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of the invention relate t sor

architecture. More particul arfispseenbodi nents of the

resour cel RS THREAD B
resource iSimcicacrore)me
| typi cal high-perfornmance, superscal ar
FIE roprocessors, one technique to inprove perfornance
I S_reqi ter renam.ng, in which Ioglcal I sters %?
[0003 e (Erpbedimgpts pé thenievention elated é"'ﬁ&tﬁf@geﬁﬁﬁf@rﬁ itecture.
| arger set of physical registers. This physica
Moare pasticalariys epibaglitnentssofetherinventionfralate tel agechrique éer sharing
that would exist in the |ogical register mapping.
reg%Tét@ﬂréSo@i’@éd withiptd Hidrapscesseh as a register alias
|l e (RAT) would store the |ogical-to-physica
mappi ngs, whereas another structure, such as a
freelist table ("freelist"), would hold the unused or
Eﬁgagggg%éﬁgphy3|cal registers until they are all ocated
y the renane unit. [0003] In nmulti-threaded
rocessors, which have the abl|lt¥ t 0, execut e .severa
[0002] o 2 d8 tysricd highsReriprmanes SHReERAE1ar JPICLPRIOLESSofS: one
physical registers fromthe freelist nay use either a
techaiqtiedarimprovenperfomaandesis registanaeramings in whichalogiral registers
freelist technique usually requires a |arger freelist

refeadd €0 bpdhaisttictides af@ma?pbdbntma larg2P sptof physicaiaegisters.
advant age of havi ng al | the registers within the

Thfsr i3l r §tb+ g§ RéIpS R tb\fSIsere%‘ﬁdbf\cfeEQhat would

ssor S run In"single-thread har d-

o5 RSB Al A o
o B BT RS el S a8 e

t wo-
structure, such as a freelist table (“freelist”), would hold the unused or “free

physical registers until they are allocated and used by the rename unit.

[0003] In multi-threaded processors, which have the ability to execute several
threads concurrently, a technique for allocating physical registers from the freelist
may use either a hard-partitioned freelist or shared one. A shared freelist
technique usually requires a larger freelist table and associated Io_gic but hasa
performance advantage of having all of the registers within the freelist available
for one active thread if the processor is running in single-thread mode. A hard-
partitioned freelist technique requires less hardware but can constrain
performance because the number of registers per thread is fixed.

[0004] An example of a prior art shared register allocatioh techniqUé for'a.two-

threaded processor is illustrated in Figure 1. When a register is allocated for

NN

*G00002*



10

15

20

25

t

25 threaded processor is illustrated in Figure 1. Wen

WO J08ge0sigsr is allocated for 1 *@&0002* WO 2005{:@9,@@@,’54,0,8“9
PCT/ US2004/ 018419 either or both threads, it is read
fromthe freelist 105 and witten into the

; 1.

eitEARbORhhfedde! it s Rt R 3RS T8 2hBuritenntoths,
Bu 15 tracks | | ocat e isters so

apbifny et RATLL1G 58 fepaniag! Togisior. CovTBEIOptEn S s PRbAIG Structure
needed. 5 [0005] It would be dlfflcult for the shared

sueh asia Be-Qrdes Bufies (RQBd (14 Srteapkstallocated regisiers sathat they can
because there is no guaranteed retirenent order

belretureextd the freelist Wheaatslongeensedbdr of entries in the
freelist is equal to the number of physica

[00@' Stl?ﬂv@uloﬁﬁé’ Joiii cdl?ﬁ)?tthe 5h&reld rﬁ%lisﬂtsﬂ? td ﬁéﬁdlé'rbé%fbr e-

each p ySI cal regl ster nu ese initiallze

A, BB gD L il
BB 150 bl ARG TR e e o physica

regi ster allocation techm rior art exanple of
re@astﬁa% @ngatireselo alreelist i i laéxzeawfh each pbysicajuegister number.
illustrated in Figure 2. The hard-partitioned
Theseinilialized Iregistars onayt thenrbejakoaatedringortke RATS of gittseridi both
whi ch registers may be used for each thread.
thréadg. hernore, if a thread is dormant, its assigned
regi sters are unused, which wastes physical register

