁefc‘?}r éﬁ?rts 'gﬁ V&@E‘oé?acﬁsrfb‘ft?emgfﬁglﬁsﬁé’e ’Fa
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to indicate that the corresponding result data value is not valid until the

15  execution circuit 40 writes back results for the physical micro-ops.

The reorder buffer 42 then stores the logical register destinations, the
flow markers, and the instruction pointer delta values into the corresponding
fields of the ROB entries specified by the physical register destinations of the

20  physical micro-ops. The logical register destination in the LDST field of a
ROB entry specifies a committed state register in the real register file 44 for

retirement of the corresponding ROB entry.

The reorder buffer 42 receives write back results from the execution
25 circuit 40 over the result bus 62. Each write back result on the result bus 62
comprises a result data value and corresponding valid flag, a physical register

destination, and exception data.



. The reorder buffer 42 stores the write back results from the execution
operation. The retire contro}1 circult 46 determ nes an updated I nstruction

poi nter val uecizewiondiing the ROB @firidtPeeified byl aitepRy2ehl R¥gisiridesfiflatis@nch
m cro-ops and according to the instruction pointer delta val ues of the

retiring m crondhe restibicbuisc62.r The eedrdet buffercd stodés Hlesesslt aaes vilne aevdcept i on
data 25 correspondi ng to the mcro-op that causes an exception. 26 -
The i croidhst cmesm ding)valid flagiota deaeseld datre valveand baixd/él@gcﬁeldﬁ/@mdt he

.except i on vect or s 92. The.m cr0| structi on SE( en accesses
the exceptions eaﬁsat SFFeRdihdatagnigpt C%R%%FF%P %Eﬁoog %‘@Oﬁéﬁzsp by

instruction p%#%? %9‘#@%‘53 tr%é:?t %@Etﬁﬂhoﬂ rcuit 46 over the control

regi ster bus I'oh sequéncer 30 al so accesses ot her
information for interrupts and nmachi ne checks fromthe retire control
circuit 46 over the control register bus 74 as necessary. |If the exception

vector indicates arheweR@badlivekddiag flymahk @ecitiorstiofdt 40 seRithe valld, the
m croi nstruction sequencer 30 accesses additional exception information

- from t he Bxecflag imthe speuifiedROB \eaitry, HEhecwrite bhck eglid flag indicas thahthe

addi tional exception information includes, for exanple, the nenory address
for the | oad RPBsPEcoRtains-opalichresuiydatayalixe and iexeeption data fromri gure 6
illustrates the reord buffer 42.for one enbodi ment. The reorder buffer 42

i npl ements a $EGFERE LtJIP‘T gprresraBding phypice! migreop

Figure 7 illustrates the real register file 44 for one embodiment. The

15 real register file 44 implements a set of committed state registers that hold
committed result data values. The committed state registers in real register
file 44 comprise a floating-point register file 120 and an integer real register

file 122.

20 The committed state registers buffer committed results for the
architectural registers of the original stream of instructions. For one
embodiment, the committed state registers of the real register file 44 comprise
the EAX, EBX, ECX, and EDX registers, etc. and architectural flags of the Intel
Architecture Microprocessor.

25

The real register file 44 receives the physical micro-ops pmop_0

through pmop_3 over the physical micro-op bus 52. The real register file 44
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20 wvalid flag (V), aresult data value, a set of flags, a |logical register

destinatiop (|di¥phich €XGLP38 6Verdieaoutteaodatail &8s Thenedabregistet filectd also
poi nter delta value (I1PA). For one enbodi nent, the ROB entries REO through

‘REx conprise #rapefers valifl fg folresich abmmidiedtreselt data valup to thhalispatehd 1 ag
of each ROB entry indicates whether fhe_corresponding result data value is

valid. The varirguit B8@ves thessourge idatp PHeS8-cdhe validiflagsfaem the cogumitted ent ry

fromthe execution circui,t 40. The reerder buffer 42 clears the valid flag
for each newl Jt2LF TESISIErSPlwaps érh%;f“?/tetvc??’dffcﬁ’l"i%etgatﬁrﬁﬁﬁ?fal id result 5 data.

The result data value of each ROB entry is a speculative result fromthe
out - of -order execution of the correspondi ng physical mcro-op. The result

data val uggmay be BighiieB ifilistirBfe8dRE dikpatcvéikdifit 88 fér dHhOambddiReh Nt THiAt a
“value. 10 For one enbodi ment, the result data value field of each ROB

entry REO t hr disghtdREircadds irsplenimtda idispatclatablerdd datngrisirigha iset efger and
floating- point data val ues. )
reservation station entries RS0 through RSy. Each reservation station entry
RSO through RSy comprises an entry valid flag, an op code, a pair of source
data values (SRC1/SRC2 DATA) and corresponding source data valid flags
15 (V), a pair of physical register sources (PSRC1/PSRC2), and a physical register

destination (PDST).

The dispatch circuit 38 receives the opcodes opcode_0 through
opocode_3 and physical register destinations pdst_0 through pdst_3 for the
20 physical micro-ops pmop_0 through pmop_3 over the physical micro-op bus
52, and stores the opcodes and physical destinations into the reservation
station entries RS0 through RSy assigned by the allocator circuit 36. The
dispatch circuit 38 assemﬁles the source data for the physical micro-ops into
the reservation station entries RS0 through RSy, and dispatches the ready
25 physical micro-ops to the execution circuit 40. A physical miéro—op is ready

when the source data is fully assembled in a reservation station entry.



station entry RS0 through RSy holds a physical micro-op awaiting dispatch.

The flags of each ROB entry provide specul ative architectural flag 15
I nformati on. The specul ative architectural flag information is transferred

to the archit ect urple bb 288 Sheckites &% Bhefafiniihelexk i UARTKBlI 0PNt of

t he correspondi ng ntry. regl ster destination each

ROB ent ry sspatief pigmsicl 20cr8pTih ithe Qofrespendifgireseavalion shRiorealiry ®S0St er
file 44. The resul't data value of the corresponding ROB entry i’s

transferred tthrolgh ®Synitted state register specified by LDST during
retirement of the ROB entry. The exception data of each ROB entry .contains
exception information 25 from execution of the correspondi ng physi cal

BoasPas o HESACHTSR FEEA RRIEH bl 8 ol ARLRE,
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t he physijgal i o = are eTaNEe] ha; ' L& 0- 0p
bus 52 The 1ot oeP par s aponaRigibdrce AREARIA RUEY N INIBN NS Rlerihe

physi cal regissuete 8stdrvadsespeclalidnd psrc2 of the physical nicro-ops from
the ROB register file 82. The reorder buffer 42 transfers the result data
val ues and the valid flags fromthe specified ROB entries over the source

data bus 58.
The physical register destination PDST of each reservation station entry

RSO through RSy specifies a ROB entry in the reorder buffer 42 to hold the

15  speculative results for the corresponding physical micro-op.

The physical register sources PSRC1/PSRC2 of each reservation station
entry RS0 through RSy specify the ROB entries in the reorder buffer 42 that
are assigned to hold the source data for the corresponding physical micro-op.

20  The dispatch circuit 38 uses the physical register sources PSRC1/PSRC2 to
detect write back of pending source data from the execution circuit 40 to the

reorder buffer 42.

The dispatch circuit 38 receives the source data values and
25  corresponding valid flags over the source data bus 58. The dispatch circuit 38
transfers the source data values and valid flags into the SRC1/SRC2 DATA



station entries assigned to the physical micro-ops pmop_U tnrougn pmop_o.

