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One method for determining the boundaries of instructions involves generating and storing one or more
predecode bits for each instruction byte as it is read from main memory and stored into the instruction cache, The
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40 instruction predecode information as described herein. In one
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parity information, thus allowing parity checking for the instruction bytes in both the
25 instruction cache and the level two cache.

Similarly, the microprocessor may also include error checking and correction
logic configured to generate error checking and correction code bits for the data bytes
stored in the level two cache. The emor checking and correction logic may be
configured to check the ECC bits for the data bytes read from the level two cache. In

30 some embodiments, the error checking and correction logic may be configured to

correct at least one bit errors in the data bytes read from the data cache but level two
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requesting the victimized data bytes. Similarly, the cache may be configured to
provide the stored victimized instruction bytes and corresponding parity and

25 predecode information to the processor in response to the processor requesting the
victimized instruction bytes. Advantageously, the processor may use the predecode
information from the instruction cache in lieu of regenerating new predecode
information for the instruction bytes. In the event of a write to the instruction bytes
(e.g., self-modifying code), the
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i nfor ' I 0. is..a di agram of another epbodi nent of a_systemlpo
stori ggﬁﬂvﬁs}g%ef’%%g&g%?aggé%‘g Z‘Q‘,’lﬁ’%&?ﬂ#&fgﬁffﬁﬁl}ﬁﬁl@@mﬁoq@ Sprefitgfitam showi ng one
enbodi nent of a conputer systemutilizing the m croprocessor of Fig. 3.
Whtd e the invention i s syffgils N&F b difications and alternative
forms, specific. enbodi nents ereor ar way of exanple in the
drawi ngs anH™§ Piectharatuantes of e dpvpnion wilkbeepae apparentupongtading the Bdlowifg detailed
under stegoigitionwodupor referdnbbatb the Loty tBSv0 & vi@hai | ed description thereto are
not i ntendeg t L 0 o i nvent i o th 4 WD 03/003218 PCT/ US02/ 12768
particul ar f‘ 'rl%s%éléggldgéﬁea%?%ab%ﬁ m(%’r‘lé)dtﬂl’ﬁ%m%t’(?’r‘\g’%y, the intention is to cover
al | nodi fi cEgiZdvrsblodkdisirom linswating canenbodimem ofratalidmskf al | ing within the spirit
amd scope Ofigloheh INcaRBIm bVEBMEORcAS fblosd,y the appended claims. The

i ni zat 1 ona urposes only and are not neant

headi ngs uslied 4he%el n iﬁre for or%a ]

to be used 10 T TREPT I diag iy gt oppemboiment of the iptgrace betyagr the instrugtion e ofs ed

t hr oudigdend Hewl tappdcheecat i on, the word "nmay" is used in a perm ssive sense .
(i.e., 5nqqé1i- : P he i.al..to), rather than the mandatory sense
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m croproggssor 10 is shown.

Figs. 7A-B are diagrams illustrating different embodiments of a system for storing victimized predecode
information.

Figs. 8A-B are flowcharts illustrating different embodiments of a method for storing victimized predec;ode

35  information.

Fig. 9 is a diagram of another embodiment of a system for storing victimized predecede information.

Fig. 10 is a diagram showing one embodiment of a computer system utilizing the microprocessor of Fig. 3.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be

40 understood, however, that the drawings and detailed description thereto are not intended to limit the invention to the

4



10 M croprocessor 10 includes a prefetch/predecode unit 12, a branch
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1s pfapl
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addresses to select when forming a branch prediction. Instruction alignment unit 18 and functional units 24 provide

40  update information to branch prediction unit 14. Because branch prediction unit 14 stores two targets per 16-byte ’

5
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40 executed instructions along the mispredicted path can be invalidated in the reorder buffer 32 before they are written
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40 correction unit may atterpt to correct the error, I the error is uncorrectable, then an error may be signaled (step
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15 once the instruction bytes are read out of the instruction cache and
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provide an alternate mechanism for correcting errors in licu of copying data bytes from memory 420.

