30 SEP2003 WO 00/ 39670 Del ayed Deal | ocation of an Arithnetic Flags Rgg g;gpezgga
HCT/ U%99/ 31321 5 Field The present invention is related to processors, an
nore particularly to register nanagenent in processors. Background

I nformati on The function of a processor, such as a mcroprocessor, is to
execute 10 progr 3B0037Bgr ans conprise a group of instructi onsperrg®hsiza

i nstruction is broken down into one or nore operations known as

m cro-operations (referred to herein as "cops"). Processors execute uops

by readi ng operands fromone or nore source registers and storing results
in one or nore destination register. A register is a tenporary storage

area within a processor forDilediDegligvatibhorid .Qriﬂi’iﬁ’eti’ei-‘lé%'i&gisfe?sm ts used by
the processor. Registers are individually conprised of bitS. A bit is a

binary digit and represents either a "0" value or a "1" value. D fferent
registers may besused for different functiagrgg For exanple, general purpose
regi sters are used interchangeably to hold operands for |ogical and
arithmetic operati ons. TNSREEFH INVEMHOFdSEElateslyp Hrasessomeapd berameitufaoly ol di ng

status information re@GeVin@nagethiitsprbded@Pi ts, for exanple. The term "I A-32"
refers to a well known instruction set utilized by an Intel(r)

architecture fanmly of processors, dBagkgrdwadReformatign) || i croprocessor

and the Pentiun(r) Pro .G factured by Intel Corporation.
| A-32 defines a speci al purr%gé]g&fazg?%fsgg%{é%a?eadm%rr?p'ig SHESS 1eGeSter. The 25

EFLAGS regi st er 1@orpsegrems Rrogambiemprisag grapios irriructdhs: Eabivingguctiod [soup of

status flags, cont fi nd systemflags. FIG 1 is a_ diagram of the
EFLAGS register. r&é ngﬁﬁgﬁnﬁo E?egﬂﬁori?p?ﬁ@nggﬁws1"}‘%{@'91’%{?%0“?Héfel?a‘i d by

an "S," the cont r dierdid agubss”). Nttoceadoarkxyut@udpeby raaBite bhdardly #bRiBnk LAOS are
I ndi cated by an "X "ore'ls'g\da stattus f%ags contained in the EFLAGS regi ster
al low the results of "SRETFUPNETANLHPEME EF s it Prsets Sorg destinatiomesgisisnt A ons.

The status flags (atgisteciahkeshordry §tbeaps irea within@tockass ijﬁol&ingﬁ%%mtw zﬁ’xg at
bit "0", a pari flag at. bit "2" —an auxiliary carr flag at bit ", a
P J theg esnlt y divi j
zero flag at_bit°" 6" KUY Phe aioceiser Resisi a9 wiividually comppised rtits. ' and
an overflow flag atA bitts a'tidary diERene Rplesats dithath 0 Qhﬁ Bk i Oal#? qﬁ@l&%
regi ster controls str.i nr% i nstructjons. The control ag of the
register is 30 SEPf%%‘_e may be used for different functions. For example, general purpose
registers are used interchangeably to hold operands for logical and zrithmidiic
operations. Special purpose registers may be used for holding status information
20 via various flag bits, for example.
The term “1A-32" refers to a well known instruction set utilized by an
Intel® architecture family of processors, e.g. the Pentium® I microprocessor
and the Pentium® Pro microprocessor, manufactured by Intel Corporation.
1A-32 defines a special purpose register called an EFLAGS register. The
25 EFLAGS register comprises a 32-bit flag register which holds a group of status
flags, control flags, and system flags. FIG. 1isa diagram of the EFLAGS
register. As shown in Figure 1, the status flags are indicated by an “S,” the
control flag is indicated by a “C,” and the system flags are indicated by an “X.”
The status flags contained in the EFLAGS register allow the results of one
30  instruction to influence later instructions. The status ﬂags. (also called arithmetic
flags) include a carry flag at bit “0”, a parity flag at bit “2”, an auxiliary carry
flag at bit “4™, a zero flag at bit “6”, a sign flag at bit “7”, a trap flag at bit “8",
and an overflow flag at bit“11”. The control flag contained in the EFLAGS

register controls string instructions. The control flag of the EFLAGS register is



WO 00/39670 PCT/US99/ 31321 stored at bit "10" as shown in Figure I. Tge) SEP 2001

steﬁ1f|ags of the EFLAGS register control input output, naskable
i nterrupts, debugging, task switching and enabling of virtual 8086
execution. The 3XBWeA$P| ags are stored in the EFLAGS regi st epcpisdisifH," 9. "
"12," "14," "16" and "17" as shown in Figure 1. 5 Traditionally, a
processor had a s#tpgh et BiINSOF acthown irskiyre $UThe asteihfingh Af §:2 EFLN&EY UCt i on set,

for exanple. Typigcag he processor coul.d only accept operating systens
and application p%@é#%%%"aﬁoﬁlnﬁﬁLa%utﬁuhﬁaﬁlﬁ‘gt‘gi”i')‘ﬁmé‘l—{\%{ defuegineadcgsbmg and
architecture and thbliigatviruat 8686 cSQULGT The YRIMNTBN L o) tES @‘EFLF—\E%
processor is no |onger of executing_ an existing sothare ase of

0 capahl, Al A L
operating systens ARt 1P Sppl i batildn PP FAANE . asABown indlighre 1. f undanent al

changes, and t her ef orBradiljany. o EARERR d Sl AGRRAGH scRIsfilH 4sd 1., and
instruction sets,, have not been possible ere conpatibllTty Wth a

previ ous i nst ruct PEfcEeR sstdoexampler Epiendlyi n probsseartcovld ontioaseeper , U. S.

Patent No. 5, 638, &2batink seepnsal SHi; ' : | .. Corporation,
describes a pr oceés:%o_rmgrs'chi %Sec_t re‘?‘%‘g’git e of‘@%&:@%ﬁ%’@“ﬁ% ﬁ"b‘i’r@:eﬁﬁjr
operating syst emsAraHgcfsng gietinonctipnograntndshagligiafiéred, @md procskdricid on
sets. This archijpggeduy I oJLhESt. Rrogram usi ‘a first instruction
set to execute con%r‘rpggltglol{/g%\néltnﬁ’? aﬁ"g%%@ﬁa p?r&??%?rﬂr}gg‘?rﬁtg‘gasyaﬁ“\sé‘i‘qent
instruction séf tapaticaton programsompatrésblt cundatientahehahges nd ik isdfbrCinbep Set. One
speci fic enbodi in.the .'525 tent conpri ses a_m croprocessor
that can accept n?g?ﬂ&ggggﬂ%ﬁg?sof Feite ﬁt("ﬁeiag&l"s%"?gf 13, Ravenas hegs Rossiblet r uct i on
set. The term "cowpat cdmmtibidisy wisledpreoss ilsuuelict st k5@ dediRd@Rlikh bYje@fean

instruction of one ipstructi set.architecture to operate with a

different instructi on%s?‘é ven gr%ﬁf“?’&fﬁ\%?@?é’ or Cadpasind assigeeditadateiuct i on may

be from a previ ouSorperatsm tesofibds A@rocksss drdhikéter c%bleﬁs%egﬁ%ﬁiﬁﬁi gl N_order
rocessor 25 architecture and 1 nstr CtIBH set while

to provided arll-i %ov.ed )F*)? ure. |
at the sane tine TEIHEBFRIHS 2pEARPUEIUGR Progyamsiuging diffessnt instrugtivntsescThisn set
it is desirable tachiretufallbRea hat shagke Wiagdh ek SiutQionshGo RE&YIOUS |

instruction set. The new hardware (Such as the execution units and the
register set) is SFRBHUTYY WiB & Sgeend pregram| using @ diffasend irtstrodiion setatatosisot
instruction = set.coBfafible AiHl A @ insPruBioASES TH Db oim AFGE0L g mul tipl e
instruction sets to accept both the A glz%?lﬁ§§$§%t+n§r?8%e{1?§}o%ﬂg%ei ke and
a second i nstruct TorPABE compiisesp fusropsicessenthat tcamphogerit dothhae3 2| bi¢ iddnicrisd r uct i on

set or the |ike, defardh A% ih@kbontsat
The term “compatible™ as used herein refers to the ability of an instruction

of one instruction set architecture to operate with a different instruction set
architecture. For example, the instruction may be from a previous version of the
instruction set architecture. In order to provided an improved processor

25  architecture and instruction set while at the same time matntaining compatibility
to a previous instruction set, it is desirable to reduce the hardware dedicated to
the previous instruction set. The new hardware (such as the execution units and .
the register set) is used as much as possible to support the previous instruction
set.

30 In order for a processor capable of accepting multiple instruction sets to
accept both the IA-32 instruction set or the like and a second instruction set
which is not compatible to the 1A-32 instruction set or the like, it is desirable that

the processor be able to manage the information contained in the 1A-32
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t he processor be able to manage the information contained in the IA—3§U & Foll03
dep 2603 WO 00/ 39670 PCT/tJ S99/ 31321 instruction set EFLAGS regi ster or

the like in a manner that is conpatible with the second instruction set.

If the second ing&oro%géiﬂg)n set |lacks an equivalent to the EFLAGS register

or if the second instruction set experiences a significant pefFTadIuBIGRI

penal ty by maintaining.the AGS register or a portion of the 5 EFLAGS
¢ EECASS st

register in the sal friRhE @ thedikein 3 mannenthepis corpatipletwion  set
then it may not bemdesbnidibiuchion set. N OGRS Rl tRnSEAGHE & i o
software base of EPerStl ng systems and application progra utilrzi'ng the
| A-32 bit instrucEflonCS ey o htheiseqerd insrectionisetgkpenentes meigndicantneed f or
met hods and corr espofRehiide ' mbiQta: ' jhility for the

Intel (r) 32-bit ar Eﬁi t ect ugﬁ'ﬁ%’?%"e’?@éﬁ‘q}?g&@?rﬁﬁgsﬁﬁg@% Or(%rpoftﬁ’@ Oﬁhﬁe in a
nul ti-instructi dn BEXAPY Eaistes trthesagisinnanpenas rovBiediferby thAGH? tstagetib® one
aspect of the pres e\ | : of the present invention
processes instr ucti&gﬁ%ehgkfﬁgr%oﬁ%s%cqﬁrﬁﬁogc FiPOn et Baef‘?:‘iﬁtetaé‘celxlfpgg YW@ has 15
an arithmetic fl agease effipsatng syTihms sndsipelitanbs progrmeasitieing tHeSArisaid ons of a
second i ”StrUCtiOi'ﬂs:EEEo FVAEGSUr e which is not conpatible with the first
I nstruction set architecture. Th order to process a first instruction of
the first instruction Aebrdinglycthereecs need foradthddiRhd edridspondRF A Ggnsiibie

arithnmetic flagg regj.ster, Lh ith Lc. flags register shares a physical
destination reglﬁstperrgw\ﬁfﬁ %Wpa“tdng{“a‘f‘e F’g‘é‘#ﬁz'&“ ?&‘@ﬁfﬁ{eeﬂf?ﬁeﬁgr Bstrusyon setf or t he
first instruction.orAie likesi & hali-Riniched setlpResisardtipdate. the arithmetic
flags but would deallocate the register containing the arithmetic flags
triggers the del ayed deal | ocati on mechant¥RmaFY t he present invention. Still
other and further emmmm@%orﬁ%ﬁﬁ;@fﬁtﬁé‘ﬂe@qyﬁ%ﬂﬂﬁ?%@tefnh)? ¢ X6 tion

wi || become apparent by reference to the draw ngs and by rea(!.n rll)g e 25
fol | owi ng detai | ed'“tﬂfé'é%'? PYBEGSEH InsisuGtions pheashirsy ipstiustioset ariohiteDtuaawvhigishasFl G | a
bl ock di agram af am FitHESNaAGESHET THE S{Etenfalsd pc QKL RS 2R of .8
exanpl e enbodi ment, of a system according to tRe present 1nven Ton.
3 is a functional 'BfBEReTHRCEHFhilsstETe vehichais aptsiompatiliio withwiret firstfinsaruction set

architecture. In order to process a first instruction of the first instruction set

30 FIG

architecture that implicitly updates the arithmetic flags register, the arithmetic
flags register shares a physical destination register with a general register
20 containing a result for the first instruction. An instruction that does not update
the arithmetic flags but would deallocate the register containing the arithmetic
flags triggers the delayed deallocation mechanism of the present invention.
Still other and further embodiments, aspects and advantages of the
invention will become apparent by reference to the drawings and by reading the
25  following detailed description.
Brief Description of the Drawings
FIG. 1 a block diagram of an EFLAGS register.
FIG. 2 is a block diagram of an example embodiment of a system
according to the present invention.
30 FIG. 3 is a functional block diagram of an example embodiment of a
processor such as the processor shown in Figure 2.