10 The reorder buffer 42 clears the valid flags of the ROB entries
specified by the physical register destinations pdst of the physical

m cro-ops recei Ve?{&x‘éeéoxﬁ@dm%ﬂﬁaﬁlagﬁiﬁﬁﬁ‘a&oﬂﬁ%négr boRE of B SiRfrcPHbfaer 42

clears the valid ags to indicate that the corresponding result data val ue

i's not vaki d vidlids! fok Rereddrvatien @edtidronbld emtey is #¥alil] tesdipatchr €rulit 38 f or
t he physical mcro-ops. The reorder buffer 42 then stores the | ogi cal

regi ster destwaits foorhe exduvmtionasircmitr detosexeantd prewiausht dispatdwedgdiysicel del t a
values into the corresponding fields of the ROB entries specified by the
physi cal regiRiced-ops anfligeneeate the reqydreglpsourgmdatacvalues. cr o- ops. The 1 ogi cal
regi ster destination in the LDST field of a ROB entry specifies a conmtted
state register in the real register file 44 for retirenent of the

corr espondi ng ROBTRRLypardl Eirk &0 48 HhoftitbisGhe Phys REPHEIS il AIRE drfSU! L S

fromthe execution I'r Cul over the wite back

resul t ofgt hend Rsultb U SANCUXBEMS®S cikclie 20 Writdaback/ Adsu@t ddtd vaRlids@spondi ng
valid flag, a physical register destination, and exception data. - 29 -

The reorder bhd feordébuffar4 Iffaephvysidat régister destinationforothd Fesultbes 62i on
circuit 40 into the ROB entries specified by the physical register
desti nat i ons comresprndsdeithe physicairegister destingtion ofipendingsatroe datatfoe ar esul t
data val ue and . . ) .
reservation station table entry RS0 through RSy, then the dispatch circuit 38
receives the result data value over the result bus 62 and stores the result data
15  wvalue into the corresponding SRC1/SRC2 DATA fields and source data valid
flags. The dispatch circuit 38 dispatches the pending physical micro-ops to the

execution circuit 40 if both source data values are valid.

Figure 9 illustrates execution units in the execution circuit 40 that
20 execute memory load and memory store micro-ops for one embodiment. The
execution circuit 40 comprises a load execution circuit 150, a store execution

circuit 152, and a fault status register 154.

The load execution circuit 150 receives dispatched load memory micro-
25 ops from the dispatch circuit 38 over the micro-op dispatch bus 60. The load
execution circuit 150 performs the specified load memory operation by

accessing the bus interface circuit 22 over the memory access bus 74, and then
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file 44 for opne,e i . g‘? .1 real register file 44 inplenents a set
of commtted @Pgtsémrggélgg%f% Esa%ghddld commtted result data val ues. The

conmtted state registers in real register file 44 conprise a
floating-point register file 120 and an integer real register file 122. 20
The conmitted statFherlogd ixesistidiutireuit d60nwiites daule Snfdrmation inite the fault
architectural registers of the original streamof instructions. For one
enbodi merit0, tdtetusgagister 484 ondy i theghisrep ganerating the faulyirdormation és 44
conprise the , .EBX, ECX, and EDX regisiers, geic, and,architectural_ flags
of the Intel PFehthadanyfeuthi %rmtf&@g%é y,4kerkin the aPé*gﬁ*%'i"ér’egﬁsF"éal?ﬁ-
receives the physkcal .nicro-ops.. hysl.c
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relation to the micro-op corresponding to any valid fault status in the fault

status register 154. The load execution circuit 150 determines the relative age

15  of the faulting micro-op and the valid fault status in the fault status register

154 by comparing the physical destination of the faulting micro-op to the

physical destination stored in the fault status register 154. The physical

destinations reflect the relative age of micro-ops because the ROB entries in

the reorder buffer 42 are allocated sequentially to incoming physical micro-

20 ops in the sequential program order.

The store execution circuit 152 receives dispatched store memory
micro-ops from the dispatch circuit 38 over the micro-op dispatch bus 60. The
store execution circuit 152 performs the specified store memory operation to

25 the bus interface circuit 22 over the meinory access bus 74, and then signals
results over the result bus 62. If the store execution circuit 152 detects an

exception such as a page violation during the store memory operation, then
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- 30 - reads bheptioANtHd pHysitAtdestingiion ef thespeaofopedalming ltke pkoeption) and
regi ster sources psrcl and psrc2 of the physical mcro-ops fromthe
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The real register file 44 transfers _the commtted result data val ues from
the commi t? edfabstatuscipgister 154 enlyHé the migrosop generating feeltdvéamtaﬁ@n
source data bus 58. The real register. file 44 also.transfers valid flag
For each comii8e ety fath Tarmetion abadie@sid i WS Falf ftabi "Fitstes o
source data b 58. The valid flags fromthe commtted state registers

al ways indicate’'valid source data val ues. 10 Figure 8 illustrates,
the dispatch circuit 38 for one enbodi nent. The dispatch circuit 38

i npl enents a di spatch table 84 conprising a set of reservation station
entries RSO t hr oughhdRicrdiastbudtizgesaqiencer 30 sdadsntherfauit iRGSnhdticau flonRSy
conprises an entry valid flag, an op code, a pair of source data val ues
(SRC1 / SR2 DieApulistatusregisteoltd nyestheraontrgdregister bus Hadgdhelrsad efthe a pai r

of physical register sources (PSRC1l/PSRC2), .and a physical register. .
desti nation (fapETinformatien bpdhe MICTQIpSTHCtPn sequengess Qﬁl@abﬁo@t@d@jldo%edae_o

t hrough opocode n hysi.cal gi ster destinations pdst_O through pdst_3
for the 20 g\‘f?:él"gé?atﬁf¥?%§t8[)§§§mp_o t hrough prop_3 over the physi cal

m cro-op bus 52, and stores the opcodes and physical destinations into the
reservation station entries RSO through RSy assigned by the all ocator

circuit 36. The difpaiCho sllustrltés SInahoe 1oy afsorahﬁtﬁ@ucegdah@n{ fie t he
physical mcro-ops Into the reservation station entries RSO t hrough RSy,
and di spatxheprochssor dadyr one embodiment. The retire control circuit 46 checks for

exceptions during retirement operations.

At block 300, the retire control circuit 46 tests the exception data fields
of the retiring ROB entries on the retirement bus 64. At decision block 310, if
20 the exception data of a retiring ROB entry specifies a software trap, then
control proceeds to block 320 to process the software trap. Otherwise, control

proceeds to decision block 350 to process other exceptions.

The retire control circuit 46 processes software traps starting at block
25 320. For one embodiment, software traps include data breakpoints and single
. step traps via a debug register of the processor 12. At block 320, the retire

control circuit 46 retires intervening ROB entries until a ROB entry having an



25  physi cal trp.casl pretire thepext ROBenGy atiEQM, @s xell 25 any inteyening ROB,p | s
ready when the source data is fully assenbled in a reservation station
entry. - Tefhe entry valid flag indicates whether the corresponding
reservati? station entry RSO t hrough RSy hol ds a physical mcro-op

awai ting dispatch. The op code specifies an operation of the execution unit

‘circuit 40 for 5 THeieafR S btk IBOC tHe @piré Bonti6l Eiffuiespabelitsithe eser vat i on
station entry RSO t hrough RSy. The SRCl/ SRC2 DATA fields of the reservation

station entr irefird8ent o thegtexRestitng RQhentryundbe daquentidl wadef.oThe metire
correspondi ng physical 10 mcro-ops. The correspondi n?Rsource, dgtya val i d

flags V i ndi congrohsisenisd6aberts dhe setirgment of the subsequent ROB enfgiep bydneta
regi ster destination PDST of e reservation.station, entry RSO,.t hf ough RSy
Cpcities o ResaBEPyerRpdiee Pafd #i Hlel the FhsR gl niR Y AR et O Ve
results far t : ' ' ] Lcal  Eaglster
reoul 5 T HSRSREAES R ke B LT R ak
specify the QAEF hR%itkfutd1Gef BRI I IsO Yt bRICk 430! Hidt relire casi9bIdARhif 46 hol d
the source data for the correspondi ng physical mcro-op. 20 The dispatch
circuit 38 udssuekthe pbgtsitcahtrobgigabE?0 so haltabe RSRCHINSIREErctodastreatn Wit e
back of pending source data fromthe execution circuit 40 to the
and to clear pending micro-ops and speculative result data from the out-of-
order execution pipeline 220.
15
Thereafter at block 340, the retire control circuit 46 transfers an
exception vector to the microinstruction sequencer (MIS) 30 over the

exception vector bus 92 that specifies the software trap.

