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BACKGROUND OF THE INVENTION

1. Technical Field
This invention relates to microprocessors and, more particularly, to decoding variable-length instructions

within a microprocessor.

2 Background Art
The number of software applications written for the x86 instruction set is quite large. As a result, despite

the introduction of newer and more advanced instruction sets, microprocessor designers have continued to design
microprocessors capable of executing the x86 instruction set.

The x86 instruction set is relatively complex and is characterized by a plurality of variable-length
instructions. A generic format illustrative of the x86 instruction set is shown in Fig. 1. As illustrated in the figure,
an x86 instruction consists of from one to five optional prefix bytes 102, followed by an operation code (opcode)
field 104, an optional addressing mode (Mod R/M) byte 106, an optional scale-index-base (SIB) byte 108, an
optional displacement field 110, and an optional immediate data field 112.

The opcode field 104 defines the basic operation for a particular instruction. The default operation of a
particular opcode may be modified by one or more prefix bytes. 102. For example, one of prefix bytes 102 may be
used to change the address or operand size for an instruction, to override the default segment used in memory
addressmg, or to instruct the processor to repeat a string operation a number of times. The opcode field 104 follows
prefix bytes 102, if present, and may be one or two bytes in length. The addressing mode (Mod R/M) byte 106
specifies the registers used as well as memory addressing modes. The scale-index-base (SIB) byte 108 is used only
in 32-bit base-relative addressing using scale and index factors. A base field within SIB byte 108 specifies which
Tegister contains the base value for the address calculation, and an index field within SIB byte 108 specifies which
register contains the index value. A scale field within SIB byte 108 specifies the power of two by which the index
value will be niiltiplied before being added, along with any displacement, to the base value. The next instriction -
field is a displacement field 110, which is optional and may be from one to four bytes in length. Displacement field
110 contains a constant used in address calculations. The optional immmediate field 112, which may also be from one
to four bytes in length, contains a constant used as an instruction operand. The shortest x86 instructions are only
one byte loig and comprise a single opcode byte. The 80286 sets 2 maximum length for an instruction-at 10 bytes;
while the 80386 and 80486 both allow instruction lengths of up to 15 bytes.

The complexity of the x86 instruction set poses many difficulties in implementing high performance x86-
compatible microprocessors. In particular, the variable length of x86 instructions makes decoding instructions
-difficult. Decoding instructions typically involves determining the boundaries of an instruction and then identifying
each field within the instruction, e.g., the opcode and operand fields. Decoding typically takes place when the
instruction is fetched from the instruction cache prior to execution.

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

predecode bits provide information about the instruction byte they are associated with. For example, an asserted
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DISCIL.OSURE OF INVENTION
The problems noted above may at least in part be solved by a system and method for storing victimized

40  instruction predecode information as described herein. In one embodiment, a microprocessor configured to store
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Fig. 5 is diagram illustrating details of the relationship between one embodiment of the instruction cache
depicted in Fig. 4 and one embodiment of the level two cache from Fig. 4.

30 Fig. 6 is a flowchart depicting one embodiment of a method for storing predecode information in a level

two cache.
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 predecode
35  information.
Fig. 9 is a diagram of another embodiment of a system for storing victimized predecode 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, bowever, that the drawings and detailed description thereto are not intended to limit the invention to the
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to), ra’ieﬁ fnﬁ " ﬁg Tang Nt By 1eE w’g%fdes aning must). Similarly, the
wor ds Microprocessor 10 may employ branch prediction in order to speculatively fetch instructions subsequent to

conditional branch instructions. Branch prediction unit 14 is included to perform branch prediction operations. In
one embodiment, up to two branch target addresses are stored for each 16-byte portion of each cache line in

35  instruction cache 16. Prefetch/predecode unit 12 determines initial branch targets when a particular line is
predecoded. Subsequent updates to the branch targets corresponding to a cache line may occur due to the execution
of instructions within the cache line. Instruction cache 16 provides an indication of the instruction address being
fetched to branch prediction unit 14. This allows branch prediction unit 14 to determine which branch target
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 targéts per 16-byte
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may_ be useﬁ 4 e erro K| % cor ect ta bytes., 188A
Wi g"h i nBRREHE e%ﬁspw%éu AR %f‘né g g)gﬂ‘ EPEe p\?ﬁ) ecé’ gc T A
as a dbeceetmentappedcrtothere bbeg\g@bratewemm s®Bd intoythdjevel trp Fashemvtreditiogthey set
assocl gld1MfioR tonstant (step 250). As noted above, however, in other embodiments the level two cache may be
“exclusive” thercby only storing victimized information from the level one cache. In these embodiments, the
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fully associative cache with nmultiple colums or "ways". As shown in the
figure, |evel one cache lines 300 and 302 30 may be witten into | eMeN0Vt 2085
cache 50 in response to the data being overwitten (i.e., victimzed) by
new dat a $akbszig eI Ng witten into instruction cache 16- : ~gache
28. Wiile not shown in the figure, parity unit 314 may al so eéag/g%gﬂo

check [RédedsyOdcd the ixSifdBor ByREhavéSdes: HEAvePom £ mbBorf Lubgyste | BEdr Hidie Bgdécs&g S

for instructions thegt are forwarded to the processor’'s alignnment, decode,
and exe®RTHRe coufigred o gfngrate rgdreode B Rpthernshycaenbyien 6ieP 839+ ons bound for | evel
two cache 50hembodineitothhatppenpail deking forinfdidiben feslstotd 168n Bémodf thpprtdetode i t

314 ifge this fimctionality. Simil ,

check 3 ) L0y PR el Pl dked Bl Bet by e i il e
used t dstpret5tlo Natean soie cohesdtitkints ghearily detetion oy brpeffomed inpaislid ordeford # redecaiehe
28. 1 n R eneRRaLH daﬁélﬁondingifﬁh%c&dé@ltsc ARG b e?@rl}/trlll? e&egwem%gcohﬁ%\}e\&% RS

with each part_ storing a different type o rmat1on. For eXanple, the

first garEorsienal nfimupiip the proprssonistepsf)- Jethersrityichask dess nad indigete Wsirorethgpredeende 40
| NSt r uddits Gl foy tRSmad ey JuBSREN Ghy Y eRMBPEH At mide bnhetRd Or foPihéyladé ehiial 16 the ThE

second .porii.on of |ev two cache 50 may 16 10 NOV 2005 WD 03/003218
PCT/ Usd%laﬁalfbf’é‘gmﬁémé%ﬁ%s@med to exclusively store data bytes and ECC bits.