FIG. 4 is a block diagram of one embodiment of a delayed dealiocation
mechanism of the microprocessor of FIG. 3.
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processor such as the processor shown in Figure 2. FIG 4 is a bl ock3[] SEP 7003
di agr &m of one enbodi nent of a del ayed deal |l ocation mnechanismof th

m croprocessor of FIG 3. 3 3 0 SEP 2003 WD 00/ 39670 PCT/ US99/ 31321 FI G 5
is a tabl e summawoabsgrovhen deal | ocation of a physical register containing
the arithmetic flags is to be delayed. FIG 6 is a flow chart BfT/E§931321

enbodi ment of a met hogiqgfs H%rlﬁﬂéﬂﬂnrﬁ%n%tuﬁ{ 571 agcor di 9 to the present
g tertonst

invention. 5 FIGS. 7A, (713, 7C, 7D OFhionf 2 paxucayFeisier ust rat e a
data flow exanpl eCOPB}“"Eﬁh@MhmIS@C émunambedaﬁyddnstructlons that perform

operations on | ogi calgfegisStflis cordi to the present invention. FIG 8
is a table sunmari zing thelséefg)&ecr@g g rﬂg{d gﬁ@e@%ﬁmmﬁng@mer?A

713, 7C, 713, 7E, ferdifigio thelpredeh; irvmdiod). 10 Detai |l ed Descri ptlon A novel

processor capabie of W location of an arithnmetic flags
register is descri bed(iltﬁ#’Sa ’fdthijc])(F .&ME} u' ‘détallel. #dsid iliystraton dath flow

enbodi nents, ref @Kmmn:lefcsrsnrmﬁ@léﬁh LERe BERQAR which forma
part hereof, and 1% ay\/na is s ovvrcll yevvay of ﬁl&ﬁtﬂ& g ogﬁ’%@&ﬁ?ﬂ c
embodi nents in whi &8s 35ReR H‘Elt‘bﬁ‘elﬁ&‘-‘fe%@mnm i ced It is to be

under st ood t hat ot herFmCidhmllhtsﬁnﬁE?a)ﬁ .and structural_ changes
may be made vmthou} t| ngEfromt émgﬁae%é]deh%&?f t%lfté(gléﬁ]ﬂ WH)ERES-on.

Some portions of th od's &Hi |7d)r&nd\ﬁilch follow are presented in
ternms of al gorid hns and syrrbol ic reppg %ﬂgﬁﬁgl ong of operations on data bits
20 within a system These algorithm c descri p P8 and representations are
the means used by tho8&0¥Hiprocgssor ¢apalileofrietuytrgane dﬁllb&tnb@oﬂ@ﬁndﬁﬁé‘tl@mwel y

convey the subst apgg hers skilled in the art. An
algorithmis here, dﬁ gté'i‘ﬁg?%“‘f‘“% i Ehﬁé%ﬁc{)"éﬂg f“ﬁa‘hfé' dgscaiption Qfsmbodiments,

sequence of operaqu@ﬁ@ell%!aaﬂmg thecncaompiﬁﬁhgeﬁ“ﬁ@%lﬂrlﬁchtﬁﬂﬁaﬁﬂ?ﬁé}édO are

those enpl oyi ng phys uI ations of ysical quantitles. ual |y,
t hough not necessarlﬁl"&r?qss ese )E]w%?ﬁ]Fsé@"?'h?Péclﬁﬁémb%mmn whigethei cal or

magneti c si gnalss wgabhmayfbebmcngedstmlé ebe UndeRbe tHabother hHIRMAGE mag 0P ed, .
and ot herw se rranbgﬁ{h%g | t haa? roven convenient at tinmes, pri M ci pal l'y
for reasons of common - tsage  FYr Cst"é)aytt}?é%%lesﬁlgnaq@mnbfmm the scope

of the present invention.

Some portions of the detailed description which follow are presented in
terms of algorithms and symbolic representations of operations on data bits
20 within a system. These algorithmic descriptions and representations are the
means used by those skilled in the processor arts to most effectively convey the
substance of their work to others skiiled in the art. An algorithm is here, and
generally, conceived to be a self-consistent sequence of operations leading to a

desired result. The operations are those employing physical manipulations of

25  physical quantities. Usually, though not necessarily, these quantities take the
form of electrical or magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to these signals as bits,
values, elements, symbols, characters, terms, numbers, or the like. It should be

30

borne in mind, however, that all of these and similar terms are 1o be associated
with the appropriate physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as apparent from the

following discussions, it is appreciated that throughout the description of
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val ues, elenents, synbols, characters, terns, nunbers, or the like. [Lﬁ 20
shoul d be 30 borne in m nd, however, that all of these and simlar 3{ ﬁ%
are to be associated w th the appropriate physical quantities and are
nmerely convenient |abels applied to these quantities. Unless specifically
stated ot herw se 4¥3%%{8%rent fromthe follow ng discussions, péTiSes32]
appreci ated that thrgg@hout the description of 4 30 SEP2001 WO 00/ 39670

PCT/ US99/ 31321 enmbSEPPREMERLSs of the peesgnt gwemion] divesdioranyiliflhSerssiuens uti i zi ng

terms such as "pre LG .ar " Wi ing' or "cal cul ating" or _

"determ ning" or "d s%%gggn%r" co%gﬁ{ﬂgeg)ﬁ ic%él,ﬂa[r"@f 8F CE?"‘PWé’gg&‘tTd&ﬁlﬂaWé"
processes of a conputheliksystemtharction ard pascessed 6L doRpuer SRERUL o ileiijeVi ce,

t hat mani pul at es agﬁctgorn(i;lcncsg or ns_dat anﬁflepresent ed as 5 physi cal H?e ectronic)
quantities within the conputerigytEnia mapulaiesaad gansforms dass repeesénredas ot her

data similarly reppiseat@tkcasniphysittial wikiamd doh@aieldyshin khgers GRPUL €F
system nenori es or rﬁgi.st.ers or other such infornmati'on storage,

transni ssion or di S5MRYSHE VR data sypilady eepresenisd asphydicshquaptitiaidinthé t he

present invention pmputdesstan mkhoRBP réditsrs 3PGhIRL o221 Ni ng
arithmetic flags of one instruction .sef@éi na nml t%}gﬁ%ﬁs-rﬁ{rtﬁgtsel%aﬁe’set

architecture. The H¥FSHssiaLrdiselay feieesi s used in the context of register

renamng in a processox deihh& de8fidtati & G& : deal | ocation of a physical
register that corresponds ?@(;d a og{lcarﬁ @g‘éﬁg%@fﬁ'? PUREN Yo B190 Srovies aegi st er

i s deal | ocat ed,!% h#PPpwrsiand methed iferteintiigingmd thmavia fibghlf ond istaic@isedata f or

anot her 15 operati i ' , de ed. deal | ocati on nmechani sm
e 1h§ln9:ﬂ§? gg?@%%&'ﬁé' aT%ﬂgs cJﬁi?lyorC%‘@’I“sfsé‘lsedc‘B feonextyal i d

provides a nechani smto indicat
arithmetic flags effegister Wedmipg demprbeesarri Bhe Bfm tdies PhiEIaRbcafi@difst F When a

subsequent i nstrucky.e; date.the arithpmetic flags woul d
ot herwi se deal | ocal%lg@]{aﬁ]eéglgtgrl @@2?“9%%?#3? ﬂﬁ%a[}ﬁﬁls\%l A Rhysie fagister | ags.

Thus, by del ayi ng ddsdllocated,itierphysicd neyisté ipiycs ailableas s®tetara T gind NO val i d
arithmetic flags, %Jg?ati%ri Ehrreti flags ,are reserved until the arithnetic
flags are updated By a further %’%&u@ﬁtdelﬂy%ﬁe_ P%ﬁ?%%h@l@! providesian a
di fferent physi cal meeaghistas indByatveieh alphBicalrelgiteR cdiRiafil ﬁ?ﬁ,ﬂﬁ]cq{a g system
such as a conmput er Ayt am 235 of §8 exanpl e enbodi ment of the pFesent
i nvention. The conput 2 felay deallpeation obihe Physieal tegistsr woen aBgbsequentipssactibn
interface 201, extibatrinks neupdate & drithRAE flags would otherwise deallocate the register

containing the valid arithmetic flags. Thus, by delaying deallocation of the

20 physical register containing valid arithmetic flags, the arithmetic flags are
preserved until the arithmetic flags are updated by a further subsequent
tnstruction and stored in a different physical register.
System. FIG. 2 is a block diagram of a system, such as a computer system

203, of an example embodiment of the present invention. The computer system

2
Lh

205 comprises bus 200, keyboard interface 201, external memory 202, mass
storage de\?ice 203 and processor 204. Bus 200 may be a single bus or a
combination of multiple buses. Bus 200 provides communication links between
components in the system. Keyboard interface 201 may be a dedicated device or
may reside in another device such as a bus controller or other controller.

30  Keyboard interface 201 allows coupling of a keyboard to the system and
transmits signals from a keyboard to the system. External memory 202 may
comprise a dynamic random access memory (DRAM) device, a static random

access memory (SRAM) device, or other memory devices. External memory

5



storage device 203 and processor 204. Bus 200 may be a single bus or &0 SEP 2003
clonbi hation of multiple buses. Bus 200 provi des comuni cation |inks between
conponents in the system Keyboard interface 201 nay be a dedi cated device
or may reside in anather device such as a bus controller or other

R ok

control ler. 30 ¥d interface 201 allows coupling of a keybHHPHAF1t he
systemand transnrts signals froma keyboard to_the system _External
menory 202 may cO ;FIPE% OWHM?:‘“F&%%C}W%&%@? HROCERARY gevice, a
static random aC@?%SocBﬁB@IO)#. MaEAMraghaielic€ 20 Diha Phd har BIRR G vel 8 VTopH -
External nmenory 5 3 0 SEP _200J WD 00/39670 PCT/ US99/ 31321 202 s ores

i nformation from AiEkgnge g dYBOYEdevieE. zadlaghmeppodsviser Magisiarage dgyise by
processor 204. Masg3 iRlsRdfiARNtdnSy edenBYentity dohard di sk drive, a floppy
di sk drive, a C_DROVPc?evi ce, or a ?I aéﬂ rree(mry devi ce. Mass storage device
203 provi des i n¥ or mat Ptagesser 284 tseqapiile ofepending20@ exSuirgeputsr proglansi s

capabl e of decodi ' o]e SUC an. application
program or an oper@‘gcth?drg]gng sl;&e%h&g?%i&?ﬁ%%ﬁgﬁlggé;wrilo"‘r’ﬁﬁylr[rlugf‘%ﬁﬁ?seﬁ?rﬁstruct i on
sets. Processor 2@®liipleinstoeson sag. Prémsson2ahacyded labpafol o deltyedniealieatiani sm of
t he present inventjon. .Th rocessor 204 ymy be compatihble wt but not
linited to, mecr opr)dreggaé’éssmo&st SRIETT ARV LA I PEoPsset g@f’f’%@?wg‘pa&le with,

m croprocessor, 16Gunmmnlifvited 1o mitrdprodessbrlsudboaspa TnélP arthiéctra Mictoftotdssor,
California, the assigpee qf th resent _Lnvention. .l n. alternate

enbodi ment s, t Ik .8?383@5% bz@ufg‘r%{fp%@wneshﬁa% Clree Calitoria A EmRef M
architecture m cr ppisot@Sention. A alf¥mbfodnislimentsC ikl hRIZEII6E20A1 4yl OCessor, and
the like. In one enbodinent, the Brocessor 204 of the present invention is

desi gned 15 to ofeMRMPleNitha RowsPOR! FreyiseHcanisoporessen #t AphaTessor whi ch
nmeans that nore tGiRieRe miQBprBecsor 488 tHedike C| OCKk cycle. The processor 204
is al so capabl e of executing uops out-of-order when the case allows.