20 At decision block 350, if the exception data of a retiring ROB entry
specifies a software fault, then control proceeds to block 370 to process the
software fault. Otherwise, control proceeds to decision block 360 to process

other exceptions.

25 The retire control circuit 46 processes software faults starting at block
370. For one embodiment, software faults include page faults, memory

protection violations, illegal instructions, and lack of privilege. At block 370,
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reorder buf f eMo}issuingcorrasponding valid bits nyer sheratire control bus 70 Fhea val ues

d 25 di lid fl th dat.a b 58, T di tch
clroutt 58 1 aRones SoNEnbien pE Rt el s R S e Retig et P ©
SRC1/ SRC2 BATA intei. $he refiledohird¥kcaft WeGSsi 2R kRe \‘é’gt%:q cfoln?t%l fsiﬁ‘laf’% Q% hfte
new y al |l ocat reservation station entries assigned to the ysi ca

‘m cro-ops pmlﬁh@iﬁc'&hﬁﬁghnm&ié’n strbarh xS RUEIe S é{f\ding&hi&ofdp%%d ndi cate
that one or both of the source data 5 val ues Tor a reservation station

tabl e entry i speaulativalresultedata Fparhcthe ciut-ofiord&Bexaaution fpipelihe 22kecut i on
circuit 40 to execute previously dispatched physical mcro-ops and generate
the required source data values. The dispatch circuit 38 nonitors the

physi cal register destipations on 10 the result bus, 62 as the execution
i Toutt 40 writes bheleafigsal blogh0yle Teara Tl crBitia RuatPBramo. I a

hysi cal ' dest i pat j th |t bus 62 ds tq.th
physi cal P8g; BrEPHRENSRG: tecthedPioseiabiEan adilenter 38eyERARF S3eimian on
station tabl e gqbf pulOPthiy gmeB%(?sémQreggaudlspatch circuit 38 receives

the result data vaFue over étpﬁe result bus and stores the result data 15
val ue into the correspondi ng SRC1/ SRC2 DATA fields and source data valid
flags. The dispatch circuit 38 dispatches the pendi ng physical mcro-ops to
t he execution circétdedidianfblbdt B6G; afithecreting coradlimiscuilr46 detlerid.an

asynchronous event while retiring a ROB entry, then control proceeds to
15 Dblock 364 to process the asynchronous event. Otherwise, control proceeds to

decision block 362 to continue the retirement operation.

The retire control circuit 46 processes the asynchronous event starting
at block 364. For one embodiment, asynchronous events include hardware
20 interrupts, machine checks such as parity errors, system management mode
interrupts, and non maskable interrupts. At block 364, the retire control
circuit 46 retires intervening ROB entries until a ROB entry having an EOM

flow marker is detected.

25 Thereafter at block 366, the retire control circuit 46 aborts the
retirement of the next retiring ROB entry in the sequential order. The retire

control circuit 46 aborts the retirement of the subsequent ROB entries by not



Figure 9 il udtPlack368, e retismcomirql SiscHitidgdssues the restanticoptral siggal B fo o9

execut e nenor : . LG O- : .c%;&t he
execution ci ré&#tﬁﬂ gdﬂ %p%éugﬁﬁégﬁée&fﬁg egf gﬁlaineglrgggll a st%?&e-
execution girgpeduldive ré30ft dath TBrh thé @hﬂ-‘éf—bﬁ&éﬁé@&:uﬁéﬁ-piﬁ@ﬂ%é oggl execution
circuit 150 receives dispatched |oad nenory mcro- 25 ops fromthe

“di spat ch ci r cThereafteputebldch868) theaetipe chrdraltatruiigd fiinsféisean esckpeivacut i on
circuit 150 perfornms the specified | oad nmenory operation by accessing the
bus i nt er f aceves¢tor t¢ themiowinstructionseguenees Sxavestbe paceptinh vedear bus 9233 -
transfers resylts angd exception data over the result bus 62. If the |oad
execution ci r atispeeiies dhe apyncisoRouSBY&Ndn such as a page viol ation during
the | oad nenory operation, then corresponding fault information is witten
to the fault status register 154 over a bus 160. The fault information

i ncl udes e 5 Ty sIAY . i QR i :
“destinati ?)Q for the mecfro %ggggﬁgﬁﬁgfﬁa‘hg{%??gg??%r@ ggﬁghgje\g/g%{?éd&g‘}il%h

i ndi cati ng t hadfeiehee kapécifié akdifiplady efitbodambhtsSthetdof. MEWil} Rbwdbeé, be val id.
The | oad execution circuit 150 wites fault information into the fault 10
stat us regi st evidebtlthatlvariolus trhedificatiorsopnd) ehangdsi mgy theemfadel theietd ovithaduton
is older than any fault information already stored in the fault status

regi ster 154, deparingdrom;the bregdar $pirithand scone ofcherinyeptien as set forth ime

'nstruction s reea%rf)]elnged claims. The specification and drawings are accordingly to be

15 regarded as illustrative rather than a restrictive sense.



relation to the mcro-op corresponding to any valid fault status in the
fault status Jegi s‘%er t&}gé The | gad.execution circuit 150 determ nes the
rel ative age %5 fnethod;for CPPTNANNG EXCEPHORS IR R.PIACESSQTs CRIPPrisingithe |
the fault tastg%s&egi ster 154 by conparing the physical destination of the
faul ting crge p to the physical destination stored in the fault status
"register 154. The l ; At d i

m cr o- ops because f?{%}éﬁ{&%ﬁ é%tqﬂdé@i dﬁfﬁt& ﬁleéféedgrag{egr Fﬁﬁfs?ﬁé{ﬂfdf\l?rrgggdln?%(r:%?réd
sequenti al | y the ihste@etidi0sREIRI @M pridiAg @-se2fds ofdpstruttiédde sequential program
order. The store execution circuit 152 receives dispatched store nenory

m cro-ops from t hgedemsimgchrasultcddta vabieoard anlexceptiorodata hlspdoréadbus 60.

The store execution cjrcuit 152 perforns the specified store menory
operation t o ipsfructigfeby gxequiing ¢APANBITREPR AccOTging t RYARRIER, OLAXERNOB Us
74, and then signals results er the result bu .. 1f the store cution
ittt 185" GRaRfe ud Bish R rheh ol the sedBo iR mrcestcerBief e R AR or o
menory oper atj,on, - s sPOLifi6s L ranb bk tes] fﬁg‘fﬂ. s .Witten
to the fault ésalgﬁellteﬁé%febd]l g%tgré?gisgve]rl ap')gﬁg 1%? ad‘lékeengﬁ?t nfsgprcr{g?on
i ncl udes t he HRSER 3N aﬁ@pggﬁ; causi ng the exception, the physical destination
of the mcro-op causing the exception, and the valid bit. The store
execution circuit cobdnitting else fesultt datafvatuest tocm ardhitettuealSstatef ofife st at us
register 154 only if the mcro-op generating the fault information
processor in the sequential program order;
15 fetching an exception handler to processes the exception if the

exception is indicated by one of the exception data values.

2. The method of claim 1, wherein the step of fetching an exception
handler to process the exception comprises the steps of:
20 halting the instruction stream;
aborting the commitment to the architectural state of the result data
value corresponding to the exception;
transferring an exception vector to a microinstruction sequencer, such
that the exception vector specifies the exception handler to process the

25 exception.



is ol der than any l?ﬂ[}f‘g_t?‘ﬁfiB‘?tﬁ‘é‘?tti%sgfe?rBédy stored in the fault status
register 154. The JHo?fiﬁg'lﬁé E%&iggeéggi’mcﬁcﬁgctb?ﬂ%ﬁat%% tha el RGP maLi on

from1l0 the fault statts reql over e control reglister bus 94.