Adviéint ageoudfthe prededode bilsbrdirbiothedivalidaion bonbtaw tiegeddecodanmit nppbeenifigabdty r educe
t he ne I bhga 1 0 ' 9 t ' 92).
%gne;a& S %&c&b@%ﬂ&? i(sl?ép 2§(%). I? 913 ﬁx&gl/egode bits eenoP +c§/.|al I}% tge M%aﬁtgl cg ! thgh )

However, this type of configuration potentia uce I ency

of | evdle predgrodezammahy copfignredioniors theinstrystionfivisnand the resicusty gensgpted predacods Aijinto

R T b R N O A NG T
may _he. .generat ed.. i ng, ich part of the | evel one cac e

i nf or né?nlq%tﬁg §°6§§ng?#/%‘§£?&?%§‘?‘%@???’&? péﬂatg fi’éhed?mlf&‘f"éby?&w&’e%f‘.“egor

exdppl enceithefinsieyvtion bytes dre ad suteft thetinstriction cache el sbbedrimy thaleted RRtcadhadib.yupbecei ve a

dat a t bick i Bl GaL R : ¥ ™ :

Sim | a??&gﬁ’%“&, b?ﬁlrrig’?ﬁ %er]lﬂt 0 be sits ?dgs hf#laf[ﬂ%&]%}léb\%&&%&ggcfﬁeg g%vgl?&éamg%ﬁ' ¥nr om

dat a c&tffembesigmentenarity chegkng maybp pajformed & both e igspmationgashe (Laohelavebane prche) adat

i ndi catiRlevél i dadlie OFuiBérmOR, afity dRdciang(ny Blso beGaifciméd for thdddin mg;bUi')’HuﬁstteﬁgWanﬁ

Fi gureirzn%mgf]%t her enbodi nent of the systemfor storing victimzed

i nstructhon :yf‘sés and 10 predecode information is-shown: In

t h28- emrbodi Hidhetpredgrads bity are pqualtortht ingatidation cvosttant; the peedecbde uninmby hectrifignediastre 16,

and  EGE sl odkd ' : I | B . TN ﬁﬁ ' .
advant agéﬂ(s)usl y%%%ggk%ﬁgﬂﬁftééggﬁ)%g}éﬁlﬁg%gé%%%i np e?{%%ge%ﬁ?@'uﬂbf%m%ache
16 andigEadistely gecred, then the igstiugtion bytesapay tlse bg providelo the dspodjegmitaforriosessing- \Atistmees f or
i NSt r ubiter ﬁbﬁhlt hyﬁf&héog&&pongﬁlggﬁﬁéﬂié@hﬂieﬁ@&@ﬁ%dﬁ{tha{@&Bﬁﬂg@ﬁﬁihﬂ&cﬁ&ﬁﬂﬁsallﬁ and
witten to el two cache . Si.mila el..two cac e .
configtired To generate its r ) ut of
el St ol PR oYl G 29T 08 i, 8 e i
da?q cinstivetion Bytesfrominstypatidn caghe| reay bé stiredantd Sie bbaat tve cBéhe with @ carespaiding parityfit ahéha

systenymypegg@sgegbm_i nasimlar fashion to the enbodi nent of Figure 7A
Turning now to Figure 8A, _one enbodi nent of a nethod for storing predecode

i nf or mat i on FUNEIOHIN IS 8B,0ps eobadimertiofpansthod fr dealingpvith yictimizad dafe Besisiider t o
:c oadhaFiseaatpﬁytedmsﬂeeehu_ ést&dtdﬁlﬂmi_hédlﬂ tﬂé}ﬁaﬁ’&caré aﬁiqgepa%). Aslphit mgfeﬁmm& pmesﬁ,h&h

et ch, | i s searched. t.o.det ne t or, not .t he
i nstr ulg{t’%ﬂ%ﬁ c%g%:{{g%%ag%elé&%ﬁﬁg eg@lf ? g%er?“ﬁ%ﬁhﬁ (‘:i?sf:%dﬁd’a%}i"éssarf %‘f’%ﬁﬁeﬁeﬂ?@%@'t he
i N2 r Uk the date kytee fre stersdin @_tdeiiﬁl cachd; theyyoayibe weid frowsthe datat dadw aloyg e theirkerespeadinguct i on
byt s E@OmAREEOEELSAN 16 hoviva] BARGREE 1 O5L0R: 504 Al B3fnd OB RE be
instruction ca 5 %fteg &%2@ This is referred to as a I nstructi on' cache
hit", SEES s&°fn§%’| PEND S95pelsiEn 378) 4F iy data & netterqdin e lovl prsypachs Sl 318 fedeitrd, has
| ower - dagtbeteoyaytbh eead frdnemain esmorp(step B89).menory system | f, however, the desired
i nstruction . | ruct.i on cache, .t hep,t
instruction y%vg’gs@rr%% db%%%ﬁ%gg%%ﬂ?rg%%&ﬁ%m%%\%fonfmw(g)oncv%t%l ?urf g‘?’eg;g:%244) . As
noted iaforrpton may be gRoried{sberibiia fe &val te cadhe (9 in hofighelacshene gaehe 4nd the epdl breent ed on
the sagEhe R {Pn@is 16k1DneEachd Byl GRS Ad ndBGnehBN/Rlibs e, Gt omblnktiohd e ABSi 1 €d

25 infor [LEtLon I,S _not stolrﬂgjd int lI ei/el tx\o cgche (step 246), the

i nst r FOFTOS{SFy P 88 TFR FeREY §¥§8ﬂ‘d¥‘£‘§e BT P §2°h9 aniverr Fem erndimeaty b emprsECS r om
mai n nefmaton(fmedhy MRirGhemofss orich B8 Gatstyieh drentcdived frbia tha nfainwhelroryafibisysemj thd €, t here
may becorrespOnding ECC information may be checked (step 282). If the information is incorrect, the error checking and