Qut - of - or der processi hyonagmbRiiment theprosesarsiiid of te rresowslinestien is dodigngd

i nstructions tps bg %Qﬁ@%@ﬂgﬁ‘:@rfoﬂﬁmcﬁ E\.?efscﬂﬁﬂ;?qﬁc@?éor RhRA WA ORAGhork © 921 N
performance and increase parallelismand 20 efficlent resource usage. True
dat a dependent i nshananeiupmexeaytes nepeloekayeclgt dle progessayf206 iscidso capaple off t en many
[ nstructions wi tNidgechl Qe BR SHAEd: oiilh eLadlaliGL | Sur HSRED rodlishid® TeSUI LS
of earlier instructions? ese instructions may be procesSed our- of -order
if the processor 20thixtimpeicersorsAif finvolvenalloméspinstoeions to be processed out of

their original program order to gain performance and increase parallelism and

20 efficient resource usage. True data dependent instructions are not executed
out-of-order, but often many instructions within a program order do not directly
depend on the reshlts of carlier instructions. These instructions may be
processed out-of-order if the processor 204 contains sufficient resources.

The processor 204 of the present invention also has the ability to execute

25 speculatively. This means that the front end of the processor 204 may take a
guess on the pathway of a program code at a particular branch instruction and
may follow and execute a program path that should or should not actually be
executed depending on the accuracy of the predicted branch. Until the processor
204 actually determines that the front end predicted the right pathway, each

30 instruction and uop executed and processed by the processor 204 after
encountering the branch instruction will be speculative. Speculative instructions
are not allowed to update certain portions of the processor 204 that hold “real

results” or architecturally visible resuits which represent results of
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The processor 204 of the present invention also has the ability to e}@ggpqﬂm
25 spécul atively. This neans that the front end of the processor 204

take a guess on the pathway of a program code at a particul ar branch
instruction and may follow and execute a program path that should or

shoul d not act ud¥® 9336’0 execut ed dependi ng on the accuracy of p¢iresswssdi ct ed
branch. Until the processor 204 actually determ nes that the front end
predicted the ri gh@nﬂpa@ﬂmayinsreazcihnﬁdfthnﬁonmﬂioﬁmeamdemaoemuheed and

processed by the %r?gf: SR hef el ecﬁ.lFauv$ W&%‘fcgﬁ'tése;eélf i!){%egr anch Lnstruction

wi Il be specul ative. Specu v nst Y2y B° updat e
certain portions mf:dettdfuienpnhumdﬁmtuﬂmﬂ visivdd pdiidnd of the flocesk@ D0k t E'thé)ﬂiom
architecturally v resent results of 6 9 SEP 2003

t
WD 00/ 39670 PCT/ uéﬁ‘g?‘éﬁ%%rfcﬁﬁ?ﬁé%%hﬁﬁ'é‘tef‘ YRR PARsEY othen thfc‘StllFFeOfftheont end of

the processor Zl)4spanokutd165trueﬁxfrrsa€dpl@§a‘dhna e Prdcborsne Gibepdiberht Bsrtdetict | ons
"retire" and their E}esul se?gg% updated into the architecturally visible
portions of the pPBC¥&%ofh Ip ret”ﬁ 1013 JRFEIUCHOR (regng [feeaps haeisor 204

predicted the wongipaida\ealop Hah 8Een! derh@sdlo vt Bhspbddfarive SRAGH RLLNE
I nstructions are pur ed and the Processor 204 is set along the correct
Y

pat hway. Ther ef or 8Pdqieihe prehitcsturallyatisihln gertions afghe pracesspr. ilnghe ermbadimentat  an
i nstruction or UOﬂléﬁ&eQ&%ﬁm4C[ﬁ‘ttﬁﬂR§gﬁlqn@éﬂnP@lsg%@ﬁr&gcU| ative and will

actually update the architectural visib trons of the processor. In
one enbodi nentl® the pKoddssbinctimal hiockmwmeéwmnvaMOmncqss)rpl pel i ned.

10 FIG 3 is a f“@ﬁ%bdlﬂx@ﬁto?'[tfé%'ﬁoc@% 5GHEh0 mlgéggpﬁ QPr ocessor

enbodi nent of the processor own in e ex nple
M cr opr ocessor errbb@fpmgmsstﬂ(amb@d)mpntlMésomprmsmmymodyuhlmr 3®8puar bus

interface unit 30411 C%?hlﬁ}?g%u%afggﬂﬂﬁlga ?Ct{hﬂ?ﬁgodg un#?(é({, F&gﬁgﬁt?’pma{li cator unit

308, a data depen enc ruction 3‘12, a

schedul er 314, 15datademendenoy umb3 ), ex msumictiom retirdnteat whit3.12, ThehsRE@BY4,Cl ust er
318 provides g subs stemfor f processor 204. The bus interface
uni t 304 provi dsms?qgéngrlmn xéc*t}:?fl"gﬁhﬁgt ions external to microprocessor
enbodi nent 204. | nstr Tb¢ memarytoh:sttﬁfﬁ(@ﬁtiﬂ&ixﬁﬂﬁbrjﬂﬁb&ysiﬁ for HeQe®eS&oNY ar e

ni T 504 1 anst er 20 nER TS vl A prRGRes BT ROt e CRETAIRS LB i |
306. microprocessor embodiment 204. Instructions to be executed and data for
processing are supplied over bus 302 to the bus interface unit 304. The bus
20  interface unit 304 transfers instructions to an instruction fetch and decode unit
306.

The instruction fetch and decode unit 306 fetches an instruction from
memory or a known storage location and decodes the instruction into one or
more operations known as micro-instructions (also referred to herein as “uops™).

25 A description of the precise operation of the instruction fetch/decode unit 306 is
not necessary for a full understanding of the present invention. Any well known
instruction fetch and decode unit 306 may be used. It is sufficient to note that
the instruction fetch/decode unit 306 fetches the instructions of a program in
program code order, decodes these instructions, and isolates the logical source

30 registers and logical destination register for each uop. In one embodiment,
logical source and destination registers are those registers of the Intel
architecture register set, e.g., EAX, EBX, ECX, AH, BH, DI, EDI, and so on.

The uops and their associated logical registers are supplied by the instruction

7



.and | ogi cal destination Pr]‘zdé?‘ei‘é‘}‘

The instruction fetch and decode unit 306 fetches an instruction frogn[] SFP 20M
mory or a known storage |ocation and decodes the instruction into one or

nore operations known as mcro-instructions (also referred to herein as

"uops"). 25 A degghiRkicon of the precise operation of the instruction

fetch/ decode unit 306 is not necessary for a full understandi¥g/ PR

present invention. i ruction fet and decode unit 306
may be used. It isfe@&h‘([}%}:éédﬁﬁl Hﬁ\gﬁ%%)taerh% Eahtgéf’cndf'i’fé’ “‘ian’HPa{l, fdloceetindecode

unit 306 fetches t¥8 instructions of a programin program code order,
decodes these instructrihg and .ti@gl at is the | ogi cal source 30 registers

i PURPAEHE G2 dErendensy ant 340 wishe list df ogi cal
source and desti nabinods thegemtLhSavailBielghQSial t& St Chonef '
architecture register ‘geto, e 9., EAXﬁléth E@I AH,n é‘H,emBP@nJé%%‘,ﬁ‘cand sSo on.
The uops and t hei PrESYOEEEIEETTdn de nsagtian rstirmepieunit 33| Heoveber, inhe
instruction 7 3 QitGHRe ¢Ab&iMNGO @, Qi R He98d Link8t gh.and. decode
unit 306 to a datafg’gpendency uni t&g% an%ggrrl a%ﬁ%gﬁo?wf}ﬁ?t&%ﬁ@mﬁhe
al l ocator unit 308" K PHCISeePFHIOnQhths alieqston gaih 398 wwmbt regditedvibt hifull | i st of
pointers that reprnesediinddedrhalieg ‘{mﬁ h Gl hsters. .ln gne enbodi ment,
the 5 physical registers resi de | %.t gﬂk%%!s'?r{rﬁc hl‘sié)lgm'rgtlﬁ AR RAPE 312
However, in al t efithihs abodstsu Poksupplies thealaphdepérsiahcyriangi MOVt 4 198 bfkckmd Ot her
units. A descrigt ipfkicaPleeisf ' ion of the allocator unit 308 is
not required for a full Egunﬁef?r;ltﬁgh%?ﬁ%%g#?%ﬁ U®& ayed deal | ocation
mechani sm It is suff k4 dats dependendyemit Bh@tentines laglcaaagiaersIO8 18sH B bES t he

e by a current BupuicifReleltndd eldtln & it BERRR sl niSHg ané mesvesi Bog: cal

registers to a | apgeer mat exeutignnds S8, In ek erhiidimériahe 8RS bR nddhe Mhit

instruction retirgpent. unit 312 and are used by one or nore execution

units 316. In one en@ol(rlllarl'%ﬁtr?g‘?ﬂe@‘mebﬁﬁi}ﬂéngyeﬁrﬁnn@wsﬁ@mt ains a

regi ster ali aslt abinem{ngAdDicaBichistelBat RATuBRlediby thSRStnlcBbn H/&‘e@@d@ﬂg | ogi cal
[ 0

regi sters that ar 6$ufqglied y the instruction fetch/ decode unit 6 of
the exanple nicr og? b LS GPMRIFTRHIORRRtssT sInbodiment 2043 fihe genemingwacess nvol ves
converting | ogi cainvoled aineernihgBpichllréddis idkiBeRINS b ek | iglentifiers.
For each one of tpe source regi sters for_ an opér a?ﬁ%éﬁfa‘ge%*s%?&cegﬁlﬁwégi ster

i dentifier or eachrone of thesource registers for an operation, a logical register identifier

Is converted into a physical register identifier. Also, for the destination register

20  for the operation, 2 new physical register identifier is assigned to the logical
register identifier. The data dependency unit 310 is coupled to an instruction
retirement unit 312 which holds the physical registers and also to a scheduler
314. The data dependency unit 310 includes a mechanism for maintaining an
arithmetic flags registers as further described below.

25

The scheduler 314 receives the operands for a given uop after the operands
have been renamed to physical registers. The scheduler 314 dispatches a
particular uop to an appropriate one of the execution units 316 when the uop is
ready to execute and when an execution unit is available for use.