The read of thaubapkdurtRGUMRhO Rt BRI VHIGE Qbﬂ@&;s&cdihgrto&ﬁel&e@;ﬁio@&
clears the valid bit in the fault status register 154. Figure 10

“illustrates aheedejadntislrprogeardicrdei;ng exceptions in the 15 processor 12
for one enbodinment. The retire control circuit 46 checks for exceptions
during retirement topesferringnan extepbtiosckecd®Oto 2 Imeicrainstractiemsequercer,cuich 46
tests the exception data fields of _bhe retiring ROB entries on the
retirement bubabthe gxcepipnyiestorspecikies the exqephign handlerdocprocess gt a of a
retiring ROB entry specifies a software trap, then control proceeds to

bl ock 320 to ‘B?CSBég@' the software trap. Ctherwi se, control proceeds to

deci sion {l ock 350 to process other exceptions. The retire control circuit
" 46 processes software traps starting at bl ock 25 320. For one enbodi nent,

software trapg inCﬂW&eﬁiﬁcﬁoPélSﬁKﬂofﬂtﬁeﬁé&n?iigﬁ@lh&héts%})stdeapS via a debug
regi ster of the processor 12. At bl ock 320, the retire control circuit 46

retires interveni rfgtcRO entasymchrondus everiROBnetier 4o peodesspsam asynch8éneusEOM
flow marker is detected. The retire control circuit 46 issues valid signals
event if the asynchronous event is detected while the result data values are
committed to the architectural state of the processor;
15 aborting the commitment to the architectural state of the result data
values occurring after the result data value corresponding to the

asynchronous event in the sequential program order.

5. The method of claim 1, wherein the step of executing each instruction
20 according to availability of execution resources and source data rather than
the sequential program order comprises the steps of:
generating a set of micro-ops for each instruction such that the micro-
ops specify a function of the corresponding instruction, each micro-op
comprising a flow marker that indicates a beginning of the corresponding
25 instruction or an end of the corresponding instruction;
allocating a reorder buffer entry to each micro-op according to the

sequential program order;
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over the reti velueoforreath misrorOp tintor thei qograshendioR weorder bptfed éntipng t he
software trap, and to retire the next ROB entry at EOM as well as any
i ntervening ROB entries. 5 Thereafter at bl ock 330, the reti re control

circuit 46_aborts |re t, O ene retlr ry i e
sequent i al® or fer . {FH "3%‘ c,c?fﬂ’tnr IW Frreé’h ‘Efo“r&mf rF%‘ﬂéﬁrfaof

"t he subsequen @Q@ ri over the
retire centrof' us_t‘sg.}‘ afﬁ@"%%%r?gt&tﬁgm%@é rpggﬂgggqu&{&aqﬁééﬁ%g updat e
the architect gfddr do r'iéé?%é’?te@?'owr@édxﬁg tREYeSHHBE buffe £ BALRGLIHIRL Tegister.
Al so at block 330, tHe retire Control circuit 46 issues the restart control
signal 90 to $eajuentinbptopeeri drdler ant rraisferdingt theaeswlo datovaluesko pendi ng

m cro- ops and specul atlve result data fromthe out-of- order execution

pi pel i ne 220. carBesPoading temmitted|apckiteharal stage registee control circuit 46
transfers_an exception vector to the mcroinstruction sequencer (MS) 30

over the @(ception vector bus 92 t hat specifies the software trap. 20
At deci si on b%ock reti

h of
specifies a softwar Fﬁuh?é Fﬁ@ﬁg M a\th ceé‘éaéln?rblso? BB&W%C%ff‘QE rb‘ﬁ/%cess
the software {adldin thd Et%b%fsf@tch%g‘“chegft%eﬁijﬁdlEPt@?%ék@&@éﬁﬁgﬁgﬁo to

process ot her exceptions retire cont circult
processes softomaprsdsatietssepstafr ting at bl ock 370. For one enbodi ment,

software faults include page faults, nenory
halting the instruction stream;

15 aborting the commitment to the architectural state of the result data
value corresponding to the micro-op causing the exception;
transferring an exception vector to a microinstruction sequencer, such
that the exception vector specifies the exception handler to process the
exception. |
20
8. The method of claim 6, wherein the exception is a software trap and
wherein the step of fetching an exception handler to process the exception
comprises the steps of:
halting the instruction stream;
25 aborting the commitment to the architectural state of the result data
value corresponding to the micro-op having the flow marker that indicates

the end of the corresponding instruction that caused the exception;



protection vi 8XeaAt®Rs, illegal instructions, and lack of privilege. At
bl ock 370, . - 36 - the retire control circuit 46 aborts the retirenent of
the ROB entry specifying the software fault, and aborts the retirenent of

ot ro controf bus DPHEof Rl RO RRBUSAPRV Ocgyl MR HIRE "

retire control bus s are n used‘to at® the

"architectural instieahé 8 RichiRPiaRtifitrudtith steédrhaceordfingho @i sequbhtifl i ssues
the restart control signal 90 t0 halt the incom ng instruction stream and

to cl ear pendprugrainconierpthenimdtrapicn streamecaneprising dasexidsrafninstractions;
out - of -order execution pipeline 220. Thereafter at block 380, the retire
control circuit 46mepnhigregenesptinga regltcdataiwlueand@n exseptien data value

' i nst t] 3 th ti tor. b 92.1
Speci 1165 1 holEGREIANERGIAn Y RFCHIOBR BN BT EPOmERcoRngHD $aIPPIE O 1 o

.. . d i I I .
Control pibcobieighPefSURTARN e EXER] et A Eire colefusl BroRRgraeb ™"

Qtherwi se, cogidiPthaPeR&ieed&eptidndesth VaRie dPeeitles35Rether G EbrispIndeng
retirement operation. The rétire control ‘circuit 46 processes the

asynchronous msenictioh aatsesgamexddption; 364. For one enbodi nent, asynchronous
events include hardware 20 interrupts, machine checks such as parity
errors, system mar@ganefar casmittingdpe gptudt datadvalyas maraschitechenal stage of At
bl ock 364, th% retire cont{\ol .
the processor in the sequential program order;
15 means for fetching an exception handler to processes the exception if

the exception is indicated by one of the exception data values.

10.  The apparatus of claim 9, wherein the means for fetching an exception
handler to process the exception comprises: |
20 means for halting the instruction stream;
means for aborting the commitment to the architectural state of the
result data value corresponding to the exception;
means for transferring an exception vector to a microinstruction
sequencer, such that the exception vector specifies the exception handler to

25  process the exception.
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circuit 46 reti resm@gﬁﬁfd&eng]ﬁggm iABfrti@sn Yftkhm; a2 ROB entry having an EOM
flow marker is detected. 25 Thereafter at block 366, the retire

control circuit 46mebmy far dbeetingtthe eonmhitmient be thexichitetfurahgtafe®F gt ry in
the sequential order. The retire control circuit 46 aborts the retirenent

of the sulbseqresnit QOB vehtesiozsutringafter the-regglt -data yaluegcormaspesgimgdiontheval i d
.bits over the retire control bus_ 70. The aborted ROB entries are not used

to update theeXepHpndaithe sequeniial pEeg@M PEF¢fier. Al so at bl ock 366, the

retire control circuit 46 issyes.the restart co t'Fn?l si gnal ﬁ_g to halt the
ncom ng i nstruct | BRERY fEARDNCINE o7 SXFRIAMVRUORY A iR caon |

specul ative r I a = 0f - | | '

Thereafter at &@;ﬁgéﬁ&f%%@d{ { 21 df'é;? f%?n(? gn‘{ér%?)(#egcae??&ﬁ{ hﬁgatﬁaﬂa% gé%gdlgﬁf)o
exception vegﬁwceésqn@f&céﬂmgi nstructi on sequencer 30 over the exception
vector bus 92 that specifies the asynchronous event. 10 In the
.foregoi nglspeci fication the invention has been described with reference to
specific exerrfl ary enbodi nents thereof. It will, however, be evident that
vari ous modi f12at i Bresapparabisofgdainny fusthereepaprigingt o wi t hout departing

fromthe broader spirit, and scope of the invention as, set forth in the
appended cl ai ms. %ar?pf&‘fir}ﬁcgﬁlﬁpﬁrhaém Pﬁ%%g&e'&;}&%%m’mvem%e 15

regarded as iAst?Mo?\ELX%vE&E {15he taQ?Hcﬂowaﬁg V&R KCIREARE while the result

data values are committed to the architectural state of the processor;
15 means for aborting the commitment to the architectural state of the
result data values occurring after the result data value corresponding to the

asynchronous event in the sequential program order.

