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WD 2005/ 006185 PCT/ US2004/ 018419 CROSS- THREAD

REQ STER SHARI NG TECHNI QUE FI ELD [0001] Enbodi nents
wohodsiesisavent i on rel ate to m croprocessor PCT/US2004/018419

architecture. More particularly, enbodi nents of the

invention relate to a technique for sharing 5 register

resour cegRESIITMHRE ADIPBISTERBHARINAFHERRNBUO002]

In typi cal” hi gh-pertfornance, superscalar
F|@'D:roprocessors, one technique to inprove performnce
'S register renamng, in which |logical registers 10
err [ [ : :
1000} 5 EttaodiRhis BEneTvoriehi BlEte  RiTBBREER0) Ardhitecture.

registe ing. hel ps .elininate fal se dependencigs .
Mo Bersg arl. SEdImeRSiafdne ByPBISN FgReice (GrBI Ry 0T Sharing
Traditionally, structures such as a register alias
regisie SOREES Within @ ®icseRrochssarogi cal - t o- physi cal
mappi ngs, whereas another structure, such as a
freelist table ("freelist"), would hold the unused or
"free" 15 physical registers until they are all ocated
BAGKEGROENDY the renane unit. [0003] In nmulti-threaded
processors, which have the ability to execute several
ea : i
[OOP?;si §3 1iRE4 .qurgPéﬁ%rméﬁ&eﬁgnpé%‘éﬁla‘;?ﬁlcﬁ%r%&édﬂ& ne

dcal reglsdf rlcamt ree y use either a
o GRSk 89 D AR bt repser
e T S e S 20 B R Bt

freelist available for one active thread if the
Thigmpiyeicabregisier mapping helps eliginate fialeadepsadengies fhat-would

partitioned freelist technique requires | ess hardware
exibtih tealogicai stgister maepihgr Meaditomaliyastactuhes suctbas aakgister

regi sters per thread is fixed. [0004] An exanple of a

alie{%r M%B(ez T8 &tbrR%the I 6gicAl toqSRsicN nipint sl weherbss another

t hreaded processor is illustrated 1n Figure 1.

strd 6, Bubl 353 Flells? 11b PHERYY, 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 logic but has a
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 allocation technique for a two-

threaded processor is illustrated in Figure 1. When a register is allocated for
1
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| WO 2005/ 006185 PCT/ US2004/ 018419 either or both

threads, it is read fromthe freelist 105 and witten
woOonow/néss appropriate RAT 110 as a renanmed regCsusea04/018419

Furthernore, a separate structure such as a Re-Oder

Buf fer (ROB) 115 tracks allocated registers so that

eltﬁé?%f Ub%'i‘thr@ﬁdé QE Hrraﬁé fﬁo% tefré £1R8 M5 tandhRRLEW ilte Ree T

needed. 5 05] woul d be difficult for the shared
t I
oRGEHETAAT0 b bfe ge o588 s

e The nu rles he
sughr s i Ordet e B3 e azcaleg ediers S5 thdl thelfcan
regi sters, and at reset, the freellst isinitialized
be vgttrnaskisrhprieslistwher godergeriansied. These initial i zed
regi sters may then be allocated into the RAT of either
[0085] bottwadldtbe diffitsilt fO@ciharee frastisiritsetifto handlganegister de-
necessary for a particul ar nunber of physical

alldcatibh} ifscauratheR iserdlgestanided ratifementsrter betveemh the two
regi ster allocation technique. A prior art exanple of

thr(??cf?dr the ﬁ[lg‘ib%'r 8P @Htrfe%gh Slﬁé’frﬁéﬁslﬁ HUANOHRE RO df Physical

strate Fi gure partltloned

regtﬁ%%ai%wﬁéa%%sﬁ%‘*ﬁeh%?E“bﬁﬁﬁ%% Wb pi*g%.ﬁ? %jépnumber-
ThestndaiPe0 Saisteraiay han berpl REetea syl RAT o egnet of both
space as well. [0007] In the prior art exanple of
threadfure 2, a RAT 210 and freelist 205 may be
initialized with the physical register nunmbers, which