The execution unit 316 executes the uops. In one embodiment, the
30  execution unit 316 is superscalar. The superscalar execution unit contains
multiple arithmetic logic units (ALUs). The execution unit 316 also supports the
out-of-order execution and speculative execution. Source data for the execution

unit 316 originates from the reorder queue (ROQ) 313,
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is converted into a physical register identifier. Also, for the desgigrﬁtpimn
regi ster 20 for the operation, a new physical register identifier is
assigned to the logical register identifier. The data dependency unit 310
is coupled to an yBgideetion retirenent unit 312 which holds the physical
registers and also to a schedul er 314. The data dependency uniPETABep3132t

I ncl udes a nmechani smf Int.aini.ng an .arithmetic flags registers as
further described bel o?v?'e g%mlc e léeéﬁeglfﬂ{lwta%fﬁo?té@éﬁ\?é’gy?%r%ﬂ@l‘%ﬂﬂs for a
gi ven uop after thenopeaicardeutifrestgudiafimaRRane ded@er BRARIRAQ) BEPLSheT S. The

schedul er 314 di spat,chgs a rticular uop to an appropriate one of the
execution units 312%&?“?%8%5"5%”%“ EXREHY SREpU bl swchas thegamplan execut i on

unit is avail abl e froitrop®eessofRbeKMERtZ0DN WRirtayIhBafr Lk e I'n one
enbodi ment, the _30 execution unit 316 isdbgupgr scglﬁ}%r.%Tﬁ'gmfst'pyr{é;@az ar

execution unit contaftpged indhereosder aypyefarainerulatygiver isriot erchiticusiily viditge.
execution unit 316 TaksSOthe YRR B Sset ; = af - - cution and.
ThisS Ot "3 etﬁ@mwﬁ#ﬁoc@gsopé dirfid flol € ig'lagl} “6Mhat es

specul ati ve execution. Source data for e executron unit
fromthe reorder qfeystherexmyet pregramepagh and Jeere @G0B 44D A6y BEGHERAIRCTI U

S99/ 31321 The i nst Iilel@Nas’sE8d ds %ﬂfero@@é#ssﬁ‘&hlﬁa% ﬁ%ﬁ@ﬁesg@{ a,"i‘jc al

registers and instruction execution us info *4BF queue
(ROQ 313 or the [Prdegeam path wes predicsetl, datats ndy speceladeing Sorzpemidingdyibéel y, such

as the exanple ' : . ient 204.. a uop nay .initially be
specul ati ve. Th}adndg%tg%qglgﬁﬁgi&ﬁag%?% KT arr"@%mgpp'é?ﬁgﬁ%r %‘%ﬂ"gﬁn@b’e@ﬂ“ﬁ i ve
uop i s not archite@plneedsbayilyexstuté wops iMrogramscotléerden howHRE aW&atel RBps are

m croprocessor enbqdi ne is not. sure that [t went down the correct
program path and tEée%{rr@g}’rec’gfﬁ?ecogﬁf’ée?@ﬁﬁSWL?PémS%H g LoPLHeTdFed B8 soon as
the nicroprocessor instrbogh neintmetetrsr 3T2riasnitiBoghytidal ré Q6 ol the RoRIHF gdypat h was
predi cted, data is3rl15){hats §CU|| atig"(eaJ ag% Iggger and nmay be 10 retired. It is
appreci ated that tRe exanple °RELPops bieds Jbr Phystsaldrsietims thapare g dengen ot
necessarily exetit beingpsmdare desldostedur@QbEalRA6F unif TUSRNES the BEESHyLiEd uops are

retired in programcode order in. this enpbodi nent. As uops are'retired, the
instruction reti reﬁ%ﬁs?erﬂﬁf &'Cﬁ?“f"&é’ﬁﬂhﬁ legicplcmsters) Hpwgyesithe delayrdt he

reorder queue 313dedllatatiah tetlAnisMgeHe ppRkMInkeatisch deldle U BESH&aS isters
that are no | onger 15 being used are deal | ocated anéc}%t he g{(fcocjzoarl{og? unit 308

uses the free physPRRIC FRFFSREeeardsr quene 13 dvghmyntains yalidarithroeiodtags
regi sters. However as fuRBerdedca¥@heiow.

20 Delayed Deallocation Mechanism. In one embodiment, a delayed
deallocation mechanism of the present invention provides an apparatus for
maintaining arithmetic flags of one instruction set in a multi-instruction set
architecture. The microprocessor embodiment 204 of FIG. 3 is capable of
decoding and executing computer programs, such as an application program or

25  an operating system with instructions from multiple instruction sets. In order for
the microprocessor embodiment 204 to accept both uops from a first instruction
set architecture having an arithmetic flags register and uops from a second
instruction set which is not compatible with the first instruction set, the
microprocessor embodiment 204 must manage the status information contained

30  in the arithmetic flags register of the first instruction set in a manner that is
compatible with the second instruction set. The term “arithmetic flags™ is used
herein to refer to status flags, such as the status flags contained in the IA-32

EFLAGS register as shown in Figure 1, or the like,
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deal | ocati on nechani sm of the present invention delays the deall ocatd 0r§Fef2m
& physical register in the reorder queue 313 which contains valid
arithmetic flags as further described bel ow. 20 Del ayed Deal | ocation
Mechani sm | n oneoemise nent, a del ayed deall ocation nechani sm of the
present invention provides an apparatus for nmintaining aritH%tUse¥pags

of one instruction seFIGN A M igid Lo et rchitecture. The
B 4L i

mi croprocessor enbodj ment 204 of £ delayd diiingationd
executing conput emM{SFYYaRAGhe sucpPrassssm eappdiineat 10061 PR@@RAT Gl 25 an

operating system wy i | frommultiple instruction sets. In order
for the mcropr o&%g%bﬁg%ﬂgﬁbﬁgﬁdeﬁgo A rgﬁcé'gb‘fmlﬂ@? RomRpses ddatm a fir st
instruction set A&fkMilensewoitdlhand angnﬂrlnct&fnirEtIi\l@ﬁtTeﬂ.thlnftl.’@‘ﬂsT}{qut ster and uops
froma second 3 ngtrigdi-ONng8tguhich is not conpatible wth “he first
instruction set, the m tropfocesdor=hYsthilit taprARATI 81 ramaritemetie St at us

i nf or mati on cont aillagbuf8® 407 atdh@naaiet IBgTRLOL THeAUST § O] of the first
' rrerdibgELes 1 Etpﬁlleﬁ%'ggsskégé%ﬁﬁfg‘sﬁﬁ ruction

instruction set iR, g,r r}nseil%_“ct‘hat |§1 conpatible wth

set. The term "arithneti & rayeand thelike ThaRAT3M! slso ideditiftes instrsdtiohgkgard | 29,
such as the st at uspdateatys ashietd Ned rédisidche | A-32  EFLAGS regi ster as shown
in Figure 1, or the ljke. .9 3 0 SEP 2003 WO 00/ 39670 PCT/US99/3 t 3 2t
FIG 4 is a block di a@?eaﬁﬂ%e*t?rt@géﬁ%dioﬁsmtamsaaoidef ayathysleatdgneat i on

mechani sm of tlfe oinedisipg @€ SemRcneNRAdi g 4 of Figure 3. In one
enbodi ment, the dgﬂlfgq\{led deal | oca?dirr%n rlrecﬂtgr?lgg"r% %ﬁ“egg#ﬁ%sir%%era“’data

dependency unit 3 AR EIG - thesnthmetic g busfar do2rantpan frod U RANG dat a 5

dependency unit 3dOw&RARESSS i.ster aliags table (RAT) 311, an
arithmetic flag buffer 402 ar?g’bé@grr{ﬁgt%g{vglﬁgﬂ eﬁﬁﬂ‘.mal'ﬁ agbffe442 isenanes

| ogi cal registersMap@med m the RATSE Iliace comrempianet dshaHid i€ scopfS AT 311 al so

identifies instrugliggs that update the arithmetic flagsS register. The

arithnetic flag buffer 402 contains a pointer to a physical register 10
r

. . l . . . .. . . .
cont ai ni ng an'ar chi t ddedinstuttjonvetireciemtunit 8 1 D fnatddBndy red egister.
a eRhbfe (RORH§

As shown in Fl G1i, Ithetic fla ffer 402 is separ romthe
RAT 311. Hovvever,}éal}(?(gr%%%%&‘ghnsﬁ%wm{%fg’ﬁyml E981stene Esch oneftliec | ag

buf fer 402 i's mtuisied! negistérn tahis aR387iaidd dithfato 0 W AbeflndSrdd &L 1, the

scope of the | NVigdlEdt©Rhen the physical register is shared by a general logical register and the
arithmetic flags register. Each one of the physical registers also contains a

20 second entry to indicate if the deallocation of physical register is to be delayed in

order to preserve the arithmetic flags. In an altemate embodiment, the ROQ 313

is organized as a First In/First Out (FIFQ) queue in sequential order of the uops.

In one embodiment, a delay buffer 410 contains a pointer to a register whose
deallocation is being delayed.

A first entry and a second entry in the reorder queue 313 are used to
identify and preserve a physical register containing the arithmetic flags. In an
example embodiment, each register in the reorder queue has a first entry to

indicate when the register contains the arithmetic flags. In one embodiment, the

first entry is a bit referred to herein as an “AF" bit. Each register in the reorder

queue also has a second entry to indicate that the deallocation of the register is to

be delayed until a subsequent instruction updates the arithmetic flags. In one

30

embodiment, the second entry is a bit referred to herein as a “DD” bit.
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15 The instruction retirenment unit 312 nmaintains a reorder queue (RO?@@JP%U}
The ROQ 313 conprises a plurality of physical registers. Each one of

physi cal registers that is associated with a |logical register contains a
first entry to indicate when the physical register is shared by a general

| ogi cal register Wsh9384i@ arithnetic flags register. Each one mfrai$esiiz;
physi cal registers also contains a 20 second entry to indicate if the

deal | ocati on of physi c¥her emingtinstion docs oothpdate kieyseithnienc flag Bl@kvol@ preserve

the arithnetic fla n_alternat.e enbodi.nen th 313, is organized
as a First In/Fi rs?&aﬂ%a@?@Flt—%js‘e{]ﬁ%nﬁ‘lléminﬁt é‘ah%ﬁ?tﬁg'fm%&éér‘h the detavedbps.  In
one enbodi nent, a dellagatibufreeirandhdbioieryresemSneenion Riuddgeled Rhd RBlys4 €r Whose
deal | ocation is bei rglgodell agflg. 5. AHI rst. ent ré and a second entry in the
reorder queue 313 SrHCYRNGH OF BE PRYSisAL epypaLiAR registe eonjainipg e gathmalic faggist er

contai ning the ari ademplished bpesnpatdlodid 408 XaHRRg HEBANITEREsPARRiF Y1 St er
in the reorder queue. h%dstpa first entry to indicate when the register .

contains the arit hifetEPed PF agiimeyic,flzgs 3B AGetions physiqahdestinatior tregisiet of2 i s a bi t

referred to herei nicgiaRogiliihati $einé5|%ﬁi?n€dqgia§5\9'bh.s'ﬂ:am":f?th{aﬂgli gglﬁtei?folfqueue
al so has a second @ntry to indicate that the deallocation o € register

is to be del ayed BRCEPTPAE gisct0d dndinates that theohysingl tegister enntaiting the cartenet i C
flags. In one enbagt GPikE arithBf:iS RRRRGhE Bhyseal BeidtePinks wififhe hLHd erein as
a "DD' bit. 10 3 a SEP 2003 \,\6100%956705J%fb‘%@‘%‘fﬁ*f@'ﬂﬁaﬁg%,a%g%attﬁ%n‘g ®Puct i on
does not updat &% h&e fagicahregisier isfrenamepan enton ischet id dlel teydeariqeente!3e3 ripdisster
contai ning the val jug f& | L i I d.g‘gll cation
mechani sm of the pr eslen?ﬁs{gﬁlteﬂﬁéls%ljn&géwﬁlgg%#% ¥Q$ﬁ§y‘§%i"§ 1 fg’giﬂslt%cat i on
of the physical debgnressriedmathesdfiagibeing deallosater upgn rdiizerasnt ifdrefuined fdtB@s 1S 5
acconpl i shed by co 1.c. 404, C ring . the sical register currently
assigned the arit hér?éf}%tge {;eggigegpovaqt fa %g%r%g\c}?lg’ﬁ's“’ %H@Eﬁéﬁ'@&@g?mq%ﬁe regi ster
of a |ogical regi SRR bitirthe ROQHBNThe pnaiveltegisteris pRYrANGICAubEESt Nat i on

register. If the | ogl ¢ 404 indicates that th hysi cal register
cont ai ni ng the ]gurﬁlg%%'gfl%@%sg}e apﬁnénegr'; e iﬂl}‘sf"P"aYﬁ%'ﬁ? g"‘ﬁﬁé“ﬁi‘}%?"@al
register that wil |differecteptybicala¢gistervinene dQibsdiRedtOBE fe3hlt fREIL Sérfiard S ' €Named,
an entry is set inotei_lﬂfg'l reor.qier, gég,ue 3.13 %o 'lr.ldi cate that the physical

regi ster containing the" &t F8RL “UE tordyen {9 all insirpehops sxcentthegastugtiony  pe
preserved rather tthanripgsr g ddhgtd dvaRdcatonpethaRisthiof BiEBRker fdediRh Ur NEd to- the

.avai |l abl e regi ster po n o enbodinent, a match is signaled by settin
t he 9 P OI;IG. g 1satg§]e summar%zing when dealiocation of a ph}gsical registery J

20  containing the arithmetic flags is to be delayed. An instruction may explicitly
update the arithmetic flags, implicitly update the arithmetic flags, or leave the
arithmetic flags unaffected. The affect of an instruction on the arithmetic flags
determines whether or not to delay the deallocation of a physical register

containing a current state of the arithmetic flags.

