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Figure 1 shows a block diagram of one embodiment of a processor 100 disclosed
in U.S. Patent No. 5,966,544. The processor 100 shown in Figure 1 includes an I/O ring
111 which operates at a first clock frequency (/O clock), a {atency-tolerant execution
core 121 which operates at a second clock frequency (e.g., slow clock}, a
latency-intolerant execution sub-core 131 which operates at a third clock frequency (e.g.,
medium clock), and a latency-critical execution sub-core 141 which operates at a fourth
clock frequency (c.g., fast clock). The processor 100 shown in Figure 1 also includes
clock multiplication and/or division units 110, 120, and 130 which are configured to
provide appropriate clocking to the various portions or sub-cores of the processor 100, as
taught in the prior application. The specific portion of the prior application’s teachings
which is most pertinent here is that the execution core may include two or more portions

" (sub-cores) which operate at different clock rates.

In operation, the /O ring 111 communicates with the rest of the computer system
(not shown) by performing various /O operations, such as memory reads and writes, at
the /O clock frequency. For example, the processor 100 may perform an YO operation at
the YO ring 111 at the /O clock frequency to read in data from an external memory
device. The various execution sub-cores 121, 131, and 141 can perform various

functions or operations with respect to the input instructions and/or input data at their
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detection may be performed in another sub-core at a different frequency. As such,
certain errors and conditions can be detected earlier in the execution process than other
errors and conditions.

Figure 2 illustrates a block diagram of one embodiment of a processor 200
disclosed in the prior application which includes a generalized replay architecture to
facilitate data speculation operations. In this embodiment, the processor 200 includes a
scheduler 231 coupled to a multiplexor 241 to provide instructions received from an
tnstruction cache (I-cache) 211 to an execution core 251 for execution. The execution
core 251 may perform data speculation in executing the various instructions received
from thc multiplexor 241. The processor 200 as shown in Figure 2 includes a checker
unit 281 to send a copy of the executed instruction back to the execution core 251 for re-
execution (replay) if it is determined that the data speculation is eroneous. However, in
this generalized replay architecture, the checker unit 281 is positioned after the execution

core 251, after the TLB and tag logic 261, and after the cache hit/miss logic 271. Some
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DRAW NGS replay mechanism is used to replay the first instruction via a first replay path if an error

of a first type is detected which indicates that the data speculation is erroneous. The
second replay mechanism is used to replay the first instruction via a second replay path if
an ervor of 2 second type is detected which indicates that the data speculation is

EIroneous.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present inveation will be more fully
understood by reference to the accompanying drawings, in which:

Figure 1 is a block diagram of one embodiment of a processor including various
sub-cores operated at different frequencies,

Figure 2 shows a block diagram of one embodiment of a processor having a
generalized replay architecture;

Figure 3 illustrates a flow diagram of one embodiment of a processor pipeline in
which the teachings of the present invention are implemented;

Figure 4 shows a block diagram of one embodiment of a processor having first

and second replay mechanisms;



The features and advantages of the present invention will be nore f Ijé{t o
understood by reference to the acconpanyi ng drawi ngs, in which: Figure U_L ?Q

a bl ock wip agemso of one enbodi nent of a processor incl udi
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Figure 4 shows a bl ock di agramo one enpbodi nent of a processor having
first and sec@@iméohays Adlohadiagrag) of3or2 2mbotin2& 4 Y@ eHddBdc48Ring to the
PCT/ USOO/ 0 Fi shows a nore detail ed bl ock diagram of one

enbodi rrent :5‘ 1"?8?&&%?5?““?5%}% first and second replay mechanisns; and

Figure 6 shows a flow diagr amm—frgﬁ m%{%, a method according to
the teachings of the present DESCRI PTION I n the
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order to a thor nder st andi ng. of the present_ invention.
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I nvention g cﬁ&dﬂi’yﬂﬁk'sﬁﬁl@d% U‘l}%'{thai llf\@%?csérgqmcfnhana %'clp%acticgg ul"ﬁxout