[00816] oW heaarhofinte Hestiware netessaty forla pdréiculagnatrdes ohphysical
currently used by the RAT, thereby limting the size

reg‘i’sftettshﬁa?%eﬁ’é@@bé@b\ﬁlth%sﬁ%ﬂ%‘tlﬁé\%d Ré@ﬁéteﬁ Bleagiohabthifigue. A

i nstructions in program order each freelist can

pna‘aé(]ﬁ[aﬁaﬁw §F§ﬁa|g)‘?p$t itiBR&d Fé&[cll tgt loﬂqeaﬁﬁquér@ﬁlystrated in

¢l hg e nee a se ucture to
Flgfr xiT?ﬁegrtéalé’ngi?é{ @qorgeg rggls;fgp @l or@{lg{l h%cﬁ'nqlcg&e of |9|gure lfalrs(glgns
which registers may be used for each thread. Furthermore, if a thread is dormant,
its assigned registers are unused, which wastes physical register 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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avai |l abl e for a particular thread, but requires the

use of extra hardware, nanely 25 the ROB, to
woeo@lesat e registers in the freelist. On t hePOThs2004/018419

hand, the prior art 2 WD 2005/006185

PCT/ US2004/ 018419 exanple of Figure 2 allows

exérﬂﬁlesdfﬂ? |§urfe02 bﬁ’oW@r ibteeatele rélalibeatbd dettcstredist R@tHout the
use of ut reduces the nunber of freeli st

US%EE%%W%%B% BLREE Trtpe s, FiBRle tp 4 single

thro ention are illustrated by way of exanple and not
$?%itation in the fi gures of the acconpanyi ng
drawi ngs, in which like references indicate simlar
el ements and in which: [0010] Figure 1 illustrates a

prior art relster sharing technique for a nmulti 10

IR DON Oy THEIDRANMINGSes the freel i st space
avai I abI e for a single thread. [0011] Figure 2

[0009] ustHmabedinrents bbthednventiy aiedlustized by wacobhéxample and not
that reduces the use of extra hardware structures to

llmftﬁtlcfﬁ inotﬁétf@uF@é of tﬁ@ ddeehiplirdrawindd) th %F&?Iﬁkesnteferﬁnces

Figure 3 illustrates computer systemin whic
5 of the invention may be
mdf’éaté gﬁﬁ%%ﬁﬂgﬁ%%ﬁ% iljﬂstrat es a m croprocessor

ct ur ast one he,..
[Off‘ﬁi TRy BEA s st At Shar fichie-Be o it
re i ster sharlng techni que in single-thread node
giosgsse thakmavdraigesdin freelistisdare axatiakia fong single thread.
[0015] Figure 6 illustrates a register sharing
[0011d§ hniFigerei Dillosiraties tehpriarcartreatisteaskanng eghhimuertbat reduces
enbodi ment of the invention. [0016] Figure 7 is a flow
theQlgdy ¢f dxtned hardwasé salietire@id RUSlIcRREs Altiréd insrueEbh o iMthe
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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3 WD 2005/ 006185 PCT/ US2004/ 018419 DETAI LED

DESCRI PTI ON [ 0017] Enbodi nents of the invention
WwQentsaneIss 0 ni cr opr ocessor architecture. Mor ePCT/US2004/018419

particul arly, enbodiments of the invention pertain to

a register sharing 5 technique within a m croprocessor

DEﬂWLE‘D'DE$CR1P'N(ﬂQdS of instructions that facilitates
an optinma er of phyS| cal registers to be mapped

001y, SO P oo L o cesyre
ol SRR PR e B8P 08 B R Beh

hard-partitioned register sharing 10 techni que but
techRigueikuR arfpiceoprogpat s fer ra\uétml%rglr@ad% opinstrugtiensithaten
another thread is dormant. [0019] Figure 3
facilitatas enaipdisnal nuompartad phygicakregistessitodie mapped$o addesired
enbodi nent of the invention may be used. A processor

nurdger etlogRaktredistems Without iacwraind sigrificant hatdvardoverhead.
menory 315. Illustrated within the processor of 15

[005'8 ur ?n 3t Ie%sP?ﬁe epiirsdirent ohe ||Werftfc‘>% b%@ﬁ“lhg@ is G&dtethat

odi ments o I nventi on, however

'nckfﬁ?”ﬁ@@’%&eegaé\‘a %ts@c% RFRh S @%%’f?ﬁs&éy Shéiffo

T T Ol
i npl emented in various nenory sources 20 such as

thregehisrflrmaiidom access nenory (DRAM), a hard di sk drive
(HDD) 320, or a nmenory source |ocated renotely from

[001BE cdigured illagsatesravcampetenwsystem imt\ehithad 1840 one
cont ai ni ng various storage devices and technol ogi es.