(9]
n

As shown in FIG. 5, when an instruction explicitly updates the arithmetic
flags, the deallocation of the previous register containing the arithmetic flags is
not delayed. An explicit update to the arithmetic flags register occurs when a
uop specifies the arithmetic flags register as the logical destination register.
Instructions that explicitly update the arithmetic flags generate new arithmetic
30 flags and thus the previous register containing the aﬁtkuﬁéﬁc flags can be
deallocated because the previous register no longer contains the current state of
the arithmetic flags. In one embodiment, the RAT 311 renames a logical

arithmetic flag register that is an explicit destination of an instruction to a

11



"DD'" bit in the ROQ 313. The physical register is preserved until a 3.0,SEP 20M
subsequent 15 instruction updates the arithnetic flags and thus noves th‘?eE '
arithnmetic flags to a different physical register. In one enbodinent, the
result of this cevpawwsrooperation is a "don't care"” condition for all

i nstructions except the instructions that trigger the del ayed PHEHFIEERi on

mechani sm of the ppesealdesiha8 FOfer FhiRn Re ln?truatti%abl e Symmarizi ng when

deal | ocation of a B%Si cal regisfer 20 contai ni n&r?tﬁfés' iPhKHEA | c flags is
to be del ayed. An PFRe reedvicTREsEneX 9l 4 rivions insupekidrehitieo kMR idGeel | a0s,
I'c f

inmplicitly update tHRenafeliPABL; or leave the arithnetic flags
unaffected. The affect of Ian Tsaig{i{ah@ctgfégh on the arithnetic fl ags

det er mi nes whet her or Mee -thowelmkiG hevidaah hﬁﬁ@cttiioﬁfi&ngﬁciﬁy 961%?&5%' register
containing a cusreginstat@ of fhe,arithnetic flags. 25 As 'shown in FIG 5,
when an instruction ;ﬁpﬁi G5 ArALeeRR 4TS pasviqus esister contaigumg the he

deal | ocati on of th#ithmeis faigsismegdsdyed. &0 MidicRiup@hd Arddinetic. flags is
not del ayed. An exlﬂjdiat%%{%lelég‘ﬁl]?r{ e‘hho t he ariﬁngﬁ‘?ac (?l']%ggs %egrgﬁfsg’i‘%‘}%occurs
when a uop specifi‘es the “HEgs e yagad ¢ esgprst logicalgegibter dimgitmabusly.
destination regi stén instriatish tHactmpdiosly b Hihdd N the arithmetic
fl ags generate nevg[par_[ii.ttl;meti“% 30 flggg@geﬁd th&*gh%‘lﬁeﬂ“g?ge?l}s%lﬁé"?s b ster
containi ng the arithret e A agnregister arahe logisalidestinaion tegistdriiastgddey i OUS
regi ster no | oh@ergeaenkaginsr it Gty idetRbd St heparithmetic flags. In
one enbodi nent, the RA%’ 317, ,renarrjéiﬂea I ogi.t@éa\%gﬁzgrqe% ARET ECgfsfeé'gk?'egi ster
that is an explici T*ABSt'FREEH Bilaise oeeur asrasideteffertar niany arithined0 1QRRZA0L WO
00/ 39670 PCTI US99/(a St .1 pat | ister. Wen the
instruction reti re( Ll?%ier?t%&gl @;@nggﬁ%la 1‘5%%@3’3&#‘&?‘?%%%%@@@ a

previ ous i nstruct i'6H At Erdatewhat arigindty lagckattied thel diéhridrict 1u8B Ak Giofdga0S 1S

deal | ocat ed. Al so i kRWan ; en .an instruction inplicitly updates
the 5 arithmetjc ?f | ags, Pﬁjeglc s nglé%}} '{g%'ﬁ s the,lgeispldsstingtion eegistsr far the
contai ni ng the'> arfYMfkan dhps, syslogialegistete (thy aithméic NagRkigitr pdat e occurs
when instruction ddpg Qr i tic flags register and a second
| ogi cal register si nuﬁpg]}g(g)él}ggl%hgﬁgﬁ?ﬁ%q ?GE%FBW sg'naphxsrﬁal fegister in thpdat es
the arithmetic fl&42QPbyilssterctichseist imglicityrpaits hhetahﬂm?crtii:tﬂ*ag%één&a{eln s

a

regi ster as the | qgj : tinatign register; instead, 10" genera
regi ster is usual %*@%@%ﬁ?&ﬁf‘é‘adﬁg‘s ﬁﬁé"‘l"g’g‘F egisteg eantpinlmgthraritmetictilags nd-or

exanpl e, inplicit lengdatossincieuras saedrdR-atHnek faks. Wi @k &L, C 1 0gic
unit 20 retires, the previous physical register assigned to the logical destination register
is deallocated. In an example embodiment which integrates the arithmetic flags
portion of the IA-32 EFLAGS register with a second 64 bit instruction set,

implicit updates to the arithmetic flags are stored in an upper 32 bits of a 64-bit

physical destination register for the second instruction set in the ROQ 313,

23 However, not all instructions update the arithmetic flags. In the case of an
instruction that does not update the arithmetic flags, the RAT does not rename
the anthmetic flags register. Rather, the arithmetic flags remain in the old
physical destination register. This complicates the deallocation of the old
physical destination register since the register still holds valid information—the

30

current state of the arithmetic flags. To solve this problem, the delayed
deallocation mechanism provides a mechanism to indicate when a physical
register contains valid arithmetic flags and to delay deallocation of the physical

register when a subsequent instruction that does not update the arithmetic flags

I"'!



(ALU) operations. In one enbodiment, the RAT 311 interprets an instrygt¢m
t'hat |rrpI|C|tIy updat es t hat arlthrretlc flags so that the arithnetic flags
are stored in the sane physical destination register as the |ogical
destination regi sieyphfRk the 15 instruction. Thus, two |ogical registers
(the arithnetic flags register and a general pur pose regi st er )P %IP3ned

to share the sane nstructi ons that

inplicitly update t ée(ﬁ%gﬁ Jrzri%? %lecszre tefirgcson aé'H‘éw gg“lf‘f'eﬂﬁthla?tfctq'%étT@-'sthags and

thus the previous r@@yhﬂgeiealbomoaloﬁlhﬂghyslﬂﬁl R pistel et disin Vémmgﬁahﬂ%em%%e 20
en the instruction

contains the current :?rtuﬁ : J&Ethe ar i thITEtI% flags.

retires, the previ oS BRYEICaES 78 gicssrusd uouky ﬁﬁ‘é‘ﬁmf’%c flags arpepdaiafl brlest i nat i on
register is deall doahaedubséqnexannsﬂxammaﬁd aeRad Bt b tes the
arithnetic flags- portlon of tg_ﬁgsﬁ 32 EFLAGS re |§We1$lﬁjalc lﬁgégéﬁcond 64 bit

instruction set,” inplf ipo W GeR HingRct B 80 yndgls tagragittapaticed i n an
upper 32 bits of a fﬁa@s h-ldtalsomhyﬁio@aéallgﬁ%tthé‘ﬂ{)lsféﬁl rEﬁiEé&oﬂEau{:@%thg DSnmegond

i nstruction set in fi‘? ECE 25 However, "not I nstructions upé‘ate t he
arithmetic flags. '8t Hae %as}’éd deallgzation meehanismi ippotitiggeraidesausothe ngikadre t he
arithmetic flags, tdafammib klOLRhAG: M8 \WiEhot 5‘{1%‘,1%% Jqnetic flags register.

Rat her, the arithnetic flags remain in the physi cal destination
regi ster- This conpli c§l°€§vqf’H€1°HéaFﬂSm@ndncsmbt wHdatechalarithingti figk (which

destination regigt &loukd HGR t i.nformation-the
30 current state of the arlt{igﬁﬁgﬁgk {to% Lv?hgﬁcaqr?gﬁﬁ%? g‘?télﬂﬁ BsHuctiqfe

del ayed deal | ocat |Wld($ellln§ﬁﬁe§mrpglsmo@e@mmmmmnm flaps) heligalee When a

physi cal register g8 s.and to
deal | ocation of the p%ﬁ@r’wﬁ‘iﬂ‘.%{‘ﬁ %;el{rfﬁ‘écn 'ggéﬂ%ﬁ‘id Eﬂ’éb?‘%ﬁ?’ﬁ% t hat
does not updat e t hdheregisthmentainig valié adtimstiOflaga wouldroci iN OHi S 8B BecRiGe the

| US99131321 woul d he valid h
f1ags. Thus, by, doraying et P ossEPbEiof i haf she Foas scaisht ai ni ng

valid arithnetisf |dagmatxomr¢g;starqfnmm instriidtiag o Wpdete MiceaRAMast Abgt.i |t he
arithnetic flags a e furthe bseguent struction and
stored in a differ éﬂﬁct &gﬁgtgf @5?&%‘51"" Tion. té "}@ i"ﬁ@%ﬂ“?%°£‘?’@hﬁwawﬁﬂan

i nstructi on does nepntaipuigtte arittenesic lﬂhgkrretid:lsyedfuhﬂgﬁe a—nﬁma,@gagggﬁsj Yoy o
deal | ocate the phy [._cont gini n arithnmetic flas, t he
del ayed deal | ocati o %k%%hbsﬁcﬁ’%f“sf §mﬂjcﬁ" llt?"'isé'%@‘?"é‘g’ é‘ﬁf’é’@‘ Rhﬂﬂcﬂé@ﬁ%ﬁﬁer
containing the ari tWﬂnmtthaunsfﬁum redires, u&tHadb%dﬂﬂéHah@@%%ﬂysnéﬂW@ééF when an

instruction doeg, n e ari,thnmetic flags
20 %Bntalgmgtthc ari etlc flags, t eprevmus P ys1(cal destmatlon register for

which deallocation was delayed is deallocated. In the embodiment shown in
FIG. 4, the delay buffer 410 contains a pointer to the previous physical
destination register for which deallocation was delayed.

As indicated above, the affect of an instruction on the arithmetic flags

25 determines whether or not to delay the deallocation of a physu:aI register
containing a current state of the arithmetic flags.