di scussi on below, the teachings of the present I nventron‘are u ized to

I mpl ement t@FSﬁéPW@)@C dtailjb?ar atus, and systemfor facilitating data specul ation

in executing | NSt. ru§ l| on To redu? executjion time, an execution
é’ét t ﬁt’f
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data Specumpleniit h nedodORRANEys, bHE sydtaﬁlﬁsr fhaﬁIaEIHth:Q@péc%létﬁon%%%k'é&ﬁ by the
execution unit until the correct result is obtained I'n one e

the data 3R INSHUFGENS d odedugertixaewianding agcxegionsnit pedoms dataf a fir st
e det eot R Bt 8 R ERARE W 10Gs PO T B calismér iy fia is robrSeibod: mont
afirst c hﬁmkafsmusnorf B ypenciubddenyf Be eﬁ&:ﬂdblﬁ‘i}m@ uhtil'tAE cGPRY r&ullifEbdaitay!
nstruct %?or?ea gnlibgc?umtegte thecxdea.(t:augple(c):lrjllaggrlx ;[s ch:rnmncd to be erroneous if errors of a first
type or errors of a second type are detected. Errors of the first type can be detected
earlier than the errors of the second type. In one embodiment, a first checker is
responstble for sending a first copy of the input instruction back to the execution unit for
re-execution or replay if an error of the first type is detected with respect to the execution
of the input instruction. A second checker is responsible for sending a second copy of
the input instruction back to the execution unit for re-execution or replay if an error of
the second type is detected with respect to the execution of the input instruction. In one
embodiment, a selector is used to provide either a subsequent input instruction, the first
copy of the incorrectly executed instruction or the second copy of the incorrectty
execuled instruction to the execution unit for execution, based upon a predetermined
priority scheme. The teachings of the present invention are applicable to any processor
or machine that performs data speculation in executing instructions. However, the
present invention is not limited to processors or machines thal perform data speculation
and can be applied to any processor and machine in which multiple levels of replay
mechanism is needed.
Figure 3 is a block diagram of one embodiment of a processor pipeline 300 within
which the present invention may be implemented. For the purposes of the present

specification, the term “processor” refers to any machine that is capable of executing a
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at the fetch stage 310 are then inp Into a deco re the
i nstruct i esisdole/dparahi stager3idr ¢ashsniarcinsttectimtest WOP s solieduled asd digpittieds or
m cro-operations ﬁal sa referred as UOPs or_uops herein) for execution by

t he proceé%%’??xcﬁft Hhu| ]?:ea"t"écrg‘l“é‘&_émiggé)?rgpgéé’é"slb?“ PESBisA 3N REcESsary for
the executizp0sel. ARE: il e HibiRlRALE Ak iRtabedd allPelip¥hgatpge 10 the

pipeline is a renane stage here references to externa gisters are
converted i ntoln aeeembddiment, the various stages described above can be organized into

three phases. The first phase can be referred to as an in-order front end including the
fetch stage 310, decode stage 320, allocate stage 330, and rename stage 340. During the
in-order front end phase, the instructions proceed through the pipeline 300 in their
onginal program order. The second phase can be referred to as the out-of-order
execution phase including the schedule/dispatch stage 350 and the execute stage 360.
During this phase, each instruction may be scheduled, dispatched and executed as soon as
its data dependencies are resolved and the appropriate execution unit is available,
regardless of its sequential position in the original program. The third phase, referred to
as the in-order retirement phase which includes the retire stage 370 in which instructions
are retired in their original, sequential program order to preserve the integrity and
semantics of the program.

In a processor having a replay architecture, certain liberties may be taken with
respect to the scheduling and execution of the input instructions. For example, an input
UOP may be dispatched to the execution unit for execution even though its source data

may not have been ready or known. If it is determined that the data speculation is
5



fegi ster references to elimnate fal se dependenci es caused by regi sbg}
reuse. At a schedul e/dispatch stage 350, each m croinstruction or JPs 2004
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retired in their original, sequential program order to°preserve

i ntegritynaebttaksmantics of the program In a processor having a replay
architecture, certain.liberties may be take respect to the
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UOPs Wai t "]gOEHbU%PSt‘Wét Yl theirsgygce data are determined to be valid, it is better to

speculatively dispatch and execute some UOPs so early in the process even though it
cannot yet be known - but is likely and suspected - that their source data reside in the L0
data cache. In the majority of cases, the L0 data cache will be hit and valid data will be
used as sources. In only a small number of cases, the data speculation is erroneous and
the UOPs will have to be replayed. As such, the majority of UOPs are correctly executed
in a reduced number of cycles, thus improving the overall performance.