embbaint@ft it theRvRhYoMAYayIse LSS Aretéssr 305 dddestBE data from
processor or in close proximty to the processor,

a c?%‘l‘?@ nﬁe?‘]&'gl 3P AERS HEmSry P! 1108138 ity 'ﬂ’ié‘ﬁfd@é‘s@or of

e cache

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 307. 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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25 nmenory may contain relatively fast nenory cells,

such as a six-transistor (6T) «cell, or other nenory
woebds/ooé1sappr oxi mat el y equal or faster access BOEa82004/018419

WD 2005/ 006185 PCT/ US2004/ 018419 [0021] Figure 4

illustrates a mcroprocessor in which at |east one

oo2Apodim@ire 4 PAlistrBRs! MREbpRITESr |HQNN§I¢‘ét IeH%?one embodiment
processor 400 has an execution unit 420, schedul I ng

ot g A s SR TAUE e
AR 01 S I e

t ages of processi ng functiopality in a series, and/or

loqgaa aI I’ pneginbedimant ehthedprentinm §hg migiapregassor is a pipelined,
instructions may be processed concurrently within the

superessad qrocesso that may dohtaér ewlitinte ptElgeseofgragessing
Furthernore, the execution unit may be part of an

funexesality fma skrigs endidr paralRsl corfiguraflens.s Acasidi m%yl PDfiphd
a simlar type or simlar 10 attri butes, as

ms{rﬁéﬁcﬂfsy m%\9|b%r&%6§ss«%d‘c&{d1u‘ﬁrenﬂgﬁﬂﬁilm ?vc%:%g?ore ¥geH Lt an

may - be a single executi uni t

d'ff%ﬁéh%%@% SR o FRLRBaRGR. the &%%Iﬁpf%ﬂf%fg%&#iﬁb* &

SRt H T A AR O RRE e A S o
rename 15 unit 407. [0024] Figure 5 illustrates a

attiillgest SIchsamlatensyatolaianesst @thab@mb@dﬁgemts theeexecution unit
enbodi nent of the invention that facilitates an

malyrie @ 88gle brecutivneuniof regi sters available in
si ngl e-thread execution node wi thout incurring the

[0028] dwarhe sehElasilifg unl nhay) EantaiarRbusIfartticial units, m%x_?_mg

architecture. This architecture initializes both

em%%rm%?s%@?he %hﬁﬁl@ﬂﬁ‘g' b CehBbaRte s B thd [Hve F’Lsgﬂorﬁ may

respectivel regi ster renanes regard
Qcessor is i

resﬁheélgg{vntpgegﬁ @rﬁrocessor archrfte% urg of F[gureé}loI 1r§ %T&ng 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 (ST or MT). If the processor is in MT mode, the
freelist partitions 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 active thread.
5
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node. The freelist 505 is initialized with the

remai ni ng renanme regi sters and checks the node of the
wonrosaeeiss (ST or MI). If the processor is in RTTMS2®H/018419

the freelist partitions itself so that each half of

the freelist is available for a different 25 thread.

[002'5] ST e erdddirhest (ﬁtFﬁgﬁrel B Witieh inchedd stw@tgeads, eight logical
available for the active thread. 5 WD 2005/ 006185

rei@%ﬂfé}éﬁl%@égwt \Agpglﬁlpte fggaslt&@sﬁ%?%@%% P?@ the$tis state
of ﬁf‘ggﬁéﬁ*ﬁf‘%“@% hE Rt ?%‘Sovﬁﬁt%tee ?%H@%@n?ﬁ%\%ﬁ%ﬂght

i,s also indicated. Particularly, the
enf@ﬁaw} th%HPY?r'%%' 'egISt{SPRRG Are Hsed &gy tbread %&%&er&wﬁqrmt
for thread | (currently dormant), 5 while the first

whileéhe fjrsétwentyendiies aresavailpble foothreaddad 0. [0026] | f
the processor switches from ST to MI node, then the