[Oogﬁgur ] %bk&trol{ I?%le]ﬁaé ﬁ &fasa?{/ 'f%% %Hicﬁgaqrmn‘?béif of physical
rediflpts el | bbbl hf g Eg%ﬁéﬁmpp bﬂ'! E%S'rﬁ@?%géi% Eehblave. A
priciiat RAmble pLANALEpaENH Feoisiegeilogetion iacanlauedsiiftrated in

instructions in programorder, each freelist can
Figuemal dhedhardepartitiened tegister aliocatmhdechmqué&@BFlgmeéz assigns
reduci ng the need
which registers may be used for each thread. Furthermore, if a thread is dormant,
its assigned registers are unused, which wastes physical reglster space as well.
[0007] In the prior art example of Figure 2, a RAT 210 and freelist 205 may be
initialized with the physical register numbers, which allows each freelist to only
track the registers not currently used by the RAT, thereby limiting the size of the

freelist. Assuming that each thread retires instructions in program order, each

freelist can handle register de-allocation without an ROB, thus reducing the need

for a separate structure to perform re-allocation.

[0008] The prior art example of Figure 1 maximizes the size of freelist that is
available for a particular thread, but requires the use of extra hardware, namely

the ROB, to re-allocate registers in the freelist. On the other hand, the prior art
2 .
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for a separate structure to performre-allocation.

wbYdiHloggae prior art exanple of Figure 1 maxirg 66018419
Si'ze of freelist that is available for a partlcu ar

thread, but requires the use of extra har dwar e, nanely

exgmria & 0k 2 hlings Tealfels fo bedpriBbdisdn bs sestsevithout the
PCT/ US2004/ 018419 exarrpl e of F| ure 2 allows registers
use 1 5B FHBaPUJeskices ihe hwaber ekirpalislaninias avallable e stle

an ROB, but reduces the nunber of freelist entries
threadi | able to a single thread. 5 BRI EF DESCRI PTI ON CF
THE DRAW NGS [ 0009] Enbodi ments of the invention are
illustrated by way of exanple and not Ilimtation in
the figures of the acconpanying draw ngs, in which

BRIEEDESERISTENS OF HHECBRAWINGEar el enents and in
—'WE‘F'PT—F%TO%TT% es a prior art

i st chni for aded
lodgig.c HhpSd ﬁiﬁn'f%giﬁm '%%n idls Burabl ey oF BRfpla,and not
for. asmgethrg [0011] aureZHIustratesa
limpatien indhe Tiaes obihesangompantyingdraytiags.Ha whieh ke seferances:
use of extra hardware structures to re-allocate
indicai¢ sigailareiements andsiniwhiche freelist. [0012] Figure 3
illustrates conputer systemin which at | east one

[o00podiFigure 1 llbswéatestepriowan tegistensiiatiey teobnhiquedfdt 3 multi- -
Figure 4 illustrates a mcroprocessor architecture in

thré‘éﬂéd“p@ceb@&‘sthapﬁ%xwﬁ’ﬁ@@ @héfﬁ@bhﬁfsda'&@ dvﬁﬂﬁﬁlb'feﬂa "§hgle thread.

used. [0014] Figure 5 illustrates a register sharing

[00‘12@23 :Fﬁ@ﬁg'f‘glﬁ%ﬁ%ﬂegrﬂ,@ﬁ% P@gﬂ%ef gﬁ%@w%n qlietht reduces

the:r,.,lbqle:J (?ftqr e »{gi%s rLgtLrgg fo }erlglloca e retq‘eg lnSQFUCtIODS in the
freelist.

[0012] Figure 3 illustrates computer system in which at least one embodiment
of the invention may be used. . |

[0013] Figure 4 illustrates a microprocessor architecture in which at least one
embodiment of the invention may be used.

[0014] Figure 5 illustrates a register sharing technique in single-thread ‘mode
according to one embodiment of the invention.

[0015] Figure 6 illustrates a register sharing technique in multi-thread mode
according to one embodiment of the invention.