Figure 4 is a block diagram of one embodiment of a processor 400 having first
(also referred to as fast or early) and second (also referred 1o as slow or late) replay paths
to facilitate data speculation in executing instructions. As shown in Figure 4, the
processor 400 includes a scheduler/dispatcher 411 coupled to an instruction cache (not
shown) to schedule and dispatch a first instruction received from the instruction cache to
an execution core 431 for execution via a selector (e.g., multiplexor) 421. The execution
core 431, in one embodiment, performs data speculation in executing an input
instruction. As described above, the input instruction may be dispatched and executed

even though its source data may not have been ready or known. For example, the
6
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it is determined that the execution of the input instruction is incorrect because an error of
the second type has been detected which indicates that the data speculation is erroneous
or that other error conditions are present, the second replay mechanism (the slow or late
checker) 451 wall send the respective instruction back to the execution core 431 for re-
execution (replay) via the multiplexor 421. The functions and operations of the first and
second replay mechanisms shown in Figure 4 are described in more detail below.

Figure 5 shows a more detailed block diagram of one embodiment of a processor

500 having first and second replay paths as described above with respect to Figure 4. As
shown in Figure 5, the processor 500 includes a scheduler 511 that schedules and
dispatches instructions received from an instruction cache {not shown) to an execution
core 531 for execution via a multiplexor 521. The function and operation of the
multiplexor 521 is described in detail below. In one embodiment, the execution core 531
performs data speculation in executing an input instruction received from the multiplexor
521. The processor 500 further includes a first delay unit 541 to make a first copy of the
nput instruction and to hold the first copy of the input instruction for at least one clock

cycle in a first clock domain. The processor 500 also includes a first checker 545
7
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schedul er ¥F4T¢rheR™ ééhéﬁ‘haﬁé d%{'ﬁ)ﬁl“"’dﬁggé{‘% B chacker At Fsrigcondteiegkst from an
i nstructi o5 QACHR KiYRL: SO hE SBRd BEREL 70 o?ﬁéﬁb%ﬁmc‘hﬂ%@mﬁﬁ@g&ﬁ?sv' a a

mul ti pl exor '.521. The function and operation o t1pl exor

descri bed32lnisdenbgured &l worivé theonputendtndiioread a subsepicatunsirocticnofiremn Bzl
perfornms data specul ation in executing .an input instruction received from
Phe. mul €1 [FERIPR OIS, e s(AgY S0kt iPBBAHHEH RB FoMBF (RSP BoVer AGH el ay  uni ¢
541 to makRoid Ebgysdf (RORBuOhstiteion! oM thel Se&HUGLEIRR. 86hd @nb&ifhehtthel i 1 St
copy of the input instruction for at |east one clock cycle in a first

cl ock donmiuliplenes 53t sclagbercopdgurgidde s¢leativelyeronde exther ththsubisequeBy5 7 2 2 JUL
2004 instruction, the first copy of the input instruction, or the second copy of the input
instruction to the execution core 531 for execution, based on a predetermined priority
scheme. In one embodiment, the second copy of the input instruction is given a first
priority for execution, the first copy of the input instruction is given a second prionty for
execution, and the subsequent instruction is given a third priority for execution. In one
embodiment, the first priority is higher than the second priority and the second pnority is
higher than the third priority. In one embodiment, the first set of error types is a subset of
the second set of error types. In another embodiment, the first set of error types is
complimentary to the second set of error types. In one embodiment, the first set of error
types includes an error indicating that a level zero cache way predictor is missed, an error
indicating that the level zero cache CAM extension is mismatched, and an error

indicating that a store forwarding buffer data is unknown. In one embodiment, the

second set of error types contains an error indicating a TLB miss, and an error indicating
B
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m ssed, A hstruction from the scheduler 511, a first copy of the input instruction to be replayed
from the first checker 545, another input instruction to be replayed from the second
checker 555, and also a manufactured instruction from another unit (e.g., the memory
control or execution unit). In one embodiment, the multiplexor 521 gives a low prionty
to instructions coming from the instruction cache, a medium priority to replay
instructions coming from the first checker, a high priority to replay instructions coming
from the second checker, and a highest priority to manufactured instructions.