[0026¢ el ilsthe pracesdor@mgtches &bm B tbalT modd, themathe fradbifst
being used for a different thread. This is simlar to

partifi8n its&If irhalf, fwﬂﬂﬁemr B me@dJsreGQ‘b?b%f‘fféﬁﬁf {rigad. This is
techni que, the key difference being t at he set of

s 8 oA R ARl 8P ATl ol
difftgﬂqenc?b%ﬁgiﬁ%gﬁggégpé@aﬁcaiﬁg‘?%ma@or*teﬂfoéee%éaﬁée@cﬂzaﬂl pe
regi sters used each thread in the plga)ﬁ_sn cal_register

dewenc@r\mmthg@taieﬁém%ﬁaehsiaﬁHaﬁﬁlmetqfrtb@ otp-MThigansition, rather

physi cal register file. [0027] Figure 6 illustrates
thanreepradeternuhed set aff pihisicat registess per thaeadvT This r88ans that
transition according to one enbodi nent of the

regist@nisednby Bacli tirshain the phiysical Mgister fiTwill g dispersed
the freelist 601 un-partitions itself and allows

ranb%%lfir?rbﬁ h&( h@'ﬂ'hgs?cﬁl re@ﬁﬁe”l@el ist at that tinme to

oca active thread. The dornmant thread

l°°%2$ { Elgure P'Q?@?‘%?tﬁ%gﬁe PE e ReBhie %ﬂéF%%Mj‘f 3“§T

e the active thr The act thre
traqme.l lq>n gﬁcéqqq}/n fo one erln odimen ?the inven onI artlcul ?y, in an MT to

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



10

15

20

20 have twenty physical registers with which to map

the eight logical registers. [0028] Various aspects
wohowmoeds nent s of the invention may be i npl enearaig2004/018419

usi ng conpl enment ary net al - oxi de-sem conduct or ( CMOS)

circuits and logic devices (hardware), while other

enfRABEASTENhE tVaNBbRMFUHRSASId) Q;oh{tséﬁ]%tiin%}ﬁs o$'tmi,r Rilention
on a nachi ne- readabl e nmedi um (software), which if

LSS i Sy RGBS B R B

/018 enbodi nents of the invention.
pegﬁ%é@%ﬁ% %&P@argnbodi nments of the invention nay be
for Iel¥ i n hardwar e, whereas other
[004M o di d@H&es lgw chark thakilstiales| KarioHs speratians.to perform at
[0029] Figure 7 is a flow chart that illustrates
leaghpne @nkgsiment efhietioverndionorAh eperation @@t therembodiment of the
enbodi nent of the invention. At operation 701, the
invenbolisiar8 T afodenand initiedizbd ¢ allecate afdl repdmeagight registers
initialized to allocate and renane eight registers

withint #erbHyRRaP Patstenfiler qigjrﬁfe‘?hofré | tﬁfel\}:eul"nbﬁ? LARS& réfgﬁﬁbi@n the

nore unused registers in th physi cal register fl

phiical rgafsﬁil awﬁst&&%‘? Hesi‘reel %tgeqqeu&?%é% %@%sctﬂﬁfhgad If the

processor In

prqt\(;%%ﬁrérgl\ée nfyc@ Eté bgﬁ%%ggoflttﬁ% |rfv,eé|§ §{r] %lgy rg SfM,st ches qrwlng

at operation 710 and the second thread is free
Sth‘a‘Qﬁs@ Mitenpde pt pperatipA di0dathailreslist issdivided iphalfias operation

freelist. If any of the registers are retired, the
710 eadlthe secefid Hvead ihiise to age theereyisters indmatad Drits’A&Hf of the
accordingly, whether in MI or ST node. If the

freeigo ot arBNGT thE redieters Bve rétired, thelfksdlisbictcignthbsd M%g\s%rs at
does not switch between MI and ST nodes, the

op&%‘ﬁoﬁ 788l é&brtﬂﬁglxu\%éfh%‘? iRREPHEAE TGt h@th’é%%@h?ent of the

used by subsequ I nstructions at operatl on

mv[e%&%luy}é{egj '|F'I 1] ﬁ{)é/sgﬂopﬁﬁn&eg&w%%% ba%% §\‘I' modes, the

erence

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 fo lie within the spirit and scope of the invention.
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enbodi nents, this description is not intended to be
construed in alimting sense. Various nodifications
wofhodshesiss | ustrati ve enbodi nents, as well as oPOBUS2AD4/018419
enbodi nents, which are apparent to persons skilled in
the art to which the invention pertains are deened to
clajgsw thin the spirit and scope of the invention. 7
2005/ 006185 PCT/ US2004/ 018419 CLAIMS What is
' LS:..1. An apparatus conprising: a physica
W'%e@% g‘%ﬂ“é‘?jsi ein vvhi ch data associated with
inséﬁuctlons of a conputer programare stored in an
ord %m%%aﬂ§CPHHEE%Khent of whether a processor
executing the instructions is in a nmultithread (M)
mod@ physigakiagister filetin sduich datp anseeiated withdnsipciioasef
of claim1 further conprising at |east one register
a computet pragrarh@ré abdred (iRam)orter thatlisciatepehdeant af whetiodr a
the data fromlogical registers to physical registers