[0016] Figure 7 is a flow chart that illustrates various operation to perform.
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according to one enbodi nent of the Invention. [0016]
WO fidEfislss S @ flow chart that illustrates varipefus2o04/018419
operation to perform 3 WO 2005/ 006185
PCT/ US2004/ 018419 DETAI LED DESCRI PTI ON [ 0017]
D i E i nvention pertain to m croprocessor
particul arly, enbodi nents of the

inyention pertain to a register sharing 5 techni que,
004 411 né@%ﬁgw%s&éélwwen N Rarteiplcemidheriagesser architecture.
instructions that facilitates an optiml nunber of
Maepariculany, gnshedinents bbthedppentianopertain 4o merdgistenskaring
of logical registers without incurring significant

tedtmiglawithinvemicragroces88Aflr rhulttiple-thesds SiAsLOsisHs At

of the invention, a technique is used that incurs

fadib e o é%%?@F%@%id&é&l@@%&?ﬁ%P@ ?rﬁaébeéédr’mﬂfg desired

regi ster sharing

i Fighoe Yy BB i AL A Aip bRt
10Gcrin sy B Srabediment O s Bpntion, 2 seboliip Baed that

_ from a cache nenory 310 and main nenory 315. _
incurs hardware ¢ogts: associaied witboe bard-partitiobedirggisterhagingne
enbodi nent 306 of the invention. O her enbodi nents of

tedhinique invtehat maked evsreeegistary Aheailaiiplte wrettaread when another
ot her devices within the system such as a separate

thrBs8 i986ihantor distributed throughout the systemin
hardware, software, or sone conbi nati on thereof.

d
IOdr?%ﬁﬁ?]yF@@%rﬂ‘c@Q?trE%%“%égﬁ%gf%«y% e
., ' ' HDD) 3
emibpRBRen g e bivefaf sty birgiery A pisseeher S03Agbesses data from
systemvia network interface 330 containing various
a cache Mmpmad tand mpin seemonodl bslilustrateshwitkin the processor of

Figure 3 is one embodiment 306 of the invention. Other embodiments of the
invention, however, may be implemented within other devices within the system,
such as a separate bus agent, or distributed throughout the system in hardware,
software, or some combination thereof.

[0020] The main memory may be implemented in various memory sources,
such as dynamic random-access memory (DRAM), a hard disk drive (HDD) 320,
or a memory source located remotely from the computer system via network
interface 330 containing various storage devices and technologies. The cache
memory may be located either within the processor or in close proximity to the
processor, such as on.the processor's local bus 30?. Furthermore, the cache
memory may contain relatively fast memory cells, such as a six-transistor (6T)

cell, or other memory cell of approximately equal or faster access speed.
4
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menory may be |l ocated either within the processor or
WIOrR0e3/@sesspr oxi ity to the processor, such as ROT/U$2004/018419

processor's |ocal bus 307. Furthernore, the cache 25

menory may contain relatively fast nenory cells, such

[OG’E'I]a Figule Aﬂﬂﬁjsﬁ‘a%s 4 ﬁﬂ:rop?&&éssopfn Whithrat& eﬂégrdhecé‘nbodlment

pr oxi mat el eqg ual faster access Sp

o SRR H AP o 0.5

di ment f the iny e us The .
SclPGPOLET 41 rAngma IR0, TP URTIRT Al AL, andcdanadsr LRl 405.
unit 415, renane unit 410, retirement unit 425, and
[00R2] oddp anei emhodimerted #zg invention: thetmigropsacessorisa pipelined,
i nvention, the mcroprocessor is a pipelined, 5

suwalacm‘oaessmrdbasmy cohédin mattigle istag e oﬁ;brtdcpisang
stages of processing functionality in a series-and/or

furie@baklitgfin Q%Flbg@@vé%raﬂ‘él%hﬁg@@tlbn 'R&cbkdih@lyh multiple

instructions may be processed concurrently wt

'"Sﬁ‘drﬁﬁé&f%yﬁaﬁﬁg@éﬁ%a?+%%%@?“mﬁh@%é BRags3ff eqeh ata
executign cluste or der I 0GEesSS | str ctions of
diri ipelheiyde o Fusfisaie. tes skeciitounl melyhis b& or an
| at ency-tol erance. I n other enbodinents, the execution
exgfution k‘i%ﬁ)e'b'@ Qrdsr iyP@oess inatiushonsmpt a simiardypgies similar
scheduling unit may contain various functional units,
attiimdes,diuch asclatentiyrotarancd. trhethenembioidiments3 theoexegution unit
enbodi nents of the invention may reside elsewhere in

malyIve Peirghsexscutiohhuiiect ure of Figure 4, including the
rename 15 unit 407. [0024] Figure 5 illustrates a