As mentioned above, in one embodiment, the error conditions detected by the

first checker 545 can be a subset of the error conditions detected by the second checker
555. In this case, the second checker 555 needs to provide robust checking because a
UOP cannot be replayed once it gets by the second checker 555. In another embodiment,

the error conditions handled by the first checker 545 can be complimentary to the error

conditions handled by the second checker 555. In this case, the first checker 545 would
9
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i nstruction fromthe scheduler 511, a first copy of the input instruction
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instruction that is not in the instruction flow from the instruction cache. These various

select signals are used by the multiplexor 521 to determine which instruction is to be sent

to the execution core 531 for execution in a given processing cycle if there are more than

one instruction from different paths waiting to be executed. In one embodiment,

manufactured instructions are given the first execution priority, the instructions coming

from the second checker 555 are given the second priority which is lower than the first

priority, the instructions coming from the first checker are given the third priority which

is lower than the second prionity, and subsequent instructions coming from the

instruction cache via the scheduler 511 are given the fourth priority which is lower than

the third priority.

In one embodiment, once a particular UOP has been sent around for fast replay by
the first checker 545, the same instantiation of that UOP would not also be sent around
for slow replay by the second checker 555 because a duplicate would exist. To prevent

this from happening, in one embodiment, each UOP may include some special fields that

can be used by the first checker 545 and the second checker 555 to coordinate the replay
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starts at block 601 and procceds to block 605. At block 605, an execution core or unit

performs data speculation in executing an input instruction. The method 600 then
proceeds from block 605 to block 609. Atblock 609, it is determined whether an error of
a first type has been detected. As explained above, in one embodiment, an error of the
first type occurs if the LO data cache way predictor is missed, in which case the data
cannot be in the LO data cache, the LO data cache CAM extension is mismatched (i.e., the
way prediclor hits but the tags do not match), or store forwarding buffer data unknown
{i.e., the data is supposed to be {orwarded from a store forwarding buffer but the store
data is unavailable), etc. Atblock 613, the input instruction is re-executed if an error of
the first type has been detected. As described above, when an error of the first type is
detected, a first checker unit (1.e., the fast or early checker) will send a copy of the input
instruction around for replay or re-execution on the fast replay path. The method 600
then proceeds to block 617. At block 617, it is determined whether an error of a second
type has been detected. In this embodiment, a second checker (i.e., a slow or late

checker) 1s responsibie for deterrnining whether an error of the second type has occurred.
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execution priority, the instructions coming fromthe second c ecker 555

are given ) n riori which is lower than the first priority, the
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which is kesated anddsbeb&RoR0E RE §Rbhd Mhecﬁ&qs$éé?§ﬁﬂ’ﬂ€@$r_ §eﬂ§i§1gla\(a)*399§ com ng
fromthe instruction cache via the scheduler 511 are given the tourth
priority WIEPHtBStTuSien ardvad foreplay lohthe PYowareplay path if aneremiodt steatd once a

particul ag %ﬁﬁggaiwg:en sent around for fast replay by the first checker
IBrve 7 ReTan