- 40 correction unit may atterpt to correct the error. If the exror is uncorrectable, then an error may be signaled (step
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additional |evels of cache beyond the | evel two cache as part of the main
menory subsystem In sone enbodi nents, the main nenory subsystem may be

confi gur ort parity information or ECC. For exa t he nil KOV 2005
menor y suga/@f“ﬁ?ﬁoﬁay be conflgured to store parity bits o E@@O BI¥'S £ or

dat a t and read 3 r e_nmai.n no However,
o ot hebD e R i Taeton TR e DYEHG Tl S By SBTEEgt SE i Gt o 1
par it ybeexchayibe f€éd in thé Brehttol cadhe (step 38@0.nads reevivody nort iInsomtdtien Wishfgurd 8Apthsache may
be con te*aﬂfﬂfe%gu&% aﬂ:&i&sﬁm ?evg H;RJ éa&@t ﬁlﬁg’rﬂéaéﬁabgélmé%ls lthc: heW lﬁo@éhe QQ}' l!)erexcl&sng aJ!l(ﬁ'ﬂ

one cache ese enbodi nent e 1nstruction ad from nal

nenor y S#spadilicedly e ghaingpemprz ntalé% be stqregin tha leyrbtwo grybe Ykt igwietiized nethe lovgl om t and
an sndegpd or bit (e.g., data type bit) together with an invalidation
constant for 35 he edec e b ts i ch have et nerat ed for
the instructf ?:?FF"ENT “‘1"1"“" ‘ﬂeeleﬁ BHEE eB"P’t"§ﬂt"i§%b 335% HongBh; at ed,
or onc eictithiead ohavwesvribad step(poR)e Mrothis eventl, thegatd ilgs fom thd dataesdhe xﬂztbee sthed inpiellevélno

cache %eéch%hx?% Vi th%EorEfsﬂo (}{(?é ﬂ(?ﬂl}lés %in Ceﬁ?tg @é\gbnt éSt X e@ Pr’gésdgt)a typ @gsecﬁg OVe,

however, 1n otlrer e I'men USIVE

t her eby‘d@ﬁt tpatghesiofed infopnation iyidste and EGLCantpromtion (s frposed tormetnllcevebyteew@lmtm@ In
these grBQGHeMBRHSion)t e 1 nNnstruction bytes read fromthe nmain nmenory

subsyst em not be stored t he level two cache at this point in the 17
10 NOV 2005 ‘VEoa U0 58¥8 meers Pof STASSTIEE HEL conpigtend 1¢ §ie PRLCPIE BBy t es
have bﬂ:emcﬂim lins@dtidnbes wiile sﬂl&trmdmﬂmty mﬁmbmcsﬁraémomenmmmm tpreadecode

Eglt tez t ep ze)’rﬁ:&ﬁﬁt{ngﬁ%@e Jlx?d elgx{%f %g%ﬁﬁﬁlon cache OJ lﬁ\k{" nedz{%z?#agh'é% Ion
i nf or nBiopesser F%Gmhéﬁﬁ?w@ﬂcwe/mﬁ#h}mﬂ tZHedb?dé@mﬁéﬁ wﬁﬁhown(!diﬂefgqsarl ty unit)

mays bepxefatat/blg&&sa@umn&iamr&etﬂzs Yhay QcH hdE £pati3tnelafith H@dHRC m%%m@m hufGrbry
receive d fro mai n me %ﬁHCS}(VStep 254) . Note, in sone enbodi nents the

parity® %ﬁe“ﬂﬁymﬁ A& in parallel or before the predecode unit
generates t hﬁhleanbmmmrldzblmgza@e 6013 cadigurdal viith a mirdbei df eibregeilcratitns 406rcanfigurédhe

pre‘de%&i@ ?lgféeb(ggfg%%@&f?(%eecg o t%@,&a& ﬁt%&%le%él%%heﬁf s errupt to

t he proce SOr t he oes not Indlicate an error,

t he pr@ehogisge, WWW@&WW&WIP‘%aW%Wﬂ%l%mgceﬁ%)ﬂ%@aﬁm ned to
deper rrpda@mhhetzshemchqgcoaﬁgmea tbeg)énadt@anamatpaﬁ@fotbﬁes cooivtdnfiadih AéndePdPel MRt (Step

S?ﬁéec ;i I f the e%gcg%ﬁlljﬁﬂbl are e%%h mp%@gtlo%ﬂ@onﬁtan{tg t he

(step Q@@clochﬁonimtqnngmmmmmare not equal to the invalidation
constant, tpehe etnﬂgdug dxﬁ%g)ﬁcoﬂlpdﬂh4q@ )hﬁchﬁg)m b SHGGED addbort cﬂ&ﬁmhhf‘ﬁ

i nstruction bytes and the previousl y enerated’ pré‘glgco de %lts Into the
i nst r uteRfigFPddogenraaty aad 6‘15"1?6‘2‘) corrpghiprcodss for dnfoppatiop Hieser] i main sremp sbEyssR et | on

Eaﬁh e Nay, a&ilﬁdﬂal lateorgwatt]d hgua etﬁtetﬁan &fdﬁhﬁon ﬂ@we gaﬁelbﬂed for thobusds i d kd tubstadak i On
ytes.. | nmbodi s fo nstruction €S nmay
be generoét’f’aeal1 h% Thea™ mf’ hjiogeﬁ 4#)&/?%?”53?38’ ioegg“ Sfgrmagion PRbe %%(‘ tct i on
cache tatig BQC@NM parrt! mfmorl Msedthmmc éeﬂrem(wly describeipio pome smbedimengsanemory ) |

Thus, éﬁsy&&ﬂhﬁﬂ@&&&oﬁ%&ﬁtﬁ:ﬂ&&% t,eclf el RY mtaﬁ‘oree@m ReRbe Q@t iﬁfJnQJuoﬁ. he

Ievel two cache. In ‘other enb ments, parity checki per f or med
For - bob B b Aot s SEE 7ol ot S0y bo BB o b SToE PEvel

t vao cathBchdauremhaerrmre parity checkl ng nmay al so be perforned for the main

NMenory. subsy.s S i o hi.ts are

equal to . %e |nva)]Cs {Eon OggA {%Q%ﬁa{iﬁ{,‘% tggeco0 téggﬂn“i@ n‘i&%@g& gé%flgur ed

to st cnoeectqdlbé disqaaging the F4chin gadreading fhe weed@wqetnmq@ytemlpmqrx%ﬂo(w@r mat i on