Example Computer System
Turning now to Fig. 10, a block diagram of one embodiment of a computer system 500 utilizing

40  microprocessor 10 is shown. In the depicted system, a main memory 504 is coupled to bus bridge 502 (which may
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for victimzed instruction bytes while still providing parity and/or ECC
protection for victimzed data bytes is shown. In this enbodi nent,
processor J&)gégdes | evel one instruction cache 16 and | evel one data
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generat We*buses used to transfer the information between menory
420, nenory Igediftioniolperided 8y niaree prao ESEBISA b(for PTH b 514 foomipdy borbridgeys 1 dmpay n
addi t i @tﬂtherhﬁ’co%ﬁtc%oﬂﬁ%&fonﬁw hstc% &ie@fﬁ&%hxgi‘é”}n%%ﬁ%%ﬁr%ﬁ% Q@Jn%gbusﬁ% oe 516 o0

previ ously describ In sone I ments subs
cont r ofck esawstﬁré’w H itoE GRSy @aarmtre%mmeé%ﬁé? 1 bpgii4. pg’i‘ mxsvow;:wdhdeot
i nfior metoiway clﬂletoﬁteﬁxhlmrr&hﬁW@raieﬂlwiﬂh@anﬂaﬁjﬂ&ﬁ bridgB 5 FEPRB B0 BOMEIGRA tvihih O¥Bhterd WO

he 50 t t 408 30

Crne. BieBbo B b e S PO AP SOUSR fPregab R R R s

| evel éfneed stentgotlicghe @amweshﬁzﬁn)my fulpiber be gmplebty €HU bys 504 btededlinisgpptobesoc Hthe

l . 0 t () al 84 h
i ne apg gueaeH05hthen £ QoGSO %@g ﬁvﬁ%,[t?%{%% 591% Jaxgﬁfve b %@oﬁJ@%%’dﬁ 21 af Wi C

may itsel f be gggtecte "2% ECC I n ras a stored
i n" | eveacheate) logis for e prerpi caghgmay e mF?ﬁHFeflf“&iJ“s‘tqﬁ‘éf‘r@By preventing the
or ¢@i nal copymimfenbhisSodat ﬁlelhdSl'y mﬁpﬁﬁﬁoﬁ progtams atdiRredtaid Lork MR mitrbREBeHG NY
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35  support both AGP protocol transactions as well as PCI protocol target and initiator transactions. Display 526 is any

electronic display upon which an image or text can be presented. A suitable display 526 includes a cathode ray tube
("CRT"), a lquid crystal display ("LCD"), etc.

It is noted that, while the AGP, PCI, and ISA or EISA buses have been used as examples in the above
description, any bus architectures may be substituted as desired. Xt is further noted that computer system 500 may be

40  ammltiprocessing computer systera including additional microprocessors.
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10 generally translates an operation fromthe protocol used by the source
device or bus to the protocol used by the target device or bus. In
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cache control ﬂg ext ernal cache grat
bri dge "8ersd s thy ﬂ%ﬂme Blygis prsn-bit wétﬁswrlgfoftw nvbrrneeqqua@mar odicatathet e vayedns
ar e st eived, aa%%m%u%m&&ehﬂﬁ@e@&s% vahdkQo wdxseaaekil Xdcﬁisﬁamyta% it @ai&%&am e

pre era E’@d@\’a vap(ﬁj r| se eng‘g’ﬁ}{’\éé‘%&é M%%EW%% ?J‘éah Ry cmﬁtﬁse Qi%?r‘id’é‘%s

512A- 5?112@1*&# @thehlntlmds aitdlsaedlua‘a aluyanyi betsed af watler | pher al devi ces such as, for
exanpl e, ne I, di r hard or
M’?srtéfn anli H{eﬁ&f falcﬁorﬁg%gi?%od? %@g&n%g@? z@gﬁﬁ% lrﬁ%g an&or%at )%!s h%s

fl oppy, disk _drives or drive co ut er

| nterf B‘E‘?’éj“sﬁ‘&%@pt‘@l‘@ the Gpbdizpeats Aesstipedhgreend Bnswpie ﬂvﬁgt#rsﬂaa\@éwnéecm@ml s
i|lust Ecailﬂetaeﬂeoifatafvaﬂmbmiﬁuodnhmﬁe podsibRekd dRehmdtedd @M h&RIDe uiieiGld ocﬁﬁat e BRURM a