545, the iation of that UOP would not al so be sent around for

sl ow replay by TheinvesethahbeskesscEb8 ila%g}b%eu@ WHRIRCHE Bt hfbofithh: TO
prevent this from happening, in one enbodi nent, each UOP may I nclude sone
speci al f ildf gederdbat numerens aligeatives. mediffdatigns, vhualoss asd Bseanwdllttee second

checker 5 ' repl 1 JUL 2004 .\\D 01/ 61480

PCT/ US00/ g@?&%‘tgégﬁo\g/% 7 Eelgd Lng(;ﬁ satin fie %\Rﬁe g%‘é%%’égr SSCRRONexanpl e, in one
enbodi ment, a UOP may include a field referred to as NEEDS- FAST- REPLAY
field, which is set by the first checker 545 to indicate that the first
checker 545 wants to send it around for fast replay. The respective UCP
may al so include another field called GOI FAST REPLAY field. The

GOT- FAST- REPLAY field, in one enbodinent, is set by a cooperation between
the first checker 545 and the second checker 555. For exanple, assum ng
that the first checker wants to send a first instruction around for fast
repl ay because an error of a first type has been detected. In this case,
the first checker 545 will set the corresponding NEEDS FAST_REPLAY field
of the respective UOP to indicate that this particular UOP needs to be
repl ayed on the fast replay path. If the second checker 555 wants to send
a second UOP around for slowreplay in the sane clock cycle, the

GOT- FAST- REPLAY field of the first instruction will be cleared and the
mul tiplexor 521 wll be controlled to select the slow replay UOP instead
of the one seeking fast replay. Later, when the first UOP reaches the
second checker 555, it will be sent around for replay on the slow replay
pat h because its correspondi ng NEEDS- FAST- REPLAY
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field has been set. Figure 6 illustrates a flow di agram of one enbodi nent

of a method 600 for using fast and slow replay paths to facilitate 2datig 2004
specul ati on operations. The nmethod 600 starts at block 601 and proceeds to
bl ock 605. At bl ock 605, an execution core or unit perforns data

specul at Eﬂ I.Nn fxecgt ing an input instruction. The nethod 600 then

proceeds = 5 to block 609. At block 609, it is determ ned

whet her an error of a first type has been detected. As explai ned above, in
one enbodi nent, an error of the first type occurs if the LO data cache way

predictor is ki ssed migtomhéesborcapwrising: data cannot be in the LO data
cache, the LO_data cache S%A%Aggxten ' m smat ¢

lon isS.. t}ed('..,te.way
orodi ctor hi t @ RS COsIR PR Sk o i Seph B kg oa T or dat a
unknown (i.e a,ﬁrgthepldﬁh@cmaslimm@m? theofilR€inbPictidh o fifse Pepq’aySA;sam "
forwardi ng buffer but the store data is unavailable), etc. "At bl ock 613,

t he i npu@nerret eflactitsbiype &5 detectodondicating that:the data gpecuiation heerfeneguns, thepe has
been detected., As descri bed .abov en an error of the firs ype is

det ect ed HF i e, PR st SIS WP e GE0%0a Sitgry o8itiShiost "W 17 sena
a copy Ofinstfuetidd i to holtSthe WiedticOpy fiir QbiRdst ok c[o@l?l:?d{eﬁfaﬁﬁst geeeut i on on the
fast replay path. The nethod 60 then proceeds to block 617. At bl ock 617,

it is deddemaimand afirst ¢heckerto deteaning whethsetheeeror of/the finstdypedas bdent ect ed. I n

hi nbaodj d K ' . | I K [
L o L MO COAS
occur r ed forlsbply % thberrd06FthY\6rd i/ps 118 BeRQUBlddRADARE590 At bl ock 621, if an

error of the second type has occurred, the input instruction is re-
executed. As d@csseondgeplay Meokanisyto playdle Grsbinkievction viea preand Kpdayf or sendi ng

y ath i | xufai é eficthd Midic Y a5 latioft 1 y
a copy of .l Fg(g 88 p% %rgqufﬁ{n&rtﬁlﬁglﬁ ctr&ﬁ §I replay path

if an er#br 0 € secon as occurred. I on has been

descr i be@rione@aihyRedondReplay Meéiaaishi BtRdingth REGdd@Ninit tolthakea evi dent t hat
nunerous alternatiyes,_ nodifications, variations and uses will be apparent

to t hose s&andicopy phtheifisstapstruction apghto hotd thesesandagny foy atitssetanselosk. 12 22
JUL 2004 c%@tm 5§ec%lrlﬁ 'c[Hf:g dofirain and a second checker to determine whether the error

of the second type has been detected and to send the second copy of the first
instruction back to the execution core for replay if the error of the second type has

been detected.