It Eto Emg@ﬂsaﬂtewettwng@gmn{aﬁnmnz&&kgtdetiatw&eddawdttmﬁda%eazﬁﬂzs%ﬁw tne]geded
en the_insiruction r ovi ecqding units for

br o0 e R g irpnig eGPy of B R AR P BT G R AP e 1

t 85 | netreat etdro Thesglehieg Emmfonaatlsn indatngpchel28 mamtparucxﬂarlpmeﬁyheanewnﬂodnpane thecode

O R0 B o BRG] G ERn bl F 6Ly (8} Bk R bbb o event, e

pr edeco rmati on and 25 instructi rominstruction cache rraybe
stored into the level two cache with a corresponding parity bit and a
Example Computer System

Turning now to Fig. 10, a block diagram of one embodiment of a2 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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data type bit (step 266). Turning now to Figure 8B, one enbodi mnent of a

nmet hod for dealing with victim zed data bytes is shown. First; dat F ?@
may be requested or fetched by the | oad/store unit (step 370). As part o
this fetclidgsdasagess. the Ievel one cache or data cache p@yu&fSHeM ned
to determine If the desired data bytes are stored therein (step 372). 30 If
t he datag: aQXI‘n%ﬁmﬁE&tr&eE)rﬂﬁ&gh PmbRy 6566, m%pm&Q&i&oﬂ@YOStlﬁcdxﬁ&ﬂo tﬁsgﬁage be dat a

cache their_correspgondin i.nformation 7
o e Ot 58 Pl AL BT S AEEoos GRS T YRS 1 PRORE AL PSRl gt o
may be PCI bpLia4.t & sbednAayrbus hﬁdgl: S16ahaytfatherha ploeid¢dld £pondnddte anl clectibabinttefica to age orot

stored Iﬁd;'e ﬁﬂéﬁ o;: ﬁx%ew%8%&%ﬁg%§gt§ %20 Tl\ﬂg?pg&?ss%r ?Glls chg eﬁro% 2d 0¥ be

read fromnnaln revi ous o the
par ﬁtyﬁlfﬁﬁgbra@meﬁfl&l scussed in connection W|th Fi gure 8A, ECC 35 .

i nformati on gRYHkE SWQESI ﬁ%térﬁ}e Hemeéh xhleroﬁrb&ssJ)IQU %ﬂﬂ&ow %rapﬁ&)coﬂtﬂallé?m h

the |l evel one cache and the |evel cache, (c) in the |level ane
cache, P&af devises aftachaddo PC] bes 214, Wh‘f?é‘ﬁﬁ??aug‘tﬂﬁé"%‘?%ﬁ?m erefpEthe é"dﬁffl CAERFY9RbYs o
al so  [eigg S0k dud widge 502 idshﬁﬁ&ehermga omempe:yucwb@ yﬁatr&maadaﬁc& digin the vt of PGDbuE ac he

only) S Q | ry,
once ¢ RSB Berattuby S SRR s e BePRb ek PR R0 BN Pl seR
corlp es pordiln GaiEaes dnopastiomfonnthe pripbnd ueh brthegurteadedp: @ 8R)to the ﬁrofp&tvéuqc(mydhmt i on
IS i nc%%e?ggmebtﬁs error checking and 40 correction unit nmay attenpt to
correct The error. If the error is uncorrectable, then an error na

b
si gnal ed ( stlBpdditgn togrogidips sontracp 2p A5 AJEISS bus Fs@ET by b seoondasy bys bridee I5¥6 lf“g{e ECC
i nfor mwm¢ospoﬁ&raaaﬁdna1(tim5uohhﬁy &Y desifed.i For %ﬁﬁ:ﬁlé;(iﬂ @d }mboui&eﬁt, stelswdzE;CKﬁs bridge 516

f t | | h
(ot on Bt bbb oSS o bR MR SR B Sl T St fohecdidai oS
as 96 me shewm), ieitlet exeermakfrdoeoy mkglam witlassbamdary bps bndzeS Térmzydlsmmducteﬁmthweipw
cache mRYofms vm%we?m fggﬁbn?ora ﬁ,rbaar& £Rhofte 58GhA %&aﬁa@s&m 4hd PRARY phrd] BY

not be stored i'n the level cac it Is victimzed in the |evel
one 5 dﬁsgéﬁe*”%{emé'&ﬁ@e Yoot Shﬁm)rﬂayf‘ﬁﬂ‘?flbﬁ‘é"“l"t’ﬁéC?‘é@‘él52‘b?FéW"6%1’€ﬁ§’P‘["FeFF§‘ B oring
th e) dataid ﬂhy bidze 502Gn %mﬁﬁfeﬂmtmwaﬁﬁf&& tﬁ@eﬂeiﬂhl@ﬁdhﬂiniﬁd ﬁafplea \tﬂjg%ﬁdgé 300 gﬁcs tep
392 | n , t es fr e ache nmay be stored into
t he Iev%"ihe n\%% ??érc}% fhe %8cha\’ﬁﬁet’ﬁ%}bﬁgt° ?eglleniom n‘?ﬂ %cC bits and a data type
bi 20(step 366jin mdiwey WA isa meppey nbwtucbmaglisdmusmtm@rﬂ stomsilamhﬁﬂen whichtmi¢tppgocssserr ed

| nf or Mgp pQhritPextldfed PRk Hhain Ry 5 béip &éﬁkﬂﬁ?ﬁﬁﬁ&cﬁ&n&oﬁxﬁ&c&é&%&%%& €s

with pari t% and 10 predecode i nf'ormation Turning now to Figure one
enmbodi REfFablTa plpralify b banksof SURAM (S xuemqmp o store predecode infornation
for victim zpemdemedmmslmmebmvaaIv&w@tdfbdnpnm&evﬁesrsgchpamorremnpﬂeﬁmﬂdzcc

pr ot eCtiIterBieftfor \é/idgc;[ Iccrzglera u%lo carlay or t?o cﬂs%\«%)v or contg??l[r%\%%? AL dat a

processo one 1’ ns I’UC on caC
caghe gamput@mwmadapmmdmmsarm §urelemxs;&pim¢eét1&h ilfpstrativelof vasiqus