soypd car d a.variet ui si cards su GPIB or field
R S B R p e T R e AR R S
render ﬁﬁgfeetﬁontrm Povazml.i qu@@@nsmqmaal@tssapﬂ Aprua@eEs flGngpithinale: spiciomll sopd othe 508 Ay
enbodymawﬁmghgﬁﬁmgﬁ@ghb§§w@?gﬁ&ﬁ%&&pr general ly known in the art to render
t hree-di nensi onal 30 data structures which can be effectively shifted into
and frommain nmenory 504. G aphics controller 508 may therefore be a

mast er INNUSABRPALABPHITABIMETIVhat it can request and receive access to a target
interface within bus bridge 502 to thereby obtain access to main menory
504. A dedicated graphics bus accormpdates rapid retrieval of data from
mai n menor yTiEpgventng s ipdstrigllyrprdipnble a4 shigraprocegporphi cs control | er 508 nmay
further be configured to generate PCl protocol transactions on AGP bus
510. The AGP interface of bus bridge 502 may thus include functionality to
35 support both AGP protocol transactions as well as PCl protocol target
and initiator transactions. Display 526 is any electronic display upon

whi ch an image or text can be presented. A suitable display 526 includes a
cat hode ray tube ("CRT"), a liquid crystal display ("LCD"), etc. It is
noted that, while the AGP, PCl, and | SA or ElI SA buses have been used as
exanples in the above description, any bus architectures may be
substituted as desired. It is further noted that conputer system 500 may be
40 a mul tiprocessing conputer system i ncluding additional m croprocessors.
20 WD 03/003218 PCT/ US02/ 12768 It is still further noted that the present
di scussion may refer to the assertion of various signals. As used herein, a
signal is "asserted" if it conveys a value indicative of a particular
condition. Conversely, a signal is "deasserted" or "not asserted” if it
conveys a value indicative of a lack of a particular condition. A signal
may be defined to be asserted when it conveys a |ogical zero value or,
conversely, when it conveys a logical one value. 5 Additionally, various
val ues have been descri bed as being discarded in the above discussion. A
val ue may be discarded in a nunber of manners, but generally involves

nodi fying the value such that it is ignored by |ogic
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circuitry which receives the value. For exanple, if the value conprises a

- bit, the logic state of the value may be inverted to discard the value. If
the value is an n-bit value, one of the n-bit encodings nmay indicate that
the value is invalid. Setting the value to the invalid encodi ng causes the
value to be discarded. Additionally, an n-bit value may 10 include a valid
bit indicative, when set, that the n-bit value is valid. Resetting the
valid bit may conprise discarding the value. O her nethods of discarding a
val ue may begﬁsed %f' A system and nethod for storing predecode

i nf or mati on §l§°8¥F Sed instruction and/or data bytes has been

di scl osed. Wi le the enbodi nents described herein and illustrated in the
figures have been discussed in considerable detail, other enbodinents are
possi bl e and- contfbmrap@aesswcmwmuég be understood that the dr awl ngs 15 and

LTt Y SEHRAR B BB, 1R B e

all nodifi C%btr@afp‘bndmgtp!retﬁbcﬁm:ﬁforﬁﬁdo@ ternatives falling within the spirit
and scope of the present invention as defined by the ap ended cl ai nms.

| NDUSTRI AL APPL | @ABstmgtion cagherh6y conpled te tie nredecoin it and sapfigyrad tesiore t o
B} o -4 ﬁl('sg’ﬂ(;?l |gure§’L’ r@&@o&émf&mﬁoﬁ‘c% %gﬁ%st%rm% L34d9: a