prd@e%Bbﬁe%é&tlﬁ?Mﬁé ftrucBohS fsah ei‘ mhﬂrthl%ad'ﬂ\lﬁ' &ﬁ@@é aF usifyle-
claim1l further conprising a list of physic

eW thin the physical register f|Ie that are
ﬂ"%%?kgTFgﬁhted to a logical register, entries in 15
the list being conpletely allocated to a first thread
whil e the processor is in ST node and entries in the
list being partitioned such that a first portion, of
2. t heTEﬁtaPPgéatU%lPEdé!m6cfé.'ft88r EQYMprising At 'Qﬂﬁi@é'@ regtster allocation
second portion of the entries are allocated to a
tabde (A d) tnindisatewaildcatiph of ine datasivomilegical negistensdo physical
The apparatus of claim3 wherein a first portion of
regidtersofvithinehe physical registed fleers in the physi cal
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

3. The apparatus of claim 1 further comprising a list of physical registers

1.

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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the second thread if the processor is in ST node, the

first portion of all of the physical registers being
woOang@osishan t he second portion of all of the pboysise@h/018419

25 registers. 8 WD 2005/006185 PCT/ US2004/ 018419 5.

The apparatus of claim4 wherein the second thread is

dormant if the processor is in ST node. 5 6. The

apparatus of claim4 wherein the first portion of all

I [ .
5 1 B B ERo E E PRI b RErROE  Bmapg e
r rocessor transitions to MI node until
prc?‘?%??ﬁ'ét'f‘%a[pmz?g?om ated with data within the first

portion of all of the physical registers within the
physical register file are retired. 10 7. The
apparatus of claim6 wherein the physical registers

6. assdbeapparaius lof ctaim 4 wheraia thenfitst pottionnaf adlraf the physical
indicated within the list of physical registers. 8 An

regisipes @ithim themhysanasgister filerremaiealscdted td il Bt tHread after
registers within a physical regl ster file for use by a

the hiOIcRBS rﬁsflr%tM‘Frrﬁocﬁ@hn lihQrddifrsdasbagt dé%gtVIth data within

regi sters, the st neans el ng partitione

RSP R, B LR

of the mcroprocessor; second means for allocating the
reti'édli cal registers to the physical 20 registers. 9.
The apparatus of claim8 wherein the | ogical registers
are allocated to the physical registers independently
of the relative position of the logical registers to
7. eaclhetapearatus of claim 6 wherein the physical registers associated 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 microprocessor;
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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25 9 WD 2005/ 006185 PCT/ US2004/ 018419 10. The
apparatus of claim9 wherein the second neans
woanprooes a regi ster allocation table to i ndPcats2dome18419
al l ocation of the logical registers to the physical
registers. 5 11. The apparatus of claim9 wherein the
10SeCIRE JPpRRStuS VTRIiRePwheRliN iR sédondiebRY 'c%hﬁfristeﬁ a register

allocation tables to indicate the allocation of

1.S 1 , s , .

alloiofRapBAEA®, &8 ABEadl PEinEIbaEReRlde S o brSical

associated wwth a separate thread of instructions. 10
regiSterSrhe apparatus of claim 11 wherein the first node

of operation is a single thread node and the second

node is a nmultiple-thread node. 13. The apparatus of

claim 12 wherein the first neans is a register file
11conffhesippgratuk iof clairh & Wherdiy fhe a¢coanelyinsins sotripaisearaeplurality

not allocated to the logical 15 registers. 14. The

of ARtEALISCaAbNGhBIERd hdibie ehé allbeatRimbithe IdgcalushRterefto the
physical registers in the |ist and the nunber o