[OOQEE'OSPFF\% s?:'ﬁ%?h ﬁ%%ﬁrﬁhérfﬁéﬁ’téﬁ\ \fé‘"rfb?%%ﬁ& I%ﬁs, including -

ment o I nvention that acl .
onbBATE o B ARG e W i oo BS 3018 Hgn ey
resnd% ggg\kﬁer%olﬁttﬁe processor architecture of Figure 4, including the rename
unit 407.
[0024]  Figure 5 illustrates a register sharing architecture according to one
embodiment of the invention that facilitates an increase the number of registers
available in single-thread execution mode without incurring _the hardware costs of
a fully shared freelist architecture. This architecture initializes both RAT's 501,
502, corresponding to thread 0 and thread 1, respectively, with register renames
regardless of whether the processor is in single-thread (ST) or multi-thread (MT)
mode. The freelist 505 is initialized with the remaining rename registers and
checks the mode of the procéssor (STor MT). If the processor is in MT mode, the
freelist partitiohs itself so that each half of the freelist is available for a different

thread. In ST mode, all registers in the freelist are available for the acﬁve thread.
5
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a fully shared freelist architecture. This

W lfoa@segure initializes both RAT' s 501, 20 502CT/US2004/018419
corresponding to thread 0 and thread 1, respectively,.
with register renames regardless of whether the

[0025)c eshothel embadinfint 8f Bigubé sgwm&%ﬁqe@w thFéHho%?%ieght logical

( - mode. The freelist” 505 is initialized wt
royEh BEF A 51T G0 p SRl 1 104 st

f [ aptitions itself. so that .each hal f of .
of I mAchiEE Wfibn B 57hbde fubibd adiafteek arCa5 My r Pedad! siaht
nf‘,l’ node, all registers in the freelist are avail able
enirigs Qfi{be physipal tagistayspace/aseusss) owghmwsd 1 (currently dormant),
PCT/ US2004/ 018419 [0025] In the enbodi nent of Figure
while the fiest tiveatyertses ave avaitsdds forahrdad 00gi cal
regi sters per thread, and twenty-eight total physical

[0026]i stietie prdtestdreswitdHesFrorf STt & MAT niode, thephthegrednen
in ST node is also indicated. Particularly, the |ast

pafﬁitﬁhk itsBM ifS?, With bE&P gabég)'re@nﬁ;@&g&ﬁl&lf@%ghﬁaﬁs ;‘ﬁ‘ﬁg is

or thread current

R L A X AT R

,ﬁrreelist, partitions_itself in half, wth each half

diffgrence baing thakthg set of physical ragisiars afipttedite eagh thriead will be
the prior art hard-partitioned register sharing

dependaiit ndhetstatelafthe fietlistrat tbe tie ofther3T-toMT fransition, rather
physical registers allotted to each thread will be 10

thadep pretieternoinet lset of pitysicH rédistors per ttsread! THICNidame that
the ST-to-MI transition, rather than a predeterm ned

regidtbrstisat by eaah trdaH ﬁfesplﬁ\fgicélrfégﬁgerpfﬁggﬁlé gﬁ%jbzage{rgté’% r

regi sters used by each thread I n
A i ' BJ%E,E t hr oughout the
ranfgﬁb‘gy( Qﬁarbl‘gg‘g‘.‘@z‘% [ ﬁgl re{g%ggﬁe)él gure 6 illustrates
state of . .the architecture after an MI to ST 15
[00gf, s Fide é@eﬁt@ﬁeﬁéﬁ% staleof i, Baieaturefienan MT to ST
invention. Particularly, in an MI to ST transition,
transiiory acearding tecneempadimant @f ¢he inventioan Paxticulady, in an MT to
registers remaining in
ST transition, the freelist 601 un-partitions itself and allows registers remaining in
the freelist at that time to be allocated by the active thread. The dormant thread
605 will still have eight registers allocated in the physical register file in random
positions (and unusable by the active thread). The active thread 610 will again
have twenty physical registers with which to map the eight logical registers.
[0028] Various aspects of embodiments of the invention may be implemented
using complementary metal-oxide-semiconductor (CMOS) circuits and logic
devices (hardware), while other aspects may be implemented using instructions