0 receive ins ruc es an generate
correspondi bgtepy edecode i nformati on an i nstructl on cache (16) coupled to
t he predecode unit, apd confj ed store instruction bytes -and the
pr edecode |nformi‘t]f’6&5‘8¥9r‘f"é%(ggi1 etS“‘Pﬁ‘éce“ie W% on, bytes, a

| 0ad/ gpor e unit (2@ GAMd 028) SbahiurACHl MEciYRlAdNGEShe HiAbial Taaehe (28)
configured to receive and store the data bytes fromthe |oad/store unit,

and a | evel lqadéstmramhe,z(ndO) i ncl udi ng a plurality of cache lines, wherein
each cache |line incl ara anea confl ur.ed ore
Vrettim sed | not AT SO Bpfhe SO freBloBla P Py Biitiaf Géf pEGT WIS bt
storage ar einé inchides @frbtgtorag rea 176 eoﬁ'igl@éd tolstors Qiditaised istagBobites Or
parity information and predecode information, wherein the |evel two cache

i s confi gur 88 visimigedrya byts &dop Secanek staTage area () cenfiswediq 6919 FE9R t he
instryetion, ﬁan ﬁ,‘?@.ﬂ cache lines
and Vlligtl m se atncB gt fe‘(l)séfro“?#;a d*nltagagg ﬁgg‘fonﬁea%ig}eﬂé%%dpcache line of the
plurality of cachéherdingbs levebtwoncache i$ evefigured te agdeivei and stofe gintiadzddo

receive and.store 2 ar.i ty .infao tion nd pr e.infg ti.on,.for.the

stored vi ct H#r?(étdoq ﬁg‘? &8{7?/8}? n@boni ‘ﬁm é’%‘eﬁ%ﬁ g’fd’rn&g%{ﬁge‘guﬁah | Sfded in
the first cgsdhe HnePand WoahRed duabyte@vRdm tNDdats edohe inl & sseonll cadhedheloB theecei ve
and store error_correction code bits for the stored_ victimzed data bytes

in the secontralityofgechsdivgs.ivwhereinde lewelitwe caeheisgoriged [q weeivogndstorpne
m cr Oabocesgaﬂwq%%ahaﬁ hind Jyé%eas&e if¥otiioROrdRané Srdf VRM QD iR Hction

checking logic™( conf i
bytes in the second storage area included in the first cache line, wherein the level two
cache is configured to receive and store error correction code bits for the stored

victimized data bytes in the second storage area included in the second cache line.

25 2. The microprocessor of claim 1, further including parity generation and
checking logic {(402) configured to:

generate the parity bits for the instruction bytes transferred to the level two

cache, and check the parity bits for the instruction bytes transferred from the level two

cache.
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generate the parity bits for the instruction bytes transferred to the |evel
. two cache, and check the parity bits for the instruction bytes transferred
fromthe level two cache. 22 T74432-HRW RE antndcd cl ai ns 06- 0603 DRAFT
AVENDED 5H1-~T= 3. The mcroprocessor of claim1, further including error
checking and correction logic (404) configured to: generate the error
correction code bits for the data bytes transferred to the Ilevel two
cache, and 5 check the error correction code bits for the data bytes
transferred_fromgthe  |evel two.cache. .4. The mnicroprocessor of claim3,
wherein errdr ché®kAHEORIFESET Pfa‘gﬂnbﬁ’ ﬁg@e{:mcbﬁl er‘g’éﬁ??"gﬂ’r@@d}dt“@r’ﬁgtéﬁ"t he
error corre 1@Q@g$ Wbt tho correct at least one bit errors 10 in the
data bytes transfefrre romthe |l evel two cache. 5. The m croprocessor of
claim 1, whereingemuoitethe lveror icogeitsorcoodd bits dob the detaobyges tmesfercdrio ¢he

i ndi cat or bits i ndi ¢ tivg of whether: (a) instruction bytes are stored in
the cache ISVFE™® @FRsA™M ¢ orage area, and predecode bits and a parity bit
are stgred in theple GRCOSod édticlioR 00 i BF ARCIA BRtes HandtBired FHoi ¥ €S
are stored in the cache line's first storage area and ' error correction
code bits atwekiworadhd.n the cache line's second storage area. 6. A nethod
conprising: 20 receiving instruction bytes; generating predecode
information for the instruction bytes; storing the instruction bytes and
the predecoge i nfThé mEkioprodessod of icldin BEWRENIn rid) cheCkihPuhd icB@edion RaRt a
portion of the instruction bytes and the predecode 25 information with
parity i nfof4Pd) penfigusedatosiss dhelclmaneection codhbitkiorereet atdeashene bivgrotct i on
byt es yhei ng; i I g : e second nmenory storing the
instrd?tionuﬁéggﬁgpkkg%?#ggﬁagFg?ggékgﬁggayﬁﬁ%?uded ina first cache line
of a plurality of cache lines included in the second nenory; 30 the second