LIS el SPE N My s i
as§pIGaNn, & 3ePhitle MreBu or fftisgedTe, *PB% heiSared’in
the list after an instruction associated with data

stored in the first physical register is retired. 25

16. A system conprising: 10 WO 2005/ 006185
12pCTThszpparatug i glaim 11 wherein the first mode of operation is a single

thread mode and the second mode is 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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a menory unit to store a first and second thread of
instructions; a processor to performthe first and
weeowsrdeshir ead of i nstructions, the processor PCT/US2004/018419
conprising a physical register file wherein data
corresponding to the first and second thread of

| NS BITHEMDANENIRLE sBFE Bt dhRSe@rethrétiePRsHaRtor: 5
whet her the processor is in a nultithread (M) node or

a si 5 Y/ : Al
anor R 87 Relialh iR and Socoh LRI it AP 8
re%i ster al.l.ocat ir(]Jn.tz?bI e %R,]QTIQ f]o i.ngi fagte al | oc tif)nth
PrfE>eReCHAPESIG S NVRF! SEFiEtE el NSedr St CYRyRRANGNg o the
_registers within the physical register file. 18. The
firs plfl secend drgpmof dnstiuatings ace Aigred iman grderdndependent of
physi cal registers not allocated to a | ogical
whethsirshe procassor ssinianmulihieiadt(MJgimode onplsinglésthread (ST)
allocated to the first thread while the processor is
mdde. ST node and entries in the list being 15
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

1y R TR e TRy it
hvsi cal 20 . . . .
b o B B e Bl e SRRl e 74 i o
portion of all of the {)hysi_cal registers in the
logina) sediaters typhysigal registess within heahusiaad register éilksond
thread if the processor is in ST node, the first

portion of all of the physical registers being |arger
than the second portion of all of the physical

18 egiTRé %E/§tem°-5f AN\ Pe30RRECESHBARSIRG & |H$%@9H¥Qé§l4réggst&§-
The system of claim19 wherein the second thread is
nofQIdEBd 1o\ a Id¥fical register, entries in the list being 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 physical

registers.
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processor is in ST node. 21. The system of claim 19
wherein the first portion of all of the physical 5
woegisanerss Wi thin the physical register file rearius2004/018419
all ocated to the first thread after the processor
transitions to MI node until instructions associ ated

20W t rhdafyatamh b cRimttBwhéreht tHROSddoPR tRfecR i%,d?fm%hﬁflﬂée

hysical registers within the physical register

Y
tih I 22. The system of claim 21 wherein
pr%&sgﬁ%gbggﬁmpégi sters associated with the retired

instructions are indicated within the |ist of physical
registers. 23. A nmethod conprising: initializing a
register allocation tabl e_(RATf) to map a first group
210f " Thgisyaiem ekclabp 1S whereinvthg fystierdonad @l ofthe RDYsieall
registers; dividing a freelist of registers in half if
registprowibindhe physicahtegibter file remair akbecatéd & thesfinshthread after
multi-thread (Ml node; undividing the freelist of

the' pioicetssrtrarisitidi® torMT easds untl instrigdtidak eskbeiaast Wit Hata within
node. 20 24. The nethod of claim23 further conprising

thd ﬁl%f‘gb%i;'pﬁp’%f%.éfrt si@%gfs?ers 'WftH"ﬁ‘?‘ﬂge} gﬁﬁcaﬁ%@i@ﬂar file are

grou ical reglisters being Int per sed
retﬁ,g@oughout a physical register file. 25 25. The
nethod of claim?24 wherein the second group of
physi cal registers 12 W 2005/006185
PCT/ US2004/ 018419 remain interspersed throughout the
physical register file after the transition from ST
22t o e pyaem ebclairn@1riwteretn e physical ppisters associated with
conprising transitioning from Ml node to
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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5 ST node, the second group of physical registers

bei ng i nterspersed throughout a physical register
woizb@s/002i85 The nmet hod of claim 26 wherein the BeTmIS2004/018419

group of physical registers remain interspersed

t hroughout the physical register file after the

rer@%ﬁmtéré%sé ‘ﬂ‘f?ouéHo:ﬁ'ﬂﬁh&ﬁai@&c@?%nst@ﬁﬁle@%r'ﬁé s n from

erein the |o grstersTare allocated to t

Tpigy egi sters independently of the relative
S p s@?ﬁ-ﬁéd%f the logical registers to each other. 15

29. The nethod of claim 28 wherein the sum of the

entries in the freelist and the nunber of | ogical
regi sters associated with a single thread equals the

26nunibbe methogiof slaiml 23 Buther eomprising thangitioning foeaMT mode to
register file. 20 30. The nethod of claim29 further

SToooge] thersgpcand miow@mbf plyysicdliregistepb peintpinterspaisetidhroughout a
the freelist after an instruction associated with data

physiesladgisterifiie. first physical register is retired. 25
13

27.  The method of claim 26 wherein the second group of physical registers
remain interspersed throughout the physical register file after 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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