13.  The apparatus of claim 9, wherein the means for executing each
20  instruction according to availability of execution resources and source data
rather than the sequential program order comprises:
means for generating a set of micro-ops for each instruction such that
the micro-ops specify a function of the corresponding instruction, each micro-
op comprising a flow marker that indicates a beginning of the corresponding
25 instruction or an end of the corresponding instruction;
means for allocating a reorder buffer éntry to each micro-op according

to the sequential program order;
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conprising the steps of: fetching an'instruction”streamaccording to a
sequenti al peagdyam order, the instruction stream conprising a series of

i nstructions; generating a result data val ue and an exception data val ue
for each bnstruction by executing each instruction according to

avai lability of execution 10 resources and source data rather than the
sequential pRégr akhempparatys ef claiax 1% whereire the mgany feracoramittingothe f i es

Fosul't data (LA AblocH PP ERaF R Pfghe BiGcro Boti ety
tial . ) f i i A .t
o ocesses t hBrara SRR comitises means B FohdIAg M. FXRRE BAfrch BREIA il e

exception dag déﬁ'ﬁﬂlagroréam ordE? @ nieirbRdeRingCihai rebdit QLY EIRsthQ Step of

fetching an exteptio ndl er to process the exception conprises the steps

of: 20 10 corréPonidigg tomitetrarehitedtusi seAeregibert i ng the conmitnent to
the architectural state of the result data val ue corresponding to the

exception;
15.  The apparatus of claim 14, wherein the exception is a software fault and
wherein the means for fetching an exception handler to process the exception
comprises:
15 means for halting the instruction stream;

means for aborting the commitment to the architectural state of the
result data value corresponding to the micro-op causing the exception;

means for transferring an exception vector to a microinstruction
sequencer, such that the exception vector specifies the exception handler to

20  process the exception.

16.  The apparatus of claim 14, wherein the exception is a software trap and
wherein the means for fetching an exception handler to process the exception
comprises:

25 means for halting the instruction stream;
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of: halting the®instruction stream " aborting the commtnent t

archi tectural prodéss tRé ek&g,tfoq,ﬁsult data 5 val ues occurring after the
result data value corresponding to the exception in the sequential program
order; transferring an exception vector to a microinstruction sequencer,
such that the exception vector specifies the exception handler to process

t he exception.l710 A processps, RRPRHEINGF claim 1, further conprising the steps

of : fetching an asynchronous gvent gla jler t 0 _procegsses an .asynchrgnous
event i1 the asynchramicas Bpeline coupBdder sammbnicating el a Bodk kg e ues
1 t.t,ed t ' |, _S; ] : :
Sborting Re it LA FRINAD arribehficton SBEaR MG ost By accprgine
val ues occurrigg @fquehtibiNSrdpesi!drddattRe YRdtHA N StAHPO RO} st b Reries of

instructions;
execution circuit receiving the instruction stream from the front end
pipeline, the execution circuit generating a result data value and an exception
15 data value for each instruction by executing each instruction according to
availability of execution resources and source data rather than the sequential
program order, such that each exception data value specifies whether the
corresponding instruction causes an exception;
reorder buffer receiving the result data values and the excepﬁon data
20  values from the execution circuit, the reorder buffer buffering each result data
values in a speculative state;
retire control circuit reading the result data values and the exception
data values from the reorder buffer committing each result data value to an
architectural state of the processor in the sequential program order, the retire
25  control circuit causing the front end pipeline to fetch an excef)tion handler to
processes the exception if the exception is indicated by one of the exception

data values.
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asynchr onous iastend¢tiomstréem ssquabdrtsathepcasgmitmentder the Jarchitecthel skt of thé
claim1, wherein the step of executing each instruction 20 according to
avai | abi | i ty resulbdatauvalup comesponding 40 dhe sxgepdionand transters an gxception

tial d I, t he st f: atin t of
1 G 0- 0ps 5 OrVeERE RO BIGTRE OIS IGH SRAVREET Hrabe XEPIon poindiERFd BY omeitot i on
cro o i i poineied c
Chat i ndi cat S0 BSEioR I VB OB A ke oo D, T2 B

of the Corre%aéé}ﬁi&ghémkfwgk&a'ss_ fld @eRptiBA ahd' &RIsESthO UliERin®Aldonl O each
m cro-op according to the sequential program order; - 40 - executing

each m cro- opgequaredtaisstio assediel @b iekcaptionf handler instructions uo ¢hs exdtutida
processor, and storing the result data value and the exception data val ue
for each m ceircaid- i nto the corresponding reorder buffer entry. 5 6.

The nethod of claimb5, wherein the step of commtting the result data

val ues td%an architectural state of the processor in the sequential program

order COTPr158° RSB of a8, ARRIA SRl R i
correspondi ng GAIPEh! #fbad GRYtBEHYRE BhAhRMEAT S tRE ardHitectural state of the
result data values occurring after the result data value corresponding to the
exception in the sequential program order and transfers an exception vector
15 to a microinstruction sequencer if the exception is indicated by one of the
exception data values, such that the exception vector specifies the exception
handler to process the exception and causes the microinstruction sequencer to

issue a series of exception handler instructions to the execution circuit.

20 20. The processor of claim 17, wherein the retire control circuit tests for an
asynchronous event, such that the retire control circuit fetches an
asynchronous event handler to processes the asynchronous event and aborts
the commitment to the architectural state of the result data values occurring
after the result data value corresponding to the asynchronous event in the

25 sequential program order if the asynchronous event is detected.
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7. The met hqqnaiorp-bﬁhﬁa Eorr eg?ggpir{s&m%ﬁp&mmi&oao ebipRistng a4ldwand

wherein the step of fetching a tion handler to process'the “exception

conpri ses the sh&ker elat iRdichtedad bé?nhmgt ofutiel rrespbRdinig ikstruction or aabeénd i Ng
the conmtnent to the architectural state of the result data val ue
correspondi Bg tof théreomespandipg dastsuatipn, hedewbenein tme fronhestgripelige atlocates
.exception vector to a mcroinstruction sequencer, such that the exception
vector specifi @8 ety isxthepeprderthuffer dp epeh pristasep acerrding &pthersequeptial

The net hod of cl ai m6, erei.n_ the exception_.is.a software trap and wherein
The Tren or °f e PERBTIE: GFiah By thah the SACOHOR F Sl ReE eh Sogh SRar-OR. and

compri ses the gl e0sual ool dat NGa RIS AN HELD A HELoMeTBr each micrPB9" L1 N9

t he comm t ment e arc ect ural resu a value

correspondi ng §QoltAe cBkfek (')rﬂﬂng%Y\it il {R debf¥érMRifk@! that indicates the end
of the corresponding instruction that caused the exception; - 41 -

transferring an exception vector to a mcroinstruction sequencer, such that
t he exception vector specifies the exception handler to process the
The processor of claim 21, wherein the retire control circuit reads the
entries from the reorder buffer in the sequential program order and transfers
each result data value to a corresponding committed architectural state
register.
15
23.  The processor of claim 22, wherein the exception is a software fault and
wherein the retire control circuit halts the instruction stream and aborts the
commitment to the architectural state of the result data value corresponding
to the micro-op causing the exception and transfers an exception vector to a
20  microinstruction sequencer, such that the exception vector specifies the

exception handler to process the exception and causes the microinstruction

sequencer to issue a series of exception handler instructions to the execution

circuit.