stored on a machine-readable medium (software), which if executed by a

processor, would cause the processor to perform a method to carry out
6
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the freelist at that tinme to be allocated by the

wardobyfcidyr ead. The dormant thread 605 will stgd.d 8ayei1s410
ei ght registers allocated in the physical register
file in random positions (and unusable by the active

tive thetead 610 will again,.20 hay, C
erpbifehts St hedfiventir. JafBiermicreviae Hbdupeniisingipvention
| ogical, re ist?rs‘ [0028] Various aspects of _
My BE BEHOHTBC.S0Ia in harsare oNh ARBASEe T GTBRMIMantS raay hg
conpl enment ary net al - oxi de-sem conduct or ( CMOS)

pecformgdtsolelyin sofgware. devi ces (hardware), while ot her
aspects may be inplenmented using instructions stored

[0020]a nEighreE-is edbabtieartrtit stiaedd varids opdratidng fo perform at
executed by a 25 processor, would cause the processor

I r . . y . 2
S48 PSRN st Aoy T Lbnt v

Ve BEST i Enf MEMREh 21 iratecind (B St FEYistefs
wif o886 TR ESejsieE i T fhariars. beaie Tore npted Gegisters in the

various operations to performat 5 |east one
physieRldeaister Tde are listed\r the reelist: todpeeused by ti@activenthread. If the
enbodi nent of the invention is in ST node and

pracesssomini vikich tiee ehibodirhenteofthe émartioni of Riguredi istpﬁlforming
within the physical register file. Furthernore, twelve

switthes WwMTatlofeat 8pefatioh' Va5 the ﬁB&Iﬁt‘F@givLc;Rﬁ iﬁtﬁ%ﬂf §€6 Seration

are listed in the freelist, to be use t he act

' ' e. i ent . o
710 BTG sbbohd threBIRERSE ¥ ubd i sthfip RN [ nalr og the
at eratjon 705, .the freelist js divided in
freglaty My PR TP GhIePS ole Batisodibe traystiariopisinons registors at
to,usg ‘L)he registers indicated in its half of the
opgrafian i dp accprdingly owhether in MTserBE rapde.r df theeembediment of the
. freelist reflects those registers at operation 715
invertingy idusigated inirigurer7 doesviotoswith betdeenl MTtame ST modes, the

enbodi nent of the
RAT and freelist are updated according to the registers used by subsequent
instructions at operation 720.
[0030] While the invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense.
Various modifications of the illustrative embodiments, as well as other

embodiments, which are apparent to persons skilled in the art to which the

invention pertains are deemed to lie within the spirit and scope of the invention.
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invention illustrated in Figure 7 does not switch
wetuvamucIyF and ST nodes, the 15 RAT and freel i $icTAI®004/018419
updat ed according to the regi sters used by subsequent
i nstructions at operation 720. [0030] Wile the
CLHYI@\%“ on has been described with reference to
I'TTustrative enbodinents, this description is not
,ntended to.be construed in a limting sense. Various
Whthi's PRSI of the illustrative embodi ments, as well
as other 20 enbodi nents, which are apparent to persons
1ski | AB@PParatys campristindihi ch the invention pertains
are deened to lie within the spirit and scope of the
i nveatphysicaliregi3tQ0ms i) AhictbdataTddso2ibdd With4istrdtisingf
What is clained is: 1. An apparatus conprising: a
a RBWHLEE] progedra iefé stdreg in Bn\Urd&hthefisAnagsersdetitest whéther a
instructions of 5 a conputer programare stored 1 n an
: LS i f. r ;
PB4y MEFRBIERSe Rl iRLiRNsRy, OS50 e sl

nod a single- thread (ST) node. 2. The apparatus
th&?acﬁfﬁ)ﬁp?a?urther conprising at | east one register

all ocation 10 table (RAT) to indicate allocation of
the data fromlogical registers to physical registers
within the physical register file. 3. The apparatus of