Method Embodiments. FIG. 6 is a flow chart of an embodiment of a
method of managing registers according to the present invention. In one
embodiment, the method shown in Figure 6 begins when an instruction is

30 renamed (block 602). The instruction is examined to determine if the instniction
updates the arithmetic flags register (block 604). If the. instruction updates the
arithmetic flags, the physical destination register to be deallocated upon

retirement is the previous register assigned to the logical destination register for
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10 woul d nove the arithnetic flags to a new physical register) but tﬁg SEP 7003
i'nstruction would deallocate the register containing the arithnetic flags,

t he del ayed deall ocation nechanismof the present invention is triggered.
Deal | ocati on of WQW8&%"8gi ster containing valid arithmetic flaggrwessgzQccur
in this case because the operation renanes a |ogical destination register
that is the same &§unshectioydenglreirsd déeckichat ilbihe inBgLatoddos not BfdateARd

i nstruction to up r hﬂ? flags Accor di. to the present
i nventi on, thoughgﬁéﬁaﬁ]ﬁ gtth%)n o*n {%%Ceuoﬁﬁsycs??%(ﬁﬁ 'G %G Q"fg"é‘reme’&‘dﬁt‘}%ﬁ ni ng the
arithmetic flags insreebaysitideiibiake thiesgisrdr chitEhing tHfd aga aRthfetiPH@sed by a

subsequent instru us r i fferent physical register.
When the instruct] %ﬁ)&ﬁﬁggﬁ) 3%?‘1’%?5&%&@?&9%“&@%3 & 8P4 drglieate havpsistenl 1 egi st er

20 cont ai ni ng Bhecaardidihgrei ivalid Arafygetid s, Rﬁ@%h@ﬂ@si&@l&/&klﬁﬁhoﬂﬁ‘e@&l&%tﬂeo”
regi ster for vvmgh deFI | ocati.on was_de|l ayed i s deal |l ocated.

embodi ment shown 5O upgn ref‘FFQ’e&é‘P%we Eﬁ‘F'“f"@Pn £10e previPus meistar "p@gmdeto to the
previ ous physi cal the theidal deiiha0n kede 6 thé fﬂEthﬂbt?fblMObP%‘Pe‘tlﬁ W del ayed.
I C

As i ndi cated abov the affect of an instruction on the arit flags
25 det er ni nes whe ﬁlé}s‘%"r“oﬁé‘t‘”Fﬁ"'Séﬁtﬁwetf‘?ﬂé“ﬁéamtﬂl@Mtthtt)v‘ahdfanmrrgmyﬂagsal

register contai rthé}gds”allséaha&ahh§blﬂkaa%glkéﬁcoﬂfaghﬁg&% aﬁﬁeﬁgﬁésﬁéhgf

Enbodi nents. FI G is a flow chart of an enb
managi ng regi éPerdoelaé(é‘éé‘iCGTdﬁ@ tp thetpesepiripvastion (binck$0Bon. I n one enbodi nent,

t he method shown in Iijgy'i:fow@ﬂ&ﬁﬂ%@? MeRN7RN 9§t SyCHE 9?#(?#2!07{1 ‘flﬁ‘ét i on

(bl ock 602). The instruction xam ned to deterni ne
updat es the arit HHagtiate & datgyBow expmpiefor élbbxamplcﬁﬁqx)encé bf ihdtRiclidHsithiauct i on

updates the arit ca destination regqgjster. to be
dgal | ocat ed upon &?%H?g%nt §bn§%ﬁcap't¥ e F’éaé’i'p;]? SYAUCRCE PHREtctigns; e

| ogi cal dest i nat i BHudesdnstruetiont dmtdﬁbh&tl@ uﬁlﬁﬁ’e fh@@ﬁthﬂ@t:9m§9ﬁ7ﬂwl?§%&@9/ 31321

th t t l,ock..607 t t d t
update the ot naet PR AR PIR%F e limert Sorthmaliceh s cco |

retirement of th@bovmstteraffetuuflanmstrhctdaﬁahIﬂmﬂenétiaéﬂa@?ﬂlét&hﬁes%%@o‘?' ng the
valid arithnetic Jo %gds retirement of the instruction does

not deal | ocate the reelagttg?g%h?: H?%P%%S‘Pﬂéeﬁ}%ﬂﬂn&ﬂ"!we@SFqua@fs t hen
t he physi cal destthma‘itlmanda@sster to be deallocated upon retirenent of the

instruction is the p{Argv Qus. r _? gg 3gl;n%d to the |ogical destination
register for the ins ?YVBH‘@B# I%h°6 i- b nitjadlyimapseictlogieal register EBX
20 to a physical register “53” in the ROQ 313. The RAT 311 also maps the logical
register ECX to a physical register “49” and the EFLAGS register to a physical
register *33”. The arithmetic flags buffer indicates the current state of the
arithmetic flags (AFLAGS) is in a physical register “53".
FIGS. 7B, 7C, 7D, 7E, 7F, 7G, 7H, 71, and 7J show the architectural state
25 ofthe RAT 311, the ROQ 313, and the arithmetic flag buffer 402 after the
retirement of each of nine example instructions. As shown in FIG. 7B,
mstruction one is an operation which writes into EBX and implicitly updates the
arithmetic flags. As a result, on the retirement of this instruction one, the
arithmetic flags buffer points to physical register “61" as the current state of the
30 arithmetic flags. Because instruction one umplicitly updates the arithmetic flags,
the arithmetic flags share the same physical register as the logical destination
register EBX. Thus, the RAT entry for EBX also points to physical register
“61”. The AF bit for physical register “61" indicates that the register contains

14



the instruction will deallocate the register containing the valid 30 SEP 7003
arithnetic flags, then deallocation of the physcial register containing

the arithnmetic flags is 10 del ayed according to the present invention

(bl ock 608). Dat awglmg)#s%xarrpl es. FIGS. 7A 7B, 7C, 7D, 7E, 7F, 7G 7H, 71,
and 7J illustrate a data flow exanple for an exanpl e sequence PEF/US99/31321

I nstructions that rform operations on |logical registers. The exanple
sequence of instruc n?hor?l lcrﬂaﬁ'gm‘ﬂé‘ga’ieagwlﬂ‘&t’iolir‘FsP"Eﬁ?ﬁ?edé’E‘bq”F%ﬁhF ingtrygtidat e t he
arithmetic flags, iimplicial updaddnRedrthh&ictings arhd NBkjskal dedfSu isi.e@ye the
arithmetic flags Uﬁ%{f ted. As desgri bed aboveé,irst)JF?eaafe ec%lorg?glg(]ﬁﬁ%r

i nstruction on the &t ‘ﬁ‘ﬁ@f 3leegiterga dasdepliecated. whether or  not to del ay the

deal | ocation of a physigahowed HGeTC GAMLAGEIH Q9 8.l : - of the
arithmetic flags, ﬁggshomn in FIGT7A, the RAET élzflL %{aﬁgﬁar%ﬂrfg%eg e
E

| ogi cal register’ X anfl ympligitly e thegrithmegi fpgs: A5Gesultnont hereREPEALE. The

RAT 311 al so maps thie ids@géodltwo tROArakfbicEz ) | cal . r.eqgi.ster...,49" and
the EFLAGS register to a physi cal .regfnsct egs b%&p&%i& ghryis]tcflllr PP as
buf f er indicates tHBe @imepesite afthe arithmeticiagar Bedanstingrubtioamgso (APlichGS) is in a

physi cal register "Baates tht SRhmé , ) . G 7H 71, .and 7J show
the architectural su'?a? e 25 of ﬁ%&%&ﬁ%&%ﬁgc}q@fw%ﬁsm é‘%‘é’i“?ﬂé‘g'sm

ari thmetic flag bufe & lagicel destiaptioniyegisterdiGX.efiaust the RAFamtry 6fr BUXssexanpl e
instructions. AgpShew tbnld; wd HS i one .i s an operati.on which
wites into EBX and | rrptl irﬂ,cﬁlﬁ/mégt atied;' ?hgﬁﬁ:&%’?ﬁr}f) Wﬂ’&'f% T‘Tg‘llséeés%AE 1epteSesul t
on the retirenent dhatthgirsgistastonans aothmenieflagsh e gamy bdchie thicinéthagsen buf f er

points to physical jpeglist 85dated e sAshnid€ aGU egée tate of the 30 arithnetic
flags. Because instr Eptll_%nﬁdgﬁegheﬁ%mqlf Iﬂf‘}gsﬂgﬁ %’i"‘?‘ﬁ’@ °gﬂ’i°thﬁ’f§’t“F ehysicalys
the arithmetic fl agestwhuoreregiser SaBEXphyaideRled. e, tieOld ph§siéd estifftiona!
destination register 5'%'% t he RAT entry.faor EBX al so points to
physi cal register %losf . éﬁg@%‘.‘:@ r?%?lerpﬁégi%%aﬁ?‘@{fpst er "61" indicates
that the registbr cont dissbovirinFIGSHR 1AM tHie 3OH HReriot WSO RitSiato
arithnmetic flags. Iﬂ?{’? ed deal.l ocati.on i.s _perforned because the
instruction inplici ’%Lﬁ&ploc?af]%d‘pflﬁaﬁﬁrapﬁlﬁﬁﬁf iﬂggsf |Asgdesultyen the eetipsment of al
ructi mptrcitly upt ; ! .
destination regi st ahis fnsmuctioRBifed, tHeyRA T etliry fBHESK§oinisad plysici rdgigted ‘@ @h8d.  As
showmn in FIG 7C, itlI;lSt I uctti Ot%g%m i ﬁ'i an op&gﬁat Lon which wites into 5 ECX
and inplicitly intSTHETRRRgRET NS anggeraaip wohysical paisten S0 @8 i rement  of
mp y ) .
indicated by the arithmetic flag buffer 402. In previous systems, retirement of
20  instruction three would deallocate the physical register “50" because it contains
the previous value for the logical register ECX. However, becanse physical
register “50" still contains the current state of the arithmetic flags, deallocation
of the physical register “50” is delayed according to the present invention. The
DD bit for physical register 94 indicates that deallocation of the arithmetic flags
25 istobedelayed. The physical register ““50” is preserved and instead, whatever
physical register had been delayed previously is deallocated.
As shown in FIG. 7E. instruction four performs another write into ECX
without updating the arithmetic flags. This time, on the retirement of instruction
four, the RAT entry for ECX now points to the physical register “80”. The
30 arithmetic flags buffer 402 still points to physical register “50" as contraining the
current state of the arithmetic flags. In this case, retirement of instruction four
deallocates the physical register “94" because it contains the previous value for

the logical register ECX. Since the physical register “94" does not contains the
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30 SEP 20m

this instruction two, the arithnetic flags buffer points to physical
register "50" as the current state of the arithnetic flags. Because
i nstruction two ivml‘gicitly updates the arithmetic flags, the arithmetic
flags share the SAR*HYsical register as the |ogical destinapdposdsRehSt er
ECX. Thus, the RAT entrsy for ECX also 10 points to physical register "50".
The AF bit for phySTEa! stegf be arthmspe flagsdhepityeisal redier ‘Oheisrdeglicshed. cont ai ns
arithmetic flags. AgRdddh iR&SALSEodYiBnd ti L mplicjtly updates the
arithmetic flags, the eél | ocat | on o ndtt Ré&a%eﬁgwrgﬁ@c n@@?’c‘b? delgpedt i nat i on
register for ECX i $aHeratige magtadismd thetphaernlinbepivnss 6t migesdd B1ahirQiod €91 St er
for ECX (physical RGOSh&E hedidmbf foghlosated, 15 As shown in FIG 7D
instruction three is an operation wii Ch Pt S8T fofs got deablocals the physisalnot
updat e the aritRnetBielef fagmningthearithertit flagsQie. pRickBepis@®py of this
instruction three, the s r. ECX. points to physical register "94"
but the arithnetic flﬁéégiﬁl‘é’ﬁg’} ﬁlﬁcfﬁgﬂ&%‘w‘ Ve QRREQTAISIa VTR ynse EBK andgi st er
"50" as indicated implitiherigrintohheirithmédcaBgbubhRr. 39 RtirdabnPEEKi st ems,
retirement of 20 évlgséﬁﬂ%tl{fﬁlg th(refge woul d dg_al | ocat elrtnﬁfg %ﬁgé?@%ﬁa&@gi ster
"50" because it contarns I B0\l registerdiBX new poigisdabhysigl st er ECX.
However, because phgistecd?. Theagtttiedt NadBliires b hi ' current, state
of the arithnetlbcgela%?s deal I. cationgs_of t he [s) ﬂ&%gt{&l)égl%srf%?m"%" i's
del ayed accordi hg F&rhEeJPe uRdaisd Athmatic fiage areBPrew in thosame pygsienl
regi ster 94 indi catgsetdialie 10gi0dilrOFALEBX Ofnet A18hi A ,tlc};m ic fl ,25 is to be
del ayed. The physiic(gl trggi ster 65% S pr.eseéap:sbelgfogh |tﬁisrte§1§[5f at ever
physi cal register "FAFEEH Dfesisieopams pohmelje flagsdSace arcimtptidic wite Shown i n
FIG 7E. instruct icoturfedUhe RRIsted GoBloSRQti DR oW i,nto. ECX without updating
o CeRIoB e M i e Woingiy i G EBROur

the arithmetic flags. This time, on the retire
the RAT entry for 15 BOVsial 5sgister $1f.he physical register "80". The 30

arithnetic flaps buff @k shen SitHIG! 799 . 1.Q. physical register "50" as
containing the current state of tcﬁgﬁégﬁ@{ohgé ple}c(rg?‘i‘sa‘b‘g?'tel Oﬁ)&blﬁégﬁ

retirement of instPUPLRSAhe asithmetigdlags. Rmatetenteeo ity fiseltion 8ati &b RIAT 94"
because it cont ai B} {38 ERYENH; Qe for . the logical register ECX. Since
t he physical regi sm 94%325&%?&%%n é?eﬁséfhgﬁ%s%ﬁ&%ﬂuCMa&dm