| oad/ S pilerﬁ ﬁmcéﬁ sﬂélh&%oh&n, [ Q&m& S s v&rﬁtyp)i’ W&h%@%@&% &rmter and

Ioad/stor§ un|t 26 may each include a parity generation and checking unit
402 an8eBPysdptetct @i ng and correction unit 404, respectively. In this
enbodi ment , Graphies codtratierc®is pfdvid&l t6 confrolgherrandering ditexfand tidges onafdisplyn§28,g6raphics

| t f th

cor ¢ os S o8 S0 chi £ Ol prailictafeoRel foler O afard s Rl oAbttt

enBddi ﬁ@mﬁucméwle@mmhe@ﬁecgw shiftedinte gnd frrm menwwwplw gerpigliqr 608 mey o

l\/é mory th@&f&éw agﬁ.&%r‘lﬁ{gGﬂﬁié 5 %d’kﬁ ]gﬂadecaa qu&@trah& XcehB a&esé%l tary¥p in€Fade Svithif Bsbgageed
(0] en a chec arl or es_Co m mal n, nenor

LG S efthy o aRce Ay P eraeri s Ao e RIS PO AT 96 R, e

conf i gfvmethainithemogdtd. tHooradin eperstiony, graphicy cagellér Sefatdydurtherbe codigaed tn genpate PCY

i nfor {o {(i tl%ﬂqucu Aé@n Rbp EJS 5%' bﬂlg A@? %eifgcer@g@ 'i:&fdgg %trﬁagw{nclﬁée%&}ﬁaﬁ%l ude

error ec correction unit
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 liquid crystal display ("LCD"), etc.
Tt 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. It is further noted that computer system 500 may be
40 - amultiprocessing computer system mcludmg additional MICrOProcessors.
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configured to generate and check error correction codes for inforna .@Lﬁw 2005
stored in main nenory subsystem 420. 25 Note, additional error che g
and correction informati on nay be generated for the buses used to transfer
t he i nf orWEt9EPB28%t ween nenory 420, menory control | er 410PCHNE028@essor

10. This |nfornat|on may be in addition to the ECC and/or parit

i nf or mat i on 1g# %‘E&g@@’dmﬁ%ﬁh@ﬂﬁ preseat dispusgiongpay referdetheastepianof vitpussigng e%lfb‘ffél nent s
menory hersmbsggsal Bl'risé&tgd"aﬂﬁhoﬁ@mrvyl?ﬁﬁdﬁahﬁ of & partichlar dmﬁyuoheC@odfe‘elygwgad flsv\n t hout
suppor tgfor, parit Lor.. ECC i nf.or he. figure, in
sone e O rteﬁ1 F 0 assegtf,c{ 1ir it i conveysa ¥ val cal:lve 9E2 %@q{ 2 5"6?“5‘%‘ C{)]b 0{1. 01} %gralax?ag F ype
bits 49@116@@ b¢ @sertechw;hvn daghersh logleal zeB) m}lb er, tnnt/erskyr whesit chavepod legicat dne walgh t he
usesof AR@fidnhiry, %Bu% vmﬂesthm bhe Y&k 1of8 bﬁﬁ?&éc&&ﬁéd il &a&fh%c%s@omm@eemay%gr rected

by di scarding the cache |ine an rea correspondi ng instruction
byt es fFGHEHEIS Weaﬁemmfﬁ hgengrgly H}Vt’%modlﬁ@ngﬁbedelw@dhawls Fzered byflegicnmt i on) .
| N contifcafdy whichRcdhat e s Edieiaﬂplb%&ﬂévaﬁ@&nﬂﬂﬁe@a&@ﬂﬁ ®gid &at@’&)ﬂleb@luemfbbf i ed,

t hereb ti t i.nal cqp, of t al n nerm t he
stal o BT Beit B we bt ot pp sl i o
i nf or mavalign S¢tiing dhetvalucia diedovalisl mgmmqumq Vabie koehre Idyca:dsé fMHmomllss anebierlbodayent s

t o qg9pr JBaAt e & Q4C R, yi ng
'S b oo B D! R BRI e e R R AR i cnl i B 0

. anpl e
a bl oc °m1%gp&ﬁ%¢m®ﬁ@démaw€mwﬁe&££@ﬁﬁu{ er system 500 utilizing 40
M cr opr oces 3Qystekhnil &eﬁ&ﬁ%torﬂébréd@lﬂdﬁﬂ@inﬁﬁ&ﬁn&ﬁm ingthiBioR aﬂmmﬂ%yé%sl S

C23P\ ok 51k S8 S ST b b B, an

graphi emsideoablerdethil, others@Bodirgents aig pbseiblle tmwl clmuenﬁlutadd {jehobid Be unﬁém@d that thendrav@i2s bus

51 F " 4%§a§ X " Q@§y
br ?égewgggth%/eﬁrd %ﬁtg}uwﬁu&%ﬁgﬁgg%ﬂ.ﬁ%@cgn ;%Pf r| ggég&%?% Tr?% uf’t her

be pr ofhf Hsgtionds ta eeverAtkaredifigations cgivalopts;apdglicmativey "P’&ﬂ{ﬁﬂé“té?d scops PEE| SA or
| SA depresemtSnvorkidn istefied By Bdlappn®d/claind. bus 520. M croprocessor 10 is coupl ed
to bus bridge 502 5 through a CPU bus 524. Bus bridge 502 provides an
|nterface betmeen nlcroprocessor 10, main nenory 504, graphics controller