2. The microprocessor of claim 1 wherein the error of the first type is
detectable within a first period and the error of the second type is detectable within a
second period which is longer than the first period.

3. The microprocessor of claim 1 further comprising:
an instruction cache to store and provide the first instruction and a subsequent

instruction to the execution core.

4, The microprocessor of claim 3 further comprising:

a selector coupled to receive the subsequent instruction from the instruction
cache, the first copy of the first instruction from the first checker, another instruction
from the second checker, the selector to provide to the execution core for execution

either the subsequent instruction from the instruction cache, the first copy of the first

13



1. A mcroprocessor conprising: an execution core to performdata

specul ation in executing a first instruction; a first replay rrechara%ﬁUu)UUi
replay the first instruction via a first replay path if an error of a
first type is detected indi cating that the data specul ation i s erroneous,

the fir Ty C f|r del it to a first
copy of sérﬁﬁ?rng%o |nés1 |°ic()ér} %ﬁ% (P%Kﬂb 8"9‘1 &é’f‘ﬁ%ﬁ?%‘%%&?% east one
cl ock cybhsediunpoaafprerdetendhmalfmodmhanand a first checker to determne

whet her the error of the first type has been detected and to send the
first copy of the first instruction back to the execution core for replay
if the error qf th i e C nd a second repl ay
mechani smto (rgepl ay n{]a%)?%&sé? ruc ?(‘)N(rill‘glt i ‘F“g%%‘S@SB%"'P%%ﬁeag% path if an
error of nalsletsid type i s det ect ed indicating that the data speculation is
erroneous, the second replay nechani smincluding a second delay unit to
make a second copy of the first instruction and to hold the second copy
for at |east q@ne cl second checker
to determ ne \%het heT?lgt %Pdcg?éopoﬁl?ﬁﬁgseg%%gﬂm gr%@érqn%@etd d€tected and to

send t he gbeaarfitstqainyritp fortekection sthe fﬂrﬁ%bp)ucﬁthé)ﬂrdi)ﬂﬁskrub@oﬁ Reiwnecution core
for replay if the error of the second type has been detected. 2. The

mi cr opr o S&ROBEPrigHtYIos pscution whishds {qyer él}a,n(ﬂae Brst prierity; angt the yyuhsequent
d bl
o ool ) o OAOPRABE I SEGTT B TSR 72

detectable wt secon I rst period.

3. The mpewapr ocessor of cIa|n11 further conprising: an instruction cache
to store and provide the first instruction and a subsequent instruction to
t he execution core. 4. The m croprocessor of claim3 further conprising: a

sel ector coupled ! rHeqfitopfode e BHORRY SHerdifl S GF AT B2 hiRG, | NSt ruct i on

cache, the first copy o Irst tnstructron fromthe checker,
anot her isnbset af¢rras of fhesacdndeypecond checker, the selector to provide to
t he execution core for execution either the subsequent instruction from
the instruction cache, the first copy of the first 13 2 2 JUL 1004

[ nstruct] on M { NehelrhfcRor6d38RK B claft 1 SRieikiABOLAYE th IR Ypt b from the

second checker, based upon a predeternmined priority sch
comphmentary to errors of the second type.

9. The microprocessor of claim 1 wherein the error of the first type is
selected from the group consisting of an error indicating that a level zero cache way
predictor is missed, an error indicating that the level zero cache CAM extension is

mismatched, and an error indicating that a store forwarding buffer data is unknown.

10.  The microprocessor of claim 1 wherein the error of the second type is
selected from the group consisting of an error indicating a TLB miss, and an error

indicating incorrect forwarding from store based on full physical address check.

11.  The microprocessor of claim 1 wherein the first delay unit is to provide
the first copy of the first instruction after a predetermined number of ¢lock cycles in
the first clock domain, the predetermined number of clock cycles in the first clock
domain corresponding approximately to a time delay of the first instruction through

the execution core.