2.cl ai Thelappanakus ofcalaio il Juribermcomptising gb lgast oak register allocation
registers wthin the physical register file that are

tablet (RAT)tedhdidatelRchi@h efthg 8alaTtdh ,|o§aélrrégrstér@, tdpHydRal
list being conpletely allocated to a first thread

' i L Sic node and entries in the
A i OB ol

I st berng pa at a first portion of
the entries are allocated to a first thread and a
second portion of the entries are allocated to a

3. The apparatus of claim 1 further comprising a list of physical registers
within the physical register file that are not allocated to a logical register, entries in
the list .being completely allocated to a first thread while the processor is in ST
mode and entries in the list being partitioned such that a first portion of the entries
are allocated to a first thread and a second portion of the entries are allocated to a

second thread while the processor is in MT mode.

4. The apparatus of-claim 3 wherein a first portion of all of the physical
registers in the physical register file are allocated to the first thread and a second
portion of all of the physical registers in the physical register file are allocated to
the second thread if the processor is in ST mode, the_ first portion of all of the
physical registers being larger than the second portion of all of the physical

registers.
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second thread while the processor is in Ml node. 20 4.
Watus of claim3 wherein a first portiRFI/B$2004/018419

all of the physical registers in the physica

register file are allocated to the first thread and a

second portion of all of the physical registers in

the physical register file are allocated to the
5.secort apparatls 6f cﬂh.m @erf?éﬁ\Qhe's%cbﬁd #reBBYE dohMant if the

first portion of all of the physical registers belng

rbgé%,st,p, hsgsecond portion of all of the physical
P regi st Zé‘r;*g % 2005/ 006185 PCT/ US2004/ 018419 5.

The appar at us of claim4 wherein the second thread is
dormant if the | O processor is in ST node. 5 6. The
apparratus of cI a| m4 wherein the first portion of all
of tie gRRAEatug of qlaig 4 wheseinithe firstestiomot akt of the physical
gﬁster file remain allocated to the first thread

regus $ withiretherphysicad registen §ilet ieomain tatiodsiteddd dhe firstithread after
instructions associated with data within the first

thep prddessorofraraifiornd td ME AbYS ugiel tnsfr&éticﬁiseééddiétéd With'@ata within
physi cal register file are retired. 10

the R paktieh cS?fe\Il“c‘ﬁ"’lhE1 y4fasf @gﬁ%tél‘%%nﬂnmhé: ﬁhyélﬁgl gitSr file are

associ ated wt e'retir rnstructio
retirQG' cated wt h| n the list of physical registers. 8. An
apparatus conprising: 15 first neans for indicating
registers within a physical register file for use by a
m croprocessor that are not allocated to |ogical
registers, the first neans being partitioned during a
7. secbhe appaeatys of claimté whersin theephysical pegisters arssaoidted with

the retired instructions are indicated within the list of physical registers.

8. An apparatus comprising:
first means for indicating registers within a physical register file for
use by a microprocessor that are not allocated to logical registers, the first means
being partitioned during a second mode of operation of the microprocessor and
not being partitioned during a first mode of operation of the microprocessbr;
second means for allocating the logical registers to the physical

registers.

9. The apparatus of claim 8 wherein the logical registers are allocated to the
physical registers independently of the relative position of the logical registers to

each other.
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not being partitioned during a first node of operation

WO 200380618 r opr ocessor; second neans for al | ocaCH{IS2ed/018419
| ogical registers to the physical 20 registers. 9.