] BERCABHE] bus 214. When an operation is received
frgg one of the devi ces connected to bus brldge 502, bus bridge 502
identifies the target of the gperation (e.g. a partlcular device or, in the
case of PCITHﬁ@“mg%%sm?ﬁﬁ?h?ﬂ@“?ﬁPﬁ@?mﬁg“ﬁﬁmPCJ bus 514). Bus bridge 502
routes the operation to the targeted device. Bus bridge 502 10 generally
transl ates an operation fromthe protocol used by the source device or bus
to the protocol used by the target device or bus. In addition to providing
an interface to an | SA/ElI SA bus for PCl bus 514, secondary bus bridge 516
may further incorporate additional functionality, as desired. For exanple,
in one enbodi ment, secondary bus bridge 516 includes a master PCl arbiter
(not shown) for arbitrating ownership of PCl bus 514. An input/out put
controller (not 15 shown), either external fromor integrated with
secondary bus bridge 516, may al so be included within conputer system 500
to provi de operational support for a keyboard and nouse 522 and for various
serial and parallel ports, as desired. An external cache unit (not shown)
may further be coupled to CPU bus 524 between m croprocessor 10 and bus
bridge 502 in other enbodinments. Alternatively, the external cache may be
coupl ed to bus bridge 502 and cache control logic for the external cache
may be integrated into bus bridge 502. 20 Main nenory 504 is a nmenory in
whi ch application prograns are stored and from which m croprocessor 10
primarily executes. A suitable nmain nenory 504 conprises DRAM (Dynam c
Random Access Menory), and preferably a plurality of banks of SDRAM
(Synchr onous DRAM) .
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PCl devices 512A-512B are illustrative of a variety of peripheral devices
such as, for exanple, network interface cards, video accelerators, TGN @05
cards, hard or floppy disk drives or drive controllers, SCSI (Small 25
Comput er Systens Interface) adapters and tel ephony cards. Simlarly, |SA
device 518 is illustrative of various types of peripheral devices, such as
a nodem a sound card, and a variety of data acquisition cards such as G°IB
or field bus interface cards. Graphics controller 508 is provided to
control the wWindekldde®]s:t ext and i mages on a display 526. G aphics
controller 508 may enbody a typical graphics accelerator generally known in
the art to render three-dinensional 30 data structures which can be
effectively shifted.nto and frommain nenory 504. G aphics controller 508
may therefote be*FUFPPIWFLSOF CHOPIIPNE: 510 in that itcanrequest and receive

access to a targ i 14 hin, bus bridge ..502 to thereby obtain
access to main ngatn%ﬂrt}g&%gé.ﬁﬁlic%%&é%nge@% tiph bytes g BeBeARes rapi d
retrieval ofcolmbpondingqiredibde HESMIatop04. For certain operations, graphics
control ler 508 may further be configured to generate PCl protocol

transactions on Aupngmetion cachievouplePto the prddacle @hit bnd cdufigdgd (56@rathy t hus

i ncl ude functj | i to support bagth AGP protocol transactions as well
as PCl prot o%‘ﬁ&ﬁg? Bi'res %‘géﬁeﬁf‘?q%&?‘iﬁmfmg%wwndmgég theyingipustions bydesy

el ectroni c di spl ayloadys0reHiCddnfiBus ) n be presented. A suitable
di splay 526 includes a cat hod([a1 ?g{/eﬁ?ggeecgfvffd% 9; a liquid crystal display

("LCD'), etc. |t adataenchelcotfiguredioirbesiteendAR: theGhta byted floBfthelloadlskfe buses
have begn u exanples in the above description, any bus architectures
may be substitlited as desired. It is further noted that conput er system 500

may be 40 a nul tailwebwsi&&dl@cﬁﬁﬂ%é&{ i ki |
m croprocessors, 20 10 NOV 2005 W 03(7%%%2%%%%{:&%8%3%%@&?@%3“ |l
further not ‘?ﬂ‘&tm%twé“ﬁ‘i eachg and| vistindzidahatatyes fmnethetdatatdacheg sderein the of

vari ous si gngedew i a.signal is "asserted"” if,it, conveys a

val ue indi cat ie?}tewo cgégsgcrotnlhg{lﬁ%g?o Ecgﬁ'&egf‘%ﬁt?m@ﬂ%éf’g’é??@%mg@ %

" deasser t ed'informitiomt fortteatdrediVictimiield iﬁﬁ%\éﬁdiﬁbfesVﬁldJﬁhéreﬂitE@kivMQwef a | ack
ef

>

of a pfgticul,q%.con ition. A signal nmay be Ined to be asserted when it

conveys’ a | &8F dfc‘}‘g}rgb“ deeebye and stare exey sprreqtinarcode bitofor éhesstered ogi cal  one

val ue. 5 Add,ﬁgtjﬂggaj‘jayab%@g'i ous val ues have been descri bed as being

di scarded in the above discussion. A value nay be discarded in a nunber of
manners, but generally involves nodifying the value such that it is ignored

by logic ciycui ﬁ‘ﬁ whi ch receives the value. For exanple, if the value
conpri ses a“pit, ‘thoUfggracesspreielam 1, furthesinpluding pdsity genevationeadt o di scar d

t he val ue. bﬁe&d}%“%h%nﬁéu@@to@ -bit value, one of the n-bit encodi ngs may

i ndicate that the value | Invalid. Setting the value to the invalid
encodi#ly causes greratakheepatity bies fr gRandRBtio Sidkd (eIl to BS Ivel B Val ue
may 10 i ncl a valid bit indicative, when-set; that-thembit value-is
valid. - Rese ﬁf'& the valid bit nmay conprise discarding the value. Qher

net hods of di scaelcﬁcagh@p&aj,gﬁs fmﬁlﬁ%s&lﬁzﬁgnﬁgtel R feﬁdﬁ{%}?&?‘@@ﬁt‘%ﬁt hod for

storing predecode information and victim ze ruction ta bytes
has been d osed. Wiile the enbodi nents described herein and illustrated
in the figures have been discussed in considerable detail, other

enbodi nents are possible and contenplated. It should be understood that the

drawi Js 153and dhe midreptodessarrdfittdia, ¥herelthe Ve PRAAGChOis diviitd fRs

i nvention tgac@]h? %%ffhl cul ar forns disclosed, but on the contrary, the

i ntention i LUBB °‘E¥P}&ﬁﬁe‘f ilings inshide adigstistosgsrares andreiseabacbstomps ves
falling w tées witgeifiRhdH Q e, present invention as defined by
t he appgndeﬁtbg’l ai ms. | N[éuagg?@Rh{&K 'I'_M Lsfoﬁo%or-mprse ’P%%tﬂf{; is

i ndust ri al | {pdigefive efahathero(a)imstroptiondst@QkSstored in the cache line's first storage

area, and predecode bits and a parity bit are stored in the cache line's second area, or
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21 10 NOV 2005 What is clained is: 1. A mcroprocessor conprising: a
predecode unit configured to receive instruction bytes and generate
correspondi ng predecode. information; an instruction cache coupled1 qMNQﬂM
predecode unit and configured to store the instruction bytes and t&
predecode information corresponding to the instruction bytes; a |oad/store
unit configured to receive data bytes; a data cache configured to receive
and store the data bytes fromthe |oad/store 10 unit, and a |level two