14



5. The m croprocessor of claim4 wherein the selector conprises a

mul ti pl exor. 6. The microprocessor of claimé4 wherein said another 22 JUL 2004
instruction is given a first priority for execution, the first copy of the
first instruction is given a second priority for execution which is |ower

than the first,prigrit and the subseguent instruction is given a third
priority for i%‘ecu%%ﬁ%?@ﬁeﬁsgr?%fnLﬁﬁ’éﬁ‘e’f?@’@?&‘%d priority. 7. The

m croprocessor of claiml wherein errors of the first type are a subset of
errors of the second type. 8. The m croprocessor of claiml wherein errors
of the first mgpes for manubapringénstmcyjorsdhataronas iman itssugtendbav fippe. 9. The
m croprogessqQr. of claiml1l wherein the error of the first type is selected
fromthe r%%ﬂmﬁ%g?@ﬁ ng of an error indicating that a | evel zero cache
way predictor is mssed, an error indicating that the |evel zero cache CAM
extension is msmatched, and an error indicating that a store forwarding
buf fer data i $3.unkdbomicroprocgsser off daioplbwbersirthe seledter iscaupledioei n the error

ndi oat | R fiogRpleBondR RS Sl A0 Rt Ry ReRb A0t R var i ng. 11 om

store basgstufionful |l physical address check. 11. The m croprocessor of claim
1 wherein the first delay unit is to provide the first copy of the first
instruction after a predeterm ned nunber of clock cycles in the first

gl oc_k domai n, 1&.“6. %@%Er%@%@% rﬁf"&?ﬁ{ 130{vhgr|e81§hia géﬂgc!,tgrs i'vensz“?)%v Fi .rSt cl oc_k
omai n correspondi Nng approxinatefy to a tine delay o hée T1rst instruction
t hrough ptibsityas ésstituctionseobfing frémahe inkttictddcie a middeurfiipeibAp/ teGesiawr of
claim4 further conprising; neans for manufacturing instructions that are
not in aStHEHeNsCOMBRe froanthe fisshthacker, p highyprioritnle ehlay nstrugtionshe

m cr opr 06gaeal v ofd ABd oS Sl fleP BTN tleinffitRkGlat 0 T ecel ve the

manuf act ure ructions an e exec on core for
leésvcut i ofnstrhdtionkhe m croprocessor of claim 13 wherein the selector gives a
15. A method comprising:
performing data speculation in executing a first instruction in an execution
core;
re-executing the first instruction through a first replay path in response to an
error of a first type indicating that the data speculation is erroneous by making a first
copy of the first instruction and holding the first copy of the first instruction for at
least one clock cycle in a first clock domain and sending the first copy of the first
instruction back to the execution core for execution; and
re-executing the first instruction through a second replay path in response to
an error of a second type indicating that the data speculation is erroneous by making a
second copy of the first instruction and holding the second copy of the first instruction
for at least one clock cycle in a second clock domain and sending the second copy of

the first instruction back to execution core for execution.

16.  The method of claim 15 further comprising;:
receiving a subsequent instruction; and
selectively providing either the subsequent instruction, the first copy of the

first instruction from the first replay path, or another instruction from the second

15



priority to instructions comng fromthe instruction cache, a nmedium
priority to replay instructions conming fromthe first checker, a hiZghJui 2004
priority to replay instructions comng fromthe second checker, and a

hi ghest priority to the manufactured instructions. 15. A nethod

st pri | red i s. 15. A et .
o exooul i ) Q1 BReRh T o R E e bl R AR Srtsign B 11 rec

replay path in response to an error of a first type indicating that the
data specul ation is_erroneous by nmaking a first copy of the first
i nstruction add hoilhe methadeofclaim: | 6owksreipisaidiaother instrictionrisigivena for at

the 11 rarrscpRoing U sl oot s SnCh RO IOVl e PR TS 2na” ™

r e- execuldvag thdiethé ifirs fpribfig Batlth QUbsehiiai aldtractsRcio pileh@Rhidd pRafify i N response
to an error of a second type indicating that the data speculation is