The apparatus of claim8 wherein the |ogical registers

1ere Fhe @@beaiué of tfam Phkeichthe setariceimeans dopsbeatd begister
e

of the relative position of the logical registers to

S0 o ORI AT S DRIAR G i

rc?qgrises a register allocation table to indicate the

¥6Bti on of the | ogi cal registers to the physical
registers. 5 11. The apparatus of claim9 wherein the
second nmeans conprises a plurality of register
allocation tables to indicate the allocation of the

11.0gi The appgratue of claimthwhergily $he seconshineass comptisesd plurality
the plurality of register allocation tables being

- ohagyisteralistation hatdles & fididate the afiocation ofthelsgicanegistérs to the

12. The apparatus of claim 1l wherein the first node

pﬁm{sé@éﬁé@i&é?@, é&ﬁ%ﬁ?ﬂé@’gﬁ%ﬂ?@g@&%l Qtiéﬁ@atﬁ%%@%fg

eisTanmltip . 13. The apparatus o

A B S Pt hrbhA S RPN ogi s ers that are
not allocated to the logical 15 registers. 14. The
apparatus of claim 13 wherein the sum of the nunber of

fhysi cal registers in the list and the nunber of i

12.0gi The apparatus pkclaire ddi whereinmthedfirst Biodgl of openatienyis a single
equal s the nunber of physical registers within the

thpdad moale arepthet sscohidlmod@ s a multiple-thread mode.

13.  The apparatus of claim 12 wherein the first means is a register file
comprising a list of the physical registers that are not allocated to the logical

registers.

14.  The apparatus of claim 13 wherein the sum of the number of physical
registers in the list and the number of logical registers associated with a single

thread equals the number of physical registers within the physical register file.

15.  The apparatus of claim 14 wherein a first physical register is indicated in
the list after an instruction associated with data stored in the first physical register

is retired.

16. A system comprising:
10
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15. The apparatus of claim 14 wherein a first physical
Wegh§h®iss s indicated in the list after an PCT/U52004/018419
instruction associated with data stored in the first
physical register is retired. 25 16. A system
co Hs 0,
oy oY opR i %*'%?%é?%eﬁﬁéﬁﬁéﬁlﬁfﬁﬁsﬁﬁﬁwﬁs
instructions: oce r to performthe first an
oo hieCRRR o ey e diratand Seertd e ot petruglions, the
conprising a physical register file wherein data
PreeRsses semtrisina: @ physicak iegisterdile wheteindlatarceaespbnding to the
instructions are stored in an order independent of 5
firsirarnchegcanddhpeantefsinstructiorisrare stovediih neardiet Mdepspdenpsf
a single-thread (ST) node. 17. The system of claim 16
wivdiegiethe pro€edopse
regi st erFI al | oc?gt [ E}F}Qm\%tﬂ@%%%rmpm cag%'lg |GIEF§%%€|T§E)
méde.the data from 10 | ogical registers to physi cal
regi sters within the physical register file. 18. The
systemof claim16 further conprising a list of
physi cal registers not allocated to a | ogical

ter entrles in the |list being conpletely
17a| | ﬁ'ﬁtséla tang of elaimf 16 whereain thaipraeesson fuether c@mpmes iad

in ST node and entries in the list being 15
legsaone regiatet allacatiarmtable(RAT sto indicatealladatioheofehi dats from
are allocated to the first thread and a second

logical registers td pleyealregRtars Svimin ﬂ@ﬁl%%léeﬂ réb@térern@nd
thread while the processor is in de. he
system of claim 18 wherein a first portion of aII of

t he physical 20 registers in the physical register
fil i rst. threa nd a secon
8por?P§n @Haﬁfé\%ﬁqgﬁq‘ubﬂ% ﬁngggi el{quz pﬂxspﬁgreglsqers
PW ? % fTr flle are allocated to
not allocate to a flogical register, entries in the list belng completely allocated to
the first thread while the processor is in ST mode and entries in the list being
partitioned such that a first portion of the entries are allocated to the first thread

and a second portion of the entries are allocated to the second thread while the

processor is in MT mode.

19. The system of claim 18 wherein a first portion of all of the physical
registers in the physical register file are allocated to the first thread and a second
portion of all of the physical registers in the physical register file are allocated to
the second thread if the processor is in ST mode, the first portion of all of the -
physical registers being larger than the second portion of all of the phyéical

registers.
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the second thread if the processor is in ST node, the
worees/opassi on of all of the physical registerschaisaghso18419
| arger than the second portion of all of the physical
registers. 25 11 WD 2005/ 006185 PCT/ US2004/ 018419 20.