25 24.  The processor of claim 22, wherein the exception is a software trap and
wherein the retire control circuit halts the instruction stream and aborts the

commitment to the architectural state of the result data value corresponding



exception vector to a microinstruction sequencer, such that the exception
exception. 5 9. An apparatus for coordinating exceptions in a
processor, conectar spgcifiesthe ekcapticat bimdigr tmprovess the exneptionemnd causes dheg
to a sequential programorder, the instruction stream conprising a series
of i nstructd ormicraiggtraiction sgguencer ithdssieraseies %@@W@pﬁmﬂeam&mon
data value for each instruction by executing each instruction according to
availability oP t?‘@ exegutn, £ireMtr esour ces and source data rather than the
sequential program order, such that each exception data val ue specifies
whet her the correspondi ng instruction causes an exception; neans for

comi {1 ng t heysf eSuhl, a8l ehikC1A ARl BRFLACAYOR! @l OborhBRses a

processor int e sequ program or ; . neans for Tetching an
excepti on hanghgmolby eRéQRRTSE@cUIP eha Rkt Todd ahH&tépeCipRtruefiohs thadi cat ed

by one of the exception data values. 10. The apparatus of claim?9,
wherei n th® mmaasotpexégition dguingenerapng arfabkirstites if an exeaeton dhe load or
exception conprises: 20 means for halting the instruction stream

means for abora $toge irséructioni canees a meempry excepption: the memort exasutioheciraadil t
data val ue corresponding to the exception; rreanf for transferring an

excepti on vectsépringthe fAudt gatis carresPoRding it ofdest iead opstore astEuetigh iron
vector specif itgg sgc?t?en%a? %?-E)igr%rr]n rc]f'ricri]éjrl, 8hct! fhatthe FRIRSERES tpqgv%g ?ngliton'
information for the exception handler.
15
26. A computer system, comprising:
memory subsystem coupled for communication to a host bus, the
memory subsystem storing a set of instru'cti_ons;
processor reading the instructions over the host bus according to a
20 sequential program order, the processor generating a result data value and an
exception data value for each instruction by executing each instruction
according to availability of execution resources and source data rather than
the sequential program order, such that each exception data value specifies
whether the corresponding instruction causes an exception, the processor
25 committing each result data value to an architectural state of the processor in

the sequential program order, and executing an exception handler to



- 42 - 11. The apparatus of claim9, wherein the neans for fetching an
exception hargl er THe fSAPRES sybRneSE eRlM®ME, Wiereirs it provassorf @@mprbéd:ng t he
i nstruction stream neans for aborting the conmmtnment to the architectural
state of the 5  rfeontl éndpipelinel conplat éar commuai¢ation beer teuhostdatsa thal ue

. corresponding to the exception in the sequential program order; neans for

t r ansf er ri ng frontesrsk pipedineveading the instinetiensrevearude; kast bugaeremding sadhe t hat
t he exception vector, specifies the exception handler to process the
exception. 1@eqventialynogEBArdelis of claim 9, further conprising: means for

f hi h ) handl hi
[ the Ssynchr onodseayim Sreasrares e PRECREReR NN RS are
commi tt ed toﬁi@@li@éﬁﬂé%ﬁ@éﬂ ciﬁaﬁf]geﬂéra&hgltﬂéQsﬁﬁﬁa;aia ¥a@lue and the TeaNS for

aborting the‘commtment to the archPtectur state of the result data

val ues oqour lekbBéptadr Bhtal ellub §6¢ kichlidisBru¢Bbh dycéNecasipg edch gniteudtih
asynchronous event in the sequential program order. 13. The appar at us of
claim9, wherecordimg torewnaitability efxeocaution reseicedOand ssurcactatamather thati ng t o
avai lability of execution resources and source data rather than the
sequential ptheseqnentisdpregiapn osdef; neans for generating a set of nicro-ops

for each instruction such_ 1 hat .
reorder %uffter receiving the result data values and the exception data

values from the execution circuit, the reorder buffer buffering each result data
15 wvalues in a speculative state;
retire control circuit reading the result data values and the exception
data values from the reorder buffer committing each result data value to an
architectural state of the processor in the sequential program order, the retire
control circuit causing the front end pipeline to fetch the exception handler to
20 processes the exception if the exception is indicated by one of the exception

data values.

28.  The computer system of claim 27, wherein the retire control circuit

halts the instruction stream and aborts the commitment to the architectural
25 state of the result data value corresponding to the exception and transfers an

exception vector to a microinstruction sequencer if the exception is indicated

by one of the exception data values, such that the exception vector specifies



to the execution circuit.
the m cro-ops specify a function of the corresponding instruction, each
m cro- op corrpri sing a flow marker that I ndi cates a begi nni ng of the
correspon nstruction

di
e PorsL 2>, TR iy Syt o iam 27, WiherdR e RARS kbl Bkt °r
the Seque”t | @k ﬁgb&;t}@ %E{Str%ecuat Z’a%bortgeattsc&ﬂtmﬁésﬁyta B sﬁmemtﬁsp op

accordi ng to avai 'on resour ces cessor,

storing the Eeﬁﬁbt t}ﬁjé‘féultaaééﬁ’v%ﬂ%stdﬁuﬁﬁ@ﬂ’ﬁtépfhed@%éltv&dth‘Q/ai@é cach
mcro-op into the corresponding reorder buffer entry. 5 14 The appar at us
of clai m 13, cyfrespiriihg o MR@BScdpdionCionthetsefjnentidleprogsaiint ordiet andafrasfedso an
ar chi tectural state of "the processor in the sequential program order

conpri ses neanexteptioresditor tod Bemiaroindtruchon sequenver itthe ﬂxqepelosequent i al

pr ogram order and transferring the result data values to a

cor r espohdli nindieadl thyeenaptie @ceptian dgfaay@lu%@tghéhat thy exc@ﬁ@“dﬁﬁ&?‘at us

of claim 14, wherein the exce S _a sof ?.u wher | n the
means for fefREAHRS e exceR ‘P“g‘ ag:ﬁa?&roqeas %‘P%E’écse? RS @E@'ﬁef €conpri ses:
15 "EAADi AR AR éé&%e&l?&‘ {o"RES&G Sk ABs BF 'e&BéPtion handler instructions

to the execution circuit.

15 30. The computer system of claim 27, wherein the retire control circuit
tests for an asynchronous event, such that the retire control circuit fetches an
asynchronous event handler to processes the asynchronous event and aborts
the commitment to the architectural state of the result data values occurring
after the result data value corresponding to the asynchronous event in the

20 sequential program order if the asynchronous event is detected.

31.  The computer system of claim 27, wherein the front end pipeline
generates a set of micro-ops for each instruction such that the micro-ops
specify a function of the corresponding instruction, each micro-op comprising
25 a flow marker that indicates a beginning of the corresponding instruction or
an end of the corresponding instruction, and wherein the front end pipeline

allocates an entry in the reorder buffer to each micro-op according to the
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means for aboﬁlf:rr?gjoPﬁrétocg‘r?rﬁan'reesﬁton%nq fe rXruc‘htl Fég?ﬁdreélbusf{earte of the result
data val ue corresponding to the mcro-op causing the exception; neans for
transferring an exception vector to a mcroinstruction sequencer, such that

the exceptson3y.ect Phe ebfPuUteesystéia exelain B wherehahelretiZd conRoPéie&st t he

-exception. 16. The apparatus of claim 14, wherein the exception is a
sof tware trapreadd thbentiies from treareorier baffécin the sequertialpprogratmotieerando
process the exception conprises: 25 means for halting the

i nstruction strensfers each reguit-date anbud o a gboespordingecarpmifitedranthitesturab
architectural state,of the result data value corresponding to the mcro-op
havi ng the f|3Me%€BI48T-t hat i ndi cates the end of the corresponding

i nstruction that caused the exception; neans for transferring an exception
vector to a mcroinstruction 5 sequencer, such that the exception vector

-speci fi esyd hezexcepld Q%Pgn lsgfﬁt of'cfhifr s t»bﬁﬁ:%ﬁ'??f(%é%%ﬂ%?\:is a {ftware

processor, conprising: € pl pell ne. cfoup ( . ni cati on over
host bus, thefal afd WHerBHOtHe RBIrk RBNIRALIrPGit HAlts B THSL LS LHEAN HYer the

host bus according to a sequential programorder, the instruction stream
conpri sing a awrteetheodommmitment to the architectural state of the result data value
corresponding to the micro-op causing the exception and transfers an
exception vector to a microinstruction sequencer, such that the exception
15  vector specifies the exception handler to process the exception and causes the

microinstruction sequencer to issue a series of exception handler instructions

to the execution circuit.