er r oneoudvgh igdgeverghan the second PEBHY- of the first instructi on and hol ding the
second copy of the first instruction for at |east one clock cycle in a
second cl ock domain and sending the second copy of the first instruction
back to executlBon dheendtissd ebobaii } ORherdin.thd reorFithOfirsofyps ivddiecldbld ur t her
conprising: . receiving a subsequent instruction; and selectively providing

ei t her t NEthinpSEx peried ankthe gres @fithe sepend fypsts desespatle within a sacpad " j nstruct i on
fromthepg}i&?;vh[cﬁq%ﬁ% Prat:n%xthgrﬁrﬁﬁ)%}iﬁﬁr instruction fromthe second 15 2 2 J
tgo t he )

UL 2004 replay pa execut1 on core based on a predeterm ned
priority schene. 17. The nethod of claim 16 wherein said anot her

instruction is given a first priority,.the first copy of .the first

i nstruction i4%;i vjﬁe&lwlm byy WWW%FF?@fW%%¥WﬁW§%etqurst
priorityh Gttt eheSdp 0t instruction is given a third priority which
is lower than the second™priority. 18. The nethod of claim 15 wherein the

error of the first type is detectable wthin a first period and the error
of the second . type .S deiectable wthin a secon riod which is | onger
than the fi _rstztoperi .m%é‘."f‘?ﬁgmﬁ’eﬂﬂgerﬁpt@?E’irﬂ‘i‘gféh‘gﬁﬁg'ipﬁ“t he error of the
first tyR@mphinRnéitPR&he Bfror of the second type.

21.  The method of claim 16 further comprising:
manufacturing an instruction that is not in an instruction flow from an
instruction cache; and

dispatching the manufactured instruction to the execution core for execution.

22.  The method of claim 21 wherein a low priority is given to the
subsequent instruction coming from the instruction cache, a medium priority is given
to the first copy of the first instruction from the first replay path, a high priority is
given to said another instruction from the second replay path, and a highest priority is

given to the manufactured instruction.

23. A microprocessor comprising:

means for performing data speculation in executing a first instruction;

means for re-executing the first instruction via a first replay path if an error of
a first type is detected indicating that the data speculation is incorrect including means

for making a first copy of the first instruction and for holding the first copy for at least
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the error of the second type. 20. The nmethod of claim 15 wherein th érroE
of the first type is conplinentary to the error of the second type. JyL 2004
The nethod of claim 16 further conprising: manufacturing an instruction
that is not in an instruction flow froman instruction cache; and

exetut | oSHOgBU et bl PN 5 fitalebol SRBEREREPOEIRE Gl ven 1o

the subaggueition bederfocietexpoviiinthefet@fbf the first3ypelis delette@amide, a medi um
priority is given to the first copy of the first instruction fromthe
first replay peaensfos rerexgeuting theifirgt ipgructipy ¥ig a scend gplaydathdf ap pger uct i on
fromt heofsgé’é%qd 'i'ﬁn%l igﬁetB&E@ ?d?eéﬂnngﬂm %R Peliitidis itondbtifilulRe! Ne
manuf act ur ed 1 nstTuct on. : Croprocessor conprising: neans=for
perform mgafdafor nsdkigd sdcoedicdpy ofXiectifst ingtractionragll forellditg theseconeans f or
re-executing . the first instruction via a first replay path if _an error of
a first copeforatlsastone glock peiedin msgcenhgloghdomain and pieans tor sendlingsthe ncor r ect
includin ' L . ' ' ' and for
ol di ng. RaTR ey bRk (A Blcftid doft t6f AP ARLPTS e i JBR EAA BB 37 2
first cl ocdetekaedhi n and nmeans for sending the first copy back to an
execution core for re-execution if the error of the first type is detected;
and nmeans for re-executing the first instruction via a second replay path
if an error of a second type is detected indicating that the data

specul ation is incorrect including neans for making a second copy of the
first instruction and for holding the second copy for at |east one clock
period in a second clock donmain and neans for sending the second copy back
to the execution core for re-execution if the error of the second type is
detected. 17
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