cache configy.e [eceive S ore Vi ctl m zed instruction bytes _from
t he instruct K@&&ﬁﬁﬁs 4R o W’?‘f‘q“’ﬁ edine'’s finy sternee prsardhereRRopeRlnsifade
wherein the bﬁ@m'ﬁ&f@@llﬁﬁe@é‘cﬂeﬁu{é@%&&&ﬂrﬁ&aé ecel ve and store parity

i nformati on and predecode | nformtion for €%t ored victim zed
instruction bytes, and wherein the I evel two 15 cache is configured to

recei ve and tore rrqr correction code bits for the stored victinmzed
data bytes. 2: FFI9BrasesseE of claim ¢ furtherincloding bor chadkinglandcoprastiony

gener atign alﬁ% &ﬂ.&f‘gg Jogl c configured to: 20 generate the parity bits
for the instruction ytes transferred to the |l evel two cache, and check

the parity bits fgendrdte thmfdr%@hb&ibntbﬂd@ht& R Gl tfﬁ%fe}r@&td ¥ Rlvell VO

cache. 25 3. The m croprocessor of claiml, wherein-t vel two cache is
di vi ded |nto'W%§%ﬁ@ﬁmﬁnes wherein the cache lines |nclude a first storage
area and a second area, .wher o e line_is configured to
store one or rmrecler‘fg ?tgqxcgftpgththdg %@ﬁ&%&ﬂ%ﬁmf@)@d@?ﬂﬁhﬁ VEbn
bytes are st oweehche the cache line's first storage area, and predecode
bits and a parity bit are stored in the cache line's second area, or 22 10,
NOV 20 (b) data bytes are stored in the cache Iine s first storage area

and error cokrect ored the e econd
storage ar ea5 ﬁ;ﬁé‘m?&ggr(%ér’égér:%ﬁ 4 vg}egﬁ § errpp PR g‘r"g iaf F?E‘?ﬁﬁ@“ g’rgi‘cor
checki ng andismonﬁgmad WuseltRgérorGdRiebGOH E5dle bits 1dIRRREAH Fealst Gheif @fors@r F €CTi ON
code bits fo two cache, and check

e data bytes transferred to the |evel
the error co{‘ﬂeé’g%%%@aﬁfteﬁp@?%ﬂwﬂmlmmw es transferred fromthe

level two cache. 10 5. The microprocessor of claim4, wherein the error
checklng and correction logic is configured to use the error correction
code bilPs t ob.cor r Antapparatugeshpdsiag:bi t errors in

a processor configured to receive instruction bytes and data bytes, wherein the
processor is configured to operate on the data bytes according to instructions formed
by the instruction bytes; and

- acache configured to receive and store victimized instruction bytes and
20 victimized data bytes from the processor, wherein the cache is oonﬁéured to receive
and store parity information and predecode information for the stored victimized
instruction bytes, and wherein the cache is configured to receive and store error
cotrection code (ECC) bits for the stored victimized data bytes.

25 7. The apparatus of claim 6, wherein the cache is configured to provide the
victimized data bytes and the corresponding stored ECC bits to the processor in

response to the processor requesting the victimized data bytes.

8. The apparatus of claim 6, wherein the cache is a level-two cache that is
30 implemented on a common die with the processor.
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the data bytes transferred fromthe level tw cache. 15 6. An apparatus
conprising: a processor configured to receive instruction bytes and data
bytes, wherein the processor is configured to operate on the datalbjt\els
according to instructions formed by the instruction bytes; and a cache
configured to receive and store victimzed instruction bytes and 20
victim zed data bytes fromthe processor, wherein the cache is configured
to receive %nd store parity information and predecode infornmation for the
stored victi i zed 10f ABRaratEs phelaisy 6 ewhergindhevashe ism Ievel-twachdheitlsat conf i gur ed
to receive a r,Qf: et | code (ECC) bits for the stored
victimzed dgggﬁg%@gshfg@?r%%ég%gﬁ%@%eﬁ L.claim 6, wherein the cache is
configured to provide the victimzed data bytes and the correspondi ng
stored ECC bits to the processor in. response to the processor requesting
the victini zé® dadbe pppasatus of claineé, aplareiatths protessdrdunthé coiessiparityhe cache

isale\sel-t .S . 30 i | enented on a commbpn die with the

che that
processor . 2%@%6@?@“35’5@"& gusdde of claim6, wherein the cache is
a level -two cachegddegdte e pakiiPhi q! an piferent di han .t he
processor. 10. Th% agpar at?us%l%glh}%h ,-\ﬂﬁigr?k}'tﬁs{rﬂg%ﬁe&?g@ggpc&eumdher
conprises parity clgckémwerasity bits fon thecinsteddtidg by R ansTadd foth 8 dadhe. geNET at €
the parity bits for the instruction bytes transferred to the cache, and
check the parity bits for the instruction bytes transferred fromthe cache.
11. The apparit usTR appasinkd ¢Fcl ' . caghe is confjgured.to provide
the 10 victim zed i []SI{HI’ ucti or? %ﬁé?ﬂ%ﬂé&n?ﬁe‘%@?ﬁlfﬁ% iﬁ%?dntg pé?vd‘ilee epari ty
i nf or mPi on Aemized instruectiastentindghs taragopling asRd i infomblidHardahd he

processor i e to the rocessor requesting the victimzed
i nstruction by e@?‘ﬁ@.&qﬁé tdp IIgption teithg precessprdp sgsporsedo ficocessor i s

conf i gur ed tptoerssortrbuestify BOVKEASJTRSERERHBylQT O mtion in Iieu of

generating new predecode | nformation. apparatus of claim6, wherein
t he cache conprises cache lines, wherein each cache Iine is configured to

store an i ndmncat it ndi b of , whet her the logical b]ock _stores

pr edecode b;:i!tz's f?ﬁe?ﬁgﬁﬁﬁlgtoggiﬁt%gll’e‘gh?ﬁ ?ngﬂﬁg%ﬁi@dﬁ?g&i on bits

for dba bypewyedpretiécodsinforppeorbinUfoudst gehdhekiw @Q&%ﬁ%ﬁ}&&%&@he line
rea

i nclude a fillc}s,&ﬂ]stora e area and a _second storage : erein each cache
line is confPgtfedP rcdainy b, whereia thercachi commridesedchy tines, whiveirherh ( a)

o etoeote b rotiedine 3 Borslhdfio sford AT indfGHGE bit ifSiestive st svhstior felezicd bl 25
area, or (bptodatpredeebdsbis for kisttectibn Bytds e%FH?ecking%& cbirkbn B9 Fg0€e area

and ECC bi ta arbe stored in the cache line's second storage area. 15. The
apparatus o ata bytes, 6, wherein the processor further conprises error