34.  The computer system of claim 32, wherein the exception is a software

20 trap and wherein the retire control circuit halts the instruction stream and
aborts the commitment to the architectural state of the result data value
corresponding to the micro-op having the flow marker that indicates the end
of the corresponding instruction that caused the exception and transfers an
exception vector to a microinstruction sequencer, such that the exception

25  vector specifies the excéption handler to process the exceptior; and causes the
microinstruction sequencer to issue a series of exception handler instructions

to the execution circuit.



i nstructions; execUPEBRryisHbaystemcauRled, for epmmuuiicatian tha hasbbussthem t he

front end pipeline, the e ecutti an cigeg%ift. enetroat ng a result data val ue

and an except i'Bh : s“ﬁaxsge%ﬁ Bg_n\g_c?r SCAMTHRETH _Lﬂ?ti on. by executing each

| nst ruct | oy accor difig, drAYBIHAN d dhsBhcAIRCHIEO RIQBIESR BREBAHIL
er, such tha

data rather than the sequentia rogram or t each exceéption

“data val ue speg@'gf,g@ﬁalvﬁ@glg% dfrcor respondi ng i nstruction causes an
exception; reorder buffer receiving the result data val ues and the

exception data 20 memisufes generatiripea eesuttudatarvatiie andtan exveptieardits valid er
buffering each result data values in a specul ative state; retire control
circuit readi fgr each irssuictiondrynexesutiag eanky insteuctianepedondingatioaa wedlabdity fafom
the reorder buffer conmmtting ta valye to an .a{chi tectural

r;gch resul t dtg

state of the [FXBEHIYbHFEsOHI¢as E]‘E}é'ﬁﬁidéFafPr @’r%hﬂfb’r queRtial programesrder,
control cigcuit sing,the front, end pipeline to fetch an exceptj.on

handl er t&lbpr B&ggﬁﬁt qa%g %?58{5??&??1 Yaﬁ’l‘?épgﬁl ’(?Btvi’la?‘f%fa’é%ﬁﬁ?rcfﬁﬁ%(g‘ddﬂ)gone of
t he exception; 5 = - 18. The processor of claim 17,
wherein the réﬁ%%%tg@n%escaPr%xucfé?tlﬁg1 ts the instruction stream and aborts

the commitment to miendrfeRicbfthitiag thé adsaltodatah@mlnestd hndtkitecHiM® state of
corresponding to the exception and transfers an exception
a processor in the sequential program order;

means for fetching an exception handler to processes the exception if

15  the exception is indicated by one of the exception data values.

36. The computer system of claim 35, wherein the means for fetching an
exception handler to process the exception comprises:
means for halting the instruction stream;
20 means for aborting the commitment to the architectural state of the
result data value corresponding to the exception;
means for transferring an exception vector to a microinstruction
sequencer, such that the exception vector specifies the exception handler to
process the exception.
25
37.  The computer system of claim 35, wherein the means for fetching an

exception handler to process the exception comprises:



5 vector tdesuihdatavalies acensing afienthegesplt data Vé’;&eef)‘frirﬁsr?olnghi‘gl&?é}é"t ed by
one of the. e&&ggﬁi’.ﬁgﬂ iﬁ?ﬁ@sé’cﬁle‘ﬁ‘?ﬁi §H§Hmt‘ I&??ext he exception vector specifies
t he exception ader to pr 1ph

cess g2exceptroéon and causes the

mi croi nstuction %ﬁ&é’r’:’s“fb‘%rtréx%féﬁﬁ-tgﬁiax? &g&oﬂﬁz@ etect%qsratfn@&on%@mc%*on

I nstructions to the execution ci e processor of claim17,
-wherein the rsehiibgces8iidhOthat e bk dephidint wectdies patsfidsitdlel exdeplioe MahdRg tabort s
the conmtnent to the architectural state of the result data val ues
occurring aftprocedsehe escdpticdat a val ue corresponding to the exception in the
sequential programorder and transfers an exception vector 15 to a

m croi nstruction sequencer if the exception is indicated by one of the
exception data values, such that thfg exception vector specifies the

exception had8l er T Gepetes systemeQt eldioty, SHEthER GRBPTISHIL i cr oi nst ruct i on

cxaout 1 oA0i rcu t s TongetcRinge % ARAGRPUT oeal FRRAISF Lo BB A reti o

control i rofbtnpEPhRus eAR RIS PRANOHBLE KFBR 1HER I UNIDIE ThE

asynchr onous qey£0h1 R84 r& Leihsitel @oaBBTiréHRHtural stdie ob ki ptSebstral state of
the result data values occurring after the result data val ue correspondi ng

to the asynchronouseagsdot abortidpetizbcornaitment & ther aghitectaralestatef oft the
asynchronous event is detected. .
result data values occurring after the result data value corresponding to the

15 asynchronous event in the sequential program order.

39. The computer system of claim 35, wherein the means for executing
each instruction according to availability of execution resources and source
data rather than the sequential program order comprises:

20 means for generating a set of micro-ops for each instruction such that
the micro-ops specify a function of the corresponding instruction, each micro-
op comprising a flow marker that indicates a beginning of the corresponding
instruction or an end of the corresponding instruction;

means for allocating a reorder buffer entry to each micro-op according
25 to the sequential program order;
means for executing each micro-op according to availability of

execution resources in the processor, and storing the result data value and the



- 46 - 21. Th f clai 7, . iin the f t d pipelir
generates a s‘*—ﬂ*éof rocg&%%g‘b% ¥)Sﬁtglé%clm§%z§hr%ﬁ“§ﬂ@;ggﬁﬁ§e ??hgﬁl)‘i‘%?@lffggﬁ)ps
conpr 1 3 ng o {ecarHE el Veliet S o Beh et e sFOEsReOL 8 FaSbondi ng

i t ti f | [ ti i th
front end pi ERRRRfa pidera o ERIRARR LG IRAANE tiheofdét HEE! 1 11

m cro-op accQiiipdid thd H&RAHALBS anli’b?&é@iﬂd’ﬁﬂ?\%ferﬁﬂghhﬁ%glrﬂQf’atfxecu"i on

circuit executes each mcro-op, “and stores the result data value and the

exception datvalived téea kofrespsiditigtdommbtted agcHi e tiral sRIP9agisRg. entry in the
reorder buffer. 10 22. e processor of claim2l, wherein the retire

control circuit reads the entries fromthe reorder buffer in the sequential
program order and transfers each result data value to a corresponding

commi t t ed0ar dfi t edhercomputer systegt of elaimi4D, achereinmthe exaeptionds acfoftsvatiem 22,
wherein the exception is a software fault and wherein the retire control
circuit hal t daeli@ndnwherginithe meansder daghingan exceptionhandlese processdhe
architectural state of the result data value corresponding to the mcro-op
causi ng the EXCHHIBROTPIISES:ansfers an exception vector to a 20

m croi nstruction seguencer tsucg.ht hx‘%t tt}e exgception vector specifies the
exception handl er o rﬁr 85&% 75 %}ceﬁ‘tlf o 3“8 Tauses the nmicroinstruction

sequencer to i ssugh@n3qbl aBoRing ¥te B tRARAALS thd BRI tChiraNStat@ of e
15 result data value corresponding to the micro-op causing the exception;
means for transferring an exception vector to a microinstruction

sequencer, such that the exception vector specifies the exception handler to

process the exception.