00/ 39670 PCT/ US99PS'1"0teto thearithaetic Sagst the arithinbeir Rdgs vdhiad indthé Laohyli

physi cal register ree@der ak & ; . Al though instruction four did not
update the arit hmeti ¢ £ agg??%%fgggéﬂetgfllé' renﬁ@%%ﬁmftfwvﬁéeﬁ%i@mmlct he
present i nvent$%bn flagbufér 402 pijbmoints tokphysios deised a7 as containing the current

state of the arithmetic flags. Similar to instruction three, retirement of

Instruction six would deallocate the physical register “42" because it contains the

previous value for the logical register EBX, However, because physical register

42" still contains the current state of the arithmetic flags, deallocation of the

25  physical register “42” is delayed according to the present invention. The DD bit
for physical register 63 indicates that deallocation of the arithmetic flags is to be
delayed. The physical register “42" is preserved and, instead, the previousty
delayed physical register “50" is dealiocated.

As shown in FIG. 7H, instruction seven performs an explicit updated to

30

the arithmetic flags. On retirement of this instruction seven, the RAT entry for

the EFLAGS points to physical register “73" and so does the arithmetic flag

buffer. The AF bit for physical register “73" indicates that the register contains

arithmetic flags. The old physical register “33” of EFLAGS is deallocated.
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four because the retirement of instruction four does not deallocate & §SEP 2003
physr cal 3 register containing the arithmetic flags (i.e. physical register
"50"). As shown in FIG 7F, instruction five perfornms a wite into EBX and
an inplicit witwoioisert he arithnetic flags register. On retirenent of
this instruction five, EBX' s RAT entry for the Iogi cal regist EFVEERAGY
points to physical regrsgﬁ@r buffer 0 points
to physical register "42" niggé%-ﬁggnfrﬁbe&c{ﬁﬁ'tga n%gﬁpc'ljaflé‘ﬂ) gﬁ%“‘ﬂ‘#@'{

flags are stored i AmPHg! ‘glatﬁ@t?)rfygr"@menc faggi @tleﬂlrasembéthisogstﬁﬁhod’ ﬁg}ltSter
EBX. The AF bit fomophiys I r n t.he register
contains arithnetic fla %ﬁ@gﬂ?}yﬁ%i‘%ﬁﬁlaﬁ% g?tthh]vev?f g@f%gﬁ#% nt t?ﬁérsrcebr st er
deal | ocated is the r?ﬂlﬂerpﬁ@srTé@IAFdletsfvn nifamcabmgrsm@l“mﬁ anditDés tEBXhé’\‘%gﬁt@r I'S
physical registey ¢ G_T1G |nstruct|on Si X perfornms a
wite into EBX but g%tgrsls Hﬁ%?é%pf%gfvﬂtdhgh 'g'r"aﬁw]&“ Figge thegrithragtic flagent  of
this instruction s}, delayed dmfbcat@ntisrqpecledranﬂhxomqm?tslﬁaltréghﬁ&)‘%s‘c%lr EB&YL St er
"63". Because thrsdb‘,ﬂl%gg&ptron six did not wite to the arithmetic flags,

t he arrthrretrc flags remain in the same physical register as they were in
upon the retirenent of AssiwmumFICbnTJfMMc%rduhéflﬁtr&hh&bWﬁH1ﬁt02éb)ﬁbﬁgiop¥ffer

402 still points t ter asc tajning the current state
of the arithnetic ﬁf)'gﬂg% @eazlmﬂfné%c?]o OﬁrFUE?‘F‘H i Warruchign ping Rt ellm’
instruction si x1OWOlfnrcEHi@pdmts)maﬂ@sntalhﬁ:gphychaHofve%rslhﬁfucu&?mnpgggld

contains the pr evaﬁ%zm\éaal\u'ﬂ é F {%Hcal i ster EBX However because
physi cal register pifmetic. BagsAhea %“C(ﬂi‘rgf wifer 4p2 sl pevints hephasicalhnet i
flags, deal | ocati oregister t'$6 Bﬁmhh;tslhﬂﬁll:udrﬁﬂxleshﬁ‘dxnstﬂ%uod six q%fn%é]gﬁf_ gccording
to the present inven h sical regi ster ihdi cat es

for
that deal | ocation o"fsgf“ﬁg" Bf"f"f”ﬁ%tdf’aé °F4t%16‘§|° "’LabreE’é‘edeél dyease iTEmtapisy si cal
register 42 is ptfespmvmelvﬂmdfor mewgﬁ:aﬂeglﬁtbﬁeewxeﬂo%%rybecﬂ@, gpr(?g% physr cal

regi ster hS e 1sh: ggé ﬂﬂ shown in FI H instru seven
per f or s an expl i cleoupdat 8 %‘ta“?a"dh"t‘f‘l'é"‘:%frsfaf"rﬂféb? ithmetiesflagndesliscatioanent  of

this i nstructr on seftheiphyisiaal rEPstere BT ¥ déifVed atdd %ﬁ.ﬁﬁu si cal
register "73" and Bgéjcljtoflgs the arithneti f:yf aa ﬁilg% fe rg%hp&&f—rh%r ?‘f

physi cal register ﬁmyé‘&?lé*?ﬂﬁ‘?‘ig?""t‘mcﬁ‘@@h% deallogation af the arithmetibinet i ¢

flags. The ol d phyflagad olbedelsfedl Thaphysiefl ikl G t 30SE
P 2003 WD 00/ 39670_PCT] h; gii 3%3 | I;‘)"ymshcr)% |G§6 %"p%%u‘f)%’?t‘?‘g“f‘fl ei ght

a3ygd aliryswal register “42" is deallocated.
FIG. 8 is a table summarizing the sequence of instructions shown in FIGS.
7A, 7B, 7C, 7D, 7E, 7F, 7G, TH, 71, and 7J.

Although specific embodiments have been illustrated and described herein,

perforns a wite i HtY°
20

it will be appreciated by those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be substituted for the

25  specific embodiment shown. This application is intended to cover any
adaptations or variations of the present invention. Therefore, it is intended that

this invention be limited only by the claims and the equivalenis thereof.
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inmplicit wite into the arithnetic flags. On retirenent of this insgg]u %pm
eight, both the RAT entry for EBX and the arithnetic flag buffer 4 g i
to physical register "56". The AF bit for physical register "56" indicates
that the register 5 contains arithmetic flags. Since this was an inplicit
wite to the arithnmetic flags, no delayed deallocation is needed and the
ol d physi ®hat jsecdpimedis:" 63" for EBX is deallocated. As shown in FIG 7J,
instruction nine performs a wite into EBX but does not affect the
arithnmetic flags. On retirenent of this instruction nine, RAT entry 10 for
EBX poi nt$. t o physthodl ofr eghagfiney afl GrithmdtimvBagsr registes tin uc rudtivinstrneti@pes  not
affect the arithnetic flags, .the arithnetic flags buffer 402 still points
to physi CH’IoceStS%@l @th%éomp'ﬁ?‘ﬁgl ar to instruction three and instruction
SiXx, retir emn%ro@éssﬂgﬂ&%ﬁﬁkﬁfo‘n@ Bf1 ARt WPrsteadd ﬁ&ﬁt&u&@%vmmltﬁéhrgtegl st er
"56" because it contains the previous value for the |ogical register EBX
However, instructiva sehrchiterture Sompujsastact2-bis @istruction set and imichwules he ad t state
of the arjthnetic flags, deallocation of the physical register "56" is

del ayed a@@%qr ﬁglﬁrﬁ’to the present invention. The DD bit for physical

regi ster "67" ﬁﬁde@aigemstrb@ﬁoxﬁw h 0eadrido thsthctidhe s@r arthifRbire whdraigSthes to be
del ayed. The sical register "56" is preserved and, instead, the

previ ousl Wcééq?dyﬁﬂlcﬁﬁysfi%aﬁmh@@t%Q compgizes jas 6frbi| Inskuetian soamd Gs Bt s a

tabl e su ns shown in FIGS. 7A, 7B, 7C,
7D, TE, %%b%tg%esﬁ&jgg%mﬁkl %ﬂ%%ﬂl%%{sdﬁ%m fic enbodi nents have been
illustrated anstoragcr valeel forenegeneral iregistet hlparaiechmprmmtrachday of hiwes diraf
ordinary skill in the art thaﬁ? ﬁﬁgrran enen V\/al}@, C.alculated to

achi eve’ t IStraclinn sstpioBucetyrayVhsEela thesyalie S stprechin 3 ?J%‘BP‘F‘?‘I:reé}f’dedi ment
shown. ThipmaRElond FdnQRtibrs sdt AfcRREGHret fngOver any adaptations or variations
of the present invention. Therefore, It is intended that this invention be

limted only byonhgawiahlerfer @n@rmlheet@cﬂagvaegmsupdamdémthelmn@cm@’éhp 2003
What i j f t [
2l - | e Paeee ehpenRad B dPPRE B A UM RAE il Rt g« "

instructions of a first instruction set architecture wherein the first
instruction set architecture conprises a 32-bit instruction set and

i ncl udes &n ar ftmetef of deleyigs the graltosptionypm abtiseny flags reaitter dismsthod second
i nstructi 96}n1§1‘:r‘§m£r chitecture wherein the

determining if an instruction updates the arithmetic flags register;

deallocating a previous physical register assigned to a logical destination
register for the instruction if the instruction updates the arithmetic flags register;

determining if the instruction deallocates a physical register containing the
arithmetic flags when the value of the arithmetic flags is unaffected by the instruction;

deallocating a previous physical register assigned to a logical destination
register for the instruction if the instruction deallocates a physical register other than
the physical register containing the arithmetic flags when the value of the arithmetic
flags is unaffected by the instruction; and

delaying deallocation of the physical register containing the arithmetic flags if
the value of the arithmetic flags is unaffected by the instruction and the instruction
deallocates the physical register containing the arithmetic flags wherein delaying

deallocation of the previous physical register preserves the arithmetic flags.
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second instruction set architecture conprises a 64-bit instruction segt) sFpn3
is not conpatible with the first instruction set architecture; storing a
value for a general register updated by an instruction of the first
instruction set architecture wherein the value is stored in a physical

destinatign regjster f .the second instruction set architecture, .and
storing agval u Wcﬂeﬁwﬁ 05&?%%& fltf_gﬂ SOSPHYGE SEHINS B SREY ig fhe egysical |

i nstruct i @éightidl Qegibter Tbr RS HhAICHON Whdreidl Gl Tﬁ?&téi{tﬁr liAdiEdles URACHhe32 bits
of the physical destination register. 2. A nethod of delaying the

deal | ocat instiuetionaupdeteshe arithmefgstlagsgi st er, the method conpri sing:

determning if an instruction updates the arithnetic flags register;
deal | ocating a previous physical register assigned to a |ogical destination

register #or timge indhéd!oF iciimi 2, fuithet RGIpHSInE MRttibgdat efitry hig he iphhstedli c
flags register; determning if the instruction deallocates a Phys_l cal
regi ster destination yegistesdonthetipsraiction mheepin isemtiyHadigates, thap the deallagationmet i ¢

flags is . ks o | j previ ous physi cal
regi ster g@%éﬁgﬁgﬁép%s*%n@hgggl na Ft(l)(ﬁﬁ?éselgl S ée%’%?l' the instruction if
the instruction deall ocates a physical register other than the physical
regi ster contajping the arith ic.fl.ags when e val.ue of the arithnetic
flags is 3—naf r Sk @‘%ﬁ*&{fﬁ fo@mmgef‘f&\ﬁm S?ﬁglsoéiﬂﬂ%‘éflt tgw_ﬁ&* &4 JEREIHHNBE t he
physi cal pROkshREHS IR UYL Gn@ A SOPRGb& fih@Rtibh uplilies YRl YBmRfethe
arithnmetic flags 1s unaffected by the instruction and the instruction

deal | ocat 8sgst he physical register containing the arithmetic flags wherein

del aying deallocation of the previous physical register preserves the
arithnmetic flags. 18 3. The nmethod of claim 2, further conprising setting

an entry gn tha mitysireédssordosiprigiagi on regi ster for the instruction wherein
the first entry indicates that the instruction updates the arithnetic
flags. 4. The AdaRskPedencyini for renaming p logiead remistargtosclatgeh setof Paysieal in t he
physi cal “’%E& L.hation register for the instruction wherein the entry

i ndi cat es at the deallocation of the physical register containing the
arithnetic fl ags insructiobectiteiayteanit Jor idecating libd giysichlatragervdrentan a

deal | ocati on of the physical register containin e arit tic flags is
ol ayed UHER 5148 Y CRiBrECy floed o) b apuaes o Aelbredamat e rhvsigd s *a
M Cr Opr OCRS&Wr coRARiAS R Turreniidi@o R ARARNGN: N4k Is th®k derpad ng a | ogi cal
register to a larger set of physical registers;

7. The microprocessor of claim 6, wherein the data dependency unit comprises a

register alias table.

8. The microprocessor of claim 6, wherein the data dependency unit further
comprises an arithmetic flag buffer containing a pointer to the physical register

containing the current state of the arithmetic flags register.

9. The microprocessor of claim 6, further comprising compare logic to compare
the physical register corresponding to a logical register that is being renamed with the
physical register containing the arithmetic flags wherein if the physical register is the
same and the instruction leaves the arithmetic flags unaffected then deallocation of the

physical register containing the arithmetic flags is delayed.

19



L r - ’

an instruction retirement unit for indicating if a physical registgr) SEP 20
contains a current state of arithnetic flags and for indicating if

deal | ocati on of the physical register containing the current state of the
arithnmetic flags is to be delayed. 7. The m croprocessor of claim®,
wherein the data dependency unit conprises a register alias table. 8. The
m cr opr oc&&sor Thé mi¢raprecessonpicslainnt . faetheraompiisingriesfey confaininga ppister

CODY e Sl 5 L R Bbuf LB B Bt L1 BvSIc2l

The m croprocessor of claim®6, further conprising conpare logic to conpare
t he physical register corresponding to a |ogical register that is being
renamed wWith t ACOMHIYRTSESPMCOBIPEISWE: cont ai ning the arithmetic flags wherein
if the physical yg0ister is the same and the instruction |eaves the
arithmetic flags unaffected then deallocation of the physical register
cont ai ni ng t heamexttmabmemofy agplddso ded lauseahd 19 3 0 SEP 2003 10. The

o o physi cal ENGOBIOTPHPT WiUBIFE HE dBnl TURLE GREME prdiBucty dBehyed.
0 a physical te [ vi-oust'y” ayed.
11. A conpjit8prosybeimtiw@igf i Sing: a bus; an external nenory coupled to the
bus; and a m croprocessor cougl ed to the external nenory and the bus, the

m croprocessor i ncl agiurgity #f physical regjsiers, gably sncef the physicab registetgdavivge of

t he physical registers.-hayvi.ng. ir identifier indi.ca he
physi cal regi s?gilr’ié‘gw?‘g'ieﬁgo lgﬁmgéit{‘%@% Pl%?%’fﬁagrge 1S‘?errcgg?tsa né%n%%%‘%ﬁ%at\t}?éﬂftsa
second identi f re@fistérand havinglassetdndidantifies ad indicaes ifidesllqebyen ofdhe phegeater is

to be delayed; a_register alias table for renam ng |ogical registers and
for identifyinipeierinig bedelnmd; amegistenglias dable for spapmiag logieal £pgistAatnfc 1 ags
regi ster; an agj.t Is onh-ai Nl i i cal
agister cont NradaEinify bh BReBGhaCRRIEIY MR, B PRSI PN |
conpare | ogic to coapariéhméte filny buffet comginsigea poorerespthadihysicaloregistdrogi cal
regi ster that is hej n% renamed wi.t.h t@grpgh i cal .r egi ster containing the
arithmetic fl aGRntHARIEE qurrent §ialg of tReariincticlaesfe8iStfL  he same and t he

instruction |eavescédifardl logltMR} icbmbhRIthe UpIRYsicAr r8lstet RBrrEQRAARhel deat i fier
is set in the th5| cal  register containing the arithnetic flags so that
deal | ocati on ofogidab reghster| thal is heing renamed wgﬁeﬂhawédswal register containing the

arithmetic flags wherein if the physical register is the same and the instruction

leaves the arithmetic flags unaffected, the second identifier is set in the physical

register containing the arithmetic flags so that deallocation of the physical

register is delayed.

12.  The computer system of claim 11, further comprising a buffer containing a
pointer to a physical register wherein the deallocation of the physical of the physical

register was previously delayed.

13.  An article comprising, a computer readable medium having instructions stored
thereon for causing a computer to perform a method of delaying the deallocation of an
arithmetic flags register, the method comprising:

determining if an instruction updates the arithmetic flags register;

deallocating a previous physical register assigned to a logical destination

register for the instruction if the instruction updates the arithmetic flags register;
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12. The conmputer systemof claim 11, further conprising a buffer cong@ig‘gmm
a pointer to a physical register wherein the deallocation of the physical

of the physical register was previously delayed. 13. An article

conprising, a conputer readable nedium having instructions stored thereon

for causing a gonputer t erforma hod of del ayj ng.the deal l ocation of
an arithmet; copeRyEe HEomsPihoR AEHBEAED AR PSIHy KRG FHAPHE T an
instructi eAthMRER_YREs When Blc val\Eedfithe ArtAfhSti¢ AGESE Qhaffeledd byohatrd@cRolr evi ous
physi cal register assigned to a |ogical destination register for the

i nstruction if degllocating ayprevins uplivaicel registen@psigned: i af logieal rdgglisation; 20 3

contai ni nira e Tof o Piepoudn b€ Rt ore BealGRie g Phiiled PR Bffer WL
unaf f ect echebphyisieal repddteruintaiming diea hiithartic Thga vilieathe walupufshe atithnggicst er

assigned to a | ogjcal destinatiqn rggi ster for the instruction if the
i nst ruct | JAEHEAnpifectedkly thensiarctian: apdgi st er other than the physical

g1 St cOnt il 0gs IAIABRBFUCHIRAF R FHBAAL YE Blihiee Fald et ¢

flags is unaffected by the instruction; el ayin ocatl on t he
physi cal thegvalueof donbaihmietig fldge ianunaffiemdd by fthagstuttiont el vl instrodtionhe
arithmetig flags i.s unaffected by the instruction .and the instruction
deal | ocat SSAloR@ep s iRESFC R e cbipiain e R s Moot Perer S56Y or ei n

del ayi ng deRchitsiadfi RO pRYidub BhiNiQY rddidertiysen®ed thd 8ahmbeE Rgeser ves the
arithmetic flags. 14. A mcroprocessor conprising: nmeans for renam ng a
| ogi cal register to a |larger set of physical registers; neans for

i ndi cati ng?.i f Qrgmgérfi%ss&ec%h%%ﬁn contains a current state of arithnmetic

flags and foor indicatrng if §cation of the physi cal register

cont ai ni ng t henruny fontenadiing & lopical Fepisidrith An@migercset bBygisssical degistees;del ayed. 15.
The m croprocessor Qf .claim 14, wherein the neans for renam ng conprises a
regi ster aliasMeapy ©r ingcatingdf giphyypal Jegisten Fonping p supreRtsstatgof cEthiogtice neans

for renamy ;ﬁg?&qﬁdicmfﬂésﬁo&ﬂoawmws%ai k&GstBEdrtdin@Nth&icRiBg 2

poi nter to the physical register containing the current state of the
ari t hmet i stafeladdlee arghinstie flagsliz fo Bhdelayeds opr ocessor of claim 14, further
conprising means for conparing the physical register corresponding to a
| ogical register that is being renaned with the physical register

cont ai ni ngst he TAE inlibfBidcessol 30 8lanh AU ivhetein iHREmERY Tof Adnam@d &hgprisie@: at he
sanme and the instruction |eaves the arithnetic flags unaffected then

deal | ocat registesfaliapable.

16.  The microprocessor of claim 14, wherein the means for renaming further
comprises an arithmetic flag buffer containing a pointer to the physical register

containing the current state of the arithmetic flags register.

17.  The microprocessor of claim 14, further comprising means for comparing the
physical register corresponding to a logical register that is being renamed with the
physical register containing the arithmetic flags wherein if the physical register is the
same and the instruction leaves the arithmetic flags unaffected then deallocation of the

physical register containing the arithmetic flags is delayed.

18.  The microprocessor of claim 14, further comprising a buffer containing a

pointer to a physical register for which the deallocation was previously delayed.
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physical register containing the arithmetic flags is delayed. 18. Th0 SEP 2003
m cr oprocessor of claim 14, further conprising a buffer containing a
pointer to a physical register for which the deallocation was previously
del ayed. 21 3 0 SEP 2003 19. A conputer system conprising: a bus; an

ext er nal HHPIed to the bgﬁ and a m croprocessor coupled to the
ext er nal é WHSYHEL COFRESIE 1 opr ocessor including: a plurality of

physi cal reglsagﬁ§, each one of the physical registers having a first
identifier to indicate that the physi cal register contains an arithmetic
flags registepn exemabyengnacopledie thedast aid er to indicate if deall ocation

of [{he physt cal, nfieghRelol SchBdt® Y SherBANahSl 2o 001e

regi sters and nt i nstruction I'I'citly uptates the
ar|thnetlnu&bmgsmsagmsMHng an arithnetic flag buffer containing a pointer

to the physical regls a current s te of. the.arithnetic
flags register; meaﬁ? ;ty@gﬂﬁgnqa:lléegggqqgs PHFR PRSP 8@#‘%%‘ TEAMFEIAYNEI ng to
a logical regh§r&hiddofer tSin@RhRINAIRAPBAICH 1sié?%oﬂtﬁﬁﬁ'aﬁ%tﬁlﬁ&!csﬂ@g
containing the arithmetic flags wherein if the physical register is the

same and t he i registeraind dwvingassgeond identifrer i irsliGate if [dagjtocatiert oeibe hysiede
second identifiet n the physical register containing the
arithnetic flag§“$31?ﬁe# éﬁﬁﬂe bcation of the physical register is del ayed.
22 means for renaming logical registers and for identifying an instruction

that implicitly updates the arithmetic flags register;

an arithmetic flag buffer containing a pointer to the physical register
containing a current state of the arithmetic flags register;

means for comparing the physical register corresponding to a logical
register that is being renamed with the physical register containing the
arithmetic flags wherein if the physical register is the same and the instruction
leaves the arithmetic flags unaffected, the second identifier is set in the physical
register containing the arithmetic flags so that deallocation of the physical

register is delayed.
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