20

14.  The apparatus of claim 13, wherein each cache line include a first storage area
and a second storage area, wherein each cache line is configured to store an indicator
bit indicative of whether: (a) instruction bytes are stored in the cache line's first
storage area, and predecode bits and a parity bit are stored in the cache line's second

25 area, or (b) data bytes are stored in the cache line's first storage area and ECC bits are
stored in the cache line's second storage area.

15.  The apparatus of claim 6, wherein the processor further comprises error
checking and correction logic configured to:

30 generate the ECC bits for the data bytes transferred to the cache, and
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checking and correction logic configured to: 30 generate the ECC bits for
the data bytes transferred to the cache, and 24 10 NOV 2005 check the ECC
bits for the data bytes transferred fromthe cache. 16. The apparatus of
claim 15, wherein the error checking and correction logic is confi@Ngegioso
use the ECC bits to correct at |east one bit errors in the data bytes 5
transferred fromthe cache. IT A nethod conprising: receiving instruction
byt es; generating predecode information for the instruction bytes; 10
storing the instruction bytes and the predecode information in a first
menory; outputting at |least a portion of the instruction bytes and the

predecode infornati.on w arity information tog a second nenory in
response to the Fﬁ@g&ﬁ@;ﬁ(ﬁ)&bﬁg&r g@%ﬁ%@@émmwtfaﬁnﬂm@ first menory;
receiving data bytes; 15 storing the data bytes to a third nenory; and
outputting at least a portion of the data bytes with corresponding error
correction chide iTeappatatusrofictaiinties, st iithderdyl shetking esdevifeetiorlopitds dat a
bytes being overwitten in the third nenory. .20 18. The nmethod of claim
17, wherein guigd dmbserilenBOL bits tgioprigeicnt leastone b lemrors in tleesdatabidesei n t he
nmet hod kurt £ I staring an indicator bit in each cache line in

t he sec%nd n%hﬂnm%&w\?\#?gfgﬁeré&hee indicator bit is indicative of whether the
predecode bits or the error correction code bits are stored therein. 25
19. The method of claim 18, further conprising: storing an indicator bit
for each | ogi’cal hmsthodgompmisingecond menory, wherein the indicator bit is
i ndi cative of Wneé@gr. gregr%cod its or error checking and correction bits
are stored t hereili- 308 FFUughn fiod of claim 18, further conprising: 25
10 NOV 2005 convehéegtibdpredbcddRasforforSfor e dnthidbiés and the
corrersTEBndl ng stored ortion of ‘the instruction byte€s and the predecode

i nf or m¥i on back %wn&fgepwﬁe@wxhﬁesmdéhepwd@héemfmsomaﬁrs@mmogured to

use the conveyed 'E;ﬁﬂﬁfg{) i i i.n lieu.of generati,ng new predecode
information if tﬁ)gl pari %q?)a!sp;ﬁéquééro?@&etxps cgaqb}ge%%ﬁgg?gfedg%gg em
conpri si ng: information with parityrirfoeiytiortto EseRsnd fieblyqh keposRup iiRdnitactifie mai n

system nenory; ?%m' croprocessor coupled to the nenory controller, wherein
the 10 m crd%?eé wg gvepriteninithe fismegonscei ve i nstruction bytes and data

byt es, wherein t Q@ceiving data bytes;
15 storing the data bytes to a third memory; and
outputting at least a portion of the data bytes with corresponding error

correcﬁon code information to the second memory in response to the data bytes being

[Z]

overwritten in the third memory.

‘20 . 18. The method of claim 17, wherein the second memory is divided into cache
lines, 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.

25 19.  The method of claim 18, 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.

30 20.  The method of claim 18, further comprising;
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processor is configured to operate on the data bytes according to

I nstructions formed by the instruction bytes; and a cache configured to
receive and store victimzed instruction bytes and victimzed dat & §yoyeg05
fromthe processor, wherein the cache is configured to receive 15 and
store parity information and predecode information for the stored

victim zed instruction bytes, and wherein the |l evel two cache is configured
to receive and store error correction code bits for the stored victim zed
data bytes. 22. The conputer system of claim?21l, wherein the nenory
controller further 20 conprises parity generation and checking | ogic
configured to generate, and check parity for bytes transferred to and from
the main system nEgyeyingihe atipest eperplorest pasipsbibanddhe corsisporiing sibredei n t he

nmenory contr f. .CO ises . error correction code generati on and
chec k?/ng Iog%}ﬁ?&)1 Y %&@@?P@@Eﬁéﬁaﬁ gleﬂ?f‘“’éﬁ? _ a@qx}lgﬁcﬂ&,gl,e@&qeﬁﬁqr,c ode
bits for byt eeioiraihepRsdessdr isconfiguldddB st he Whveysd pib8Bod SRR mhtiof th lieu

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

21. A computer system comprising:
a main system memory;
a memory controller coupled to the main system memory;
a microprocessor coupled to the memory controller, wherein the
10 microprocessor is configured to receive instruction bytes and data bytes, wherein the
processor is configured to operate on the data bytes according to instructions formed
by the instruction bytes; and
a cache configured to receive and store victimized instruction bytes and
victimized data bytes from the processor, wherein the cache is configured to receive
15 and store parity information and predecode information for the stored victimized
instruction bytes, and wherein the level two cache is configured to receive and store
error correction code bits for the stored victimized data bytes.

22.  The computer system of claim 21, wherein the memory controller further
20 comprises parity generation and checking logic configured to generate and check
parity for bytes transferred to and from the main system memory.

23.  The computer system of claim 21, wherein the memory controller further
comprises error correction code generation and checking logic configured to generate
25 and check error correction code bits for bytes transferred to and from the main system

memory.
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