2ghe 48 i '
Jor rmone S7P of tain 1 WHBIBILFIG <cpOnBaRsy S Uekart B,
rein the first portion of all of the
'%ﬁe%(gﬂag]'%%ﬂﬂ ?ers wi thin the physical register file
remain allocated to the first thread after the
processor transitions to MI node until instructions
associated with data within the first portion of all
2bf 1 Hee pyistemcel claioy ! 8 véverein thiifirst partiph o il @f thie phgsieal
file are retired. 10 22. The systemof claim 21
regtstersi withih ¢he pligdicall regieesrsiile ﬁ’émaﬁ'ﬁﬁlﬁc%‘t&ﬂtd"tﬂehrrsf fh?e?d after

retired instructions are indicated within the |i st

the Wé(té‘s%'or !l‘éﬁbﬁlbﬁé o Nﬁsmoge{%gﬁﬁéﬁ&@ﬁ %bg@ﬁsedt ‘8”'}\38"3 within

initializing a register

thé fird m&% ﬁf;gy §£1 h'efpgg/%&aé Irggls{ﬁr% Ahit ﬁ1§t egigal g@&gysr file are

grou
reﬁ&%fSters in half if a processor aSSOC|ated with the
e list isin multi-thread (M) node; undividing
the freelist of registers if the processor is in
single-thread (ST) node. 20 24. The nethod of claim 23
further conprising transitioning fromST node to M

22moddhet dysternafnthinr2uwhefein Vs pagsicaaegmierssadadicRied with
i nterspersed throughout a

the retired instructions are indicated within the list of physical registers.

23. A method comprising:
initializing a register allocation table (RAT) to map a first group of logical

registers to a second group of physical registers;

dividing a freelist of registers in half if a processor associated with the free
list is in multi-thread (MT) mode;

undividing the freelist of registers if the processor is in single-thread (ST)

mode.

24.  The method of claim 23 further comprising transitioning from ST mode to
MT mode, the second group of physical registers being interspersed throughout a

physical register file.

25.  The method of claim 24 wherein the second group of physical registers
12
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physical register file. 25 25. The nethod of claim 24
wéhangiiigshe second group of physical registerspcgs)fiissto
2005/ 006185 PCT/ US2004/ 018419 remai n i nterspersed

t hroughout the physical register file after the

(L] r T.t0 de. ,26.. The. nmet.hod of cl.ai m.
rebety BitbacBrecelotlanelt Mo FBYSeastPaig s Aol fhstizangfomtrom
e, the second group of physical registers being
Sfﬂé&ﬁﬂ%@pged t hroughout a physical register file. 27
The met hod of claim 26 wherein the second group of
physical registers remin interspersed throughout the
physical register file after the transition from 10

26V tTheShethudieof A8im 28 furtiémstinSisidg trahsitiBhingt fiém MT mode to
| ogical registers are allocated to the physical

e : | _ ' . >
S R, Bl g RO IB ot oy el e s oo IRGFPeREl Hroughout »
Laim 28 wherein the sumof the entries in
ph&ﬁfggf%ggt?@lgand the nunber of |ogical registers
associated with a single thread equals the nunber of
physi cal registers within the physical register file.
20 30. The nethod of claim?29 further conprising a
27; ndiTbgtmeidiod aficlaim 2hwhiecein the egcendgraup ofrhyisicad Iregisters
after an instruction associated with data stored in
remaia ihtaerspersed yiswoaghoutcthiegiissicas register fild. affdr the transition from

MT to ST mode.

28.  The method of 23 wherein the logical registers are allocated to the

physical registers independently of the relative position of the logical registers to

each other.

29.  The method of claim 28 wherein the sum of the entries in the freelist and
the number of logical registers associated with a single thread equals the number

of physical registers within the physical register file.

30.  The method of claim 29 further comprising a indicating a first physical

register in the freelist after an instruction associated with data stored in the first

physical register is retired.
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