toring t edecode i i on i . st. i ncl uded
e Vi st Eache !N RUSOBGoeshol kb Rm RECtiL B Focie it SOTfETEU QIUPE 03
AVENDED SHEWhE or fR6€indidathr $itk FndHtRE of Wi tHeR Y a} MStrebdba bk 8fe §t6red ik fier d

menory (28); and. ) L )
cache line’s first storage area, and predecode bits and a parity bit are stored in the

15 cache line’s second storage area, or (b) data bytes are stored in the cache line’s first

storage area and error cotfrection code bits are stored in the cache line’s second

storage area.
6. A method comprising:
20 receiving instruction bytes;

generating predecode information for the instruction bytes;
storing the instruction bytes and the predecode information in a first memory
(16);
outputting at least a portion of the instruction bytes and the predecode
25 information with parity ‘inforiation to a second memory (50) in response to the
instruction bytes being overwritten in the first memory;
the second memory storing the instruction bytes in a first storage area
included in a first cache line of a plurality of cache lines included in the second
mermory;
30 the second memory storing the predecode information in a second storage area

included in a first cache line;
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outputting at least a portion of the data bytes with corresponding error
correction code information to the second nenory in response to the data
bytes being 5 overwitten in the third nenory; the second nmenory storing
the data bytes in a first storage area included in a second cache Be of a
plurality of cache lines included in the second nenory; the second nenory
storing the error correction code information in a second storage area
included in the second cache Be; 10 7. The nethod of claim6, wherein the
met hod further conpri toring an indicator bit in each cache line in

t he second nennrvggﬁﬁé%%ﬁﬁ”@%é indicator bit is indicative of whether the

predecode bits ogo eﬁagrbymrtoaqhir@me@ﬁﬁy(m);@dare stored therein. 15 8.
The nethod of claim 7, further conprising: storing an _indicator, bit for

each | ogi cal bl oRWPRHNE R Kadtomdartippref Wghdptai bytcy matly gerrespeading; ¢rrers
cac . i . ; S i
bre Storeq Rt B RESRGHANE e tedlis BhR0, HT1EGHhARE LB BASTEIAR" D (S

conveyfng téeratitttemshe tikel mémomwg parity bit and the correspondi ng stored
portion of the instructions bytes and.th redecode i nformgti.on pback to the
processor, \Aher'élpﬁe@ﬁ@rrpﬁ%égo&flgitgeé%gvéa%ﬁfsésta%e@w@le‘aﬁ ¢

predecode i é&fc%ﬁ&mm‘b ra,fhiggﬁajitg%f%acxﬁqnﬁg MR UeREEH GRS f Or Mati on

if the parity I's corre conput er system conprising” a main

system menory (4®eyscoad memmry swongthé treor osikoorcadplisdimatianhie asetendyst em
he. mermory SRGRE PEh FEjAded it O FRSorih oy M ammnded ol ai ms a8 Ti1ed Juhe 03
AVENDEfp SHEET,; _
7. The method of claim 6, wherein the method further comprises storing an
indicator bit in each cache line in the second memory, wherein the indicator bit is
indicative of whether the predecode bits or the error correction code bits are stored
therein.
15
8. The method of claim 7, further comprising:
storing an indicator bit for each logical block in the second memory, wherein
the indicator bit is indicative of whether predecode bits or error checking and
correction bits are stored therein.
20
9. The method of claim 7, further comprising:
conveying the at least one stored parity bit and the corresponding stored
portion of the instructions bytes and the predecode information back to the processor,
wherein the processor is configured to use the conveyed predecode information in lien

25 of generating new predecode information if the parity bit is correct.

10. A computer system comprising:
a main system memory (420);
a memory controller (410) coupled to the main system memory;
30 a microprocessor (10) as recited by any of claims 1-5 coupled to the memory

controller.
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