20 42.  The computer system of claim 40, wherein the exception is a software
trap and wherein the means for fetching an exception handler to process the
exception comprises:

means for halting the instruction stream;
means for aborting the commitment to the architectural state of the
25 result data value corresponding to the micro-op having the flow marker that

indicates the end of the corresponding instruction that caused the exception;



process the exception.

circuit. 25 24. The processor of claim 22, wherein the exception is a
software trap and wherein the retire control circuit halts the instruction
stream and abprts the ¢ itnent t hitectural state of the result
data val ue cogé'espo d‘l“%tgl%m S ﬁc}ogdg?%ﬂgﬁgerxr%ne HS3 P ThaHRE T £ | ow mar ker

- that indi cat essubseardidllyf as hereinbeéapsodesargbed vi thiceferencadio thaised t he
exception and id-8msdngis; @PafrgePti On vector to a mcroinstruction
sequencer, such that "the exception vector specifies the exception handl er
to process the exception and causes the 5 mcroinstruction sequencer to

i ssue a series of exception handler instructions to the execution circuit.
25. The processor of claim 17, wherein the execution circuit conprises a
menory execution circuit that executes |oad and store instructions, the 10
menory execution circuit generating a fault status if an execution of a

| oad or a store instruction causes a nenory exception, the nmenory execution
circuit storing the fault status corresponding to an ol dest | oad or store
instruction in the sequential programorder, such that the fault status
provides fault information for the exception handler. 15 26. A conput er
system conpri sing:
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25 vect or spegif| xcepth_.p handl e-l—t-e—p-lheeee-s—t-h-e—e*e-gptlon and
causes the mcroin seq3g g to ilgsue a series of_exc,ptlon
handl er instructlio execta Bh cirquit. - 51 - 35. A ponput er
system conpri siing mory] subsy$f&m couplled for comuni catifon toI a host
bus, the nenory,su toring a set off instructions; 5 means for
fetching the instr i ons over thekhost bus according to a deqpenti al
program or der; teahs |f or generatighg a result data val ue and|an| exgeption
data value for ¢acp ijnstruction byl executing each instructi¢n pccording to
avai l ability of jexpcytion resourcep and source data rather ghap the
sequential progran orlder, 10 __suchl that each exception datajval uel specifies
whet her the corr’espondi ngl i nstruction cause$ an excepti on; ans for
commtting the fdespltl d val ueg.eeo an architectural statefof|{ a processor
in the sequentigl prdgran or der;ungams for i excepti pn handler to
processes the exceptiqn iff 15 t,ﬁ' é’?(cepti oh i s indicatled by one bf the
exception data Val peqd. The @gput er syg$tem of claijm 35 erfein the
means for fetchingj an ex i rocess the lexceptijn conprises:
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means for halting th for aborting the
commtnent to the arlchitectural state of the result data vjal ue
correspondi ng to thg exceptifon rpea SOl ([ areT el T g an lexception vector
to a mcroinstructigqn sequ@pcef, {sufh |t hat fthe ex¢eption vlector specifies
the exception handl gr to pFgceps |thg gxceptlion. 25 37. The conputer system
of claim 35, wheresn the ans{ 1qr Jetlching an ex¢epfion handler to process
t he exception conpNjses: Qf- 52 |- pedns{fdr halt ng|l t he ijnstruction
stream neans for aforting=fhel cgrmltren{ tlo the frchitectlural state of the
result data values qccurrigg after fng resugrt dat ¢ vl ue clorresponding to
the exception in the sequeBti a Qrogrém brder; 5 & neans for
transferring an exception a¢ctpr [tof a{ni ¢rdinstrugti sequehcer, such that
t he exception vectod specifies| t he pxdeplign hand|er| to prloc@ss_the
exception. 38. Thél CONMpug§ sygtem qf ¢€1dim 35, |further [conprTsing: 10
means for fetching dn asyng rotgrs—eveantrirareh-er—to—pr oceslses an
asynchr onous evﬁﬂlt itf the @synchijonpug eyent is dpt ect ed ig e the sul t
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data values are commtted to the archit

|

ectural state of the processor;

means for aborting the commtnent to tQe architectural state of the result

data val ues occurring after the resul®

data val ue corresponding to the 15

asynchronous event in the sequenti al pﬁogian1order. 39. The conput er

system of claim 35, wherein the neans

according to availability of execution
t han the sequential program order conpf
generating a set of mcro-ops for each

or executing each instruction
resources and source data.rather

i ses: 20 nmeans for

i nstruction such that the mcro-ops

specify a function of the correspondi ng 1nstruction, ¢ach mcro- op
conprising a flow markenq that indicates a beginning of the correspondi ng
instruction or an end off the corresponding instructiofi; nmeans for
allocating a reorder bufiffer—entry to each njcro-op ac¢tording 25 to the

sequenti al program ordeq; ans for executipg each niigpapp according to
n

availability of executi¢n fesources in

t he processor, d storing the

result data value and t e -53- ceptionf data val ug for each mcro-op
into the correspoqg%ng feofder buyk&er entry} 40. The conputeﬁvgysten1of
3

e mpang for cBBmitt

claim 39, wherein o

architectural st-ate-ofpihe| proce
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sequential program order conprises meand f or readi ng the reorder buffer
entries in the sequenti al progran1ordé3 and transferring the result data
values to a corresponding conm tted arétitectural state register. 10 41.
The conputer system of claim 4@ whereir the exception is a software fault
and wherein the nmeans for fetch?ng an ejception handler to process the
exception conprises: neans for Nalting tlhe instruction stream neans for
aborting the commtnent [to the architectural state of th¢ 15 result data
val ue corresponding to the mcro-op causi ng,the exceptiof; neans for
transferring an excepti¢n vesfor tg a nicrdfnsFruct on s¢quencer, such that

t he exception vector sp cifi@; t helexception handl ef to process the
exception. 20 42. The cdirputer Isystam of clLaim 10 erein the
exception is a software|trapgand| wherpin the neans ;y fetching an
exception handle& to prpcessEf hel exceptijon conprijsep nmeans for halting the
instruction streqm neahs f abprting tthe conm tinept to|the architectural
state of the 25 esuli datdglalue cofrespondijng |t of t he hicro-op havi ng t he
fl ow marker that rndicdles t@g epdjof| the corrlesgonfi ng {nstruction that
caused the exception; - 54

@
%\( §
29
Ry

b))
W

VALID OPCODE SRC1/SRC2DATA V

ENTRY

RSO
RS1
RSy

58



means for transferring an exception vector to a mcroinstruction sequencer,
such that the exception vector specifies the exception handler to process

t he exception. &3. A nmet hod for coordinating exceptions in a processor,
subst anti al | y_as herei nbefore described wiih_reference_ta the acconpanying
dr awi ngs.
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ROB kntry

Software

R

Yes l
No Retire
320 ~ Intervening
~ 350 ROB Entries Until
Soft EOM Detected
YeS ware N o
Fault . 1
No Continue
370 Retirement
' ~ Abort
Aizocrt Retirement / Retirement of
of Current ROB 362 Next ROB
Entry and Clear Entry and
the Ou.t-Of-Order ~ 360 Clear the
Pipeline 330 ~ | Out-Of-Order
Yes Pipeline
i Retire Intervening | ~ 364 l
to the Software EOM Detected Direct the MIS
Fault Handler 340 ~ | to the Software
¢ Trap Handler
/ Abort Retirement of
380 Next ROB Entry and
Clear the Out-Of-Order |~ 366
m Pipeline @
Direct the MIS to the
ASYNC Event Handler |~ 368
C End D Figure 10




10

SPECULATIVE OUT-OF-ORDER INSTRUCTION EXECUTION
A method and circuitry for coordinating exceptions in a processor. The

processor generates a result data value and an exception data value for each
instruction wherein the exception data value specifies whether the
corresponding instruction causes an exception. The processor commits the
result data values to an architectural state of the processor in the sequential
program order, and fetches an exception handler to processes the exception if
the exception is indicated by one of the exception data values. The processor
fetches an asynchronous event handler to processes an asynchronous event if

the asynchronous event is detected while the result data values are

committed to the architectural state of the processor.

(Figure 2)



