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PRI M Tl VES TO ENHANCE THREAD- LEVEL SPECULATI ON
Background Technical Field [0001] The present
wale@cloessr e rel ates generally to informati on pPOLESBO60R4727
systens and, nore specifically, to support for
t hread-1 evel specul ation. Background Art [0002]
I ncreasi ngl mul tit hreadi ng up orted i n hardware.
For HRIMEHOES T BNSANGECEURE EL SPEGURATION
mul ti - processor system such as a chip nultiprocessor
("CWP") system may each act on one of the multiple
Backgybungr e t hreads concurrently. In another approach,
referred to as simultaneous multithreading ("SMI"), a
TechmicabFeldhysi cal processor is nade to appear as
mul tiple | ogical processors to operating systens and
[0001er priegireseht dibclosutdielatesdenefallg 16 affomedt@ntpio@assg syatems
be active and execute sinu taneously on a single
and, §po5¢ sacelifeally s i SWRPE for EHFasylevartRecHl ioneach | ogi cal
processor maintains a conplete set of the architecture
Backgreund Athut many ot her resources of the physica
processor, such as caches, execution units, branch
[0002] edi dhoessinglpnnltithreatyigisanppdrtedés handwash dferdustéee, in one

o biSe RSt A BRRe F b o P b BeSg P e
syste[n@ Q03] ealR hctBorSdtetThd MattiphhApa kS th@@a% 'é{)ﬁ&@ﬂenﬁ% efiiriofHer
sof tware threads, such as SMI and/or CMVP systens,

appraaﬁharp&rraﬁatpua@ ﬁlmvdsanwspmrlathlr@dme(dSM%”a» aaingle phym@é@wessor
is macf%dtg ai) oeae)a(l mul tl}’{l?‘{] pro]cesgorﬁﬁﬁ(; Bﬁé’lr%d{l] e%ljéa},& Xecag:;” user al%ro%rams

For msr neehié sofepdratitbaRican 8o dctt)en@l eQBduesimaulenddukly dnsa single

of t en_done t hrough shared nepory. O herw se
processpigWVEbew swagaiagp ffbgtrlarﬁa%gpgmaém%@ssgramamraém ¥ emplateset of
I I
the a%ﬂlﬁe&mfé‘{tftﬁrd:g{g gﬁﬂg% d}%}‘ ﬁ%’éﬁg@gén @L ‘?? ghﬁcaﬁ’ E)ﬁ(%ﬁ% sﬂ{;l}? as caches,
execnhanemds bmclhpxteﬂroeﬁsi, contral leglpanabesds Iareashziramlﬁor SWiEthe

certaln ass ns r ardln endenci es_are e .
AR &%@LIEQPF qtevars s &és © LRI %F%@?@@gwal
pﬂmékggle threaded program the technique is sonetines
referred to as speculative nultithreading. [0004] To

[00(%3@0\5\???)2 ,atsggc[:@ﬁflét%ﬁ%ecoﬁéurre%@ B RLtib P o FREEvalrd th?@a?i's,esruch as

SMT and/or CMP systems, an application may be parallelized into multi-threaded code to

exploit the system’s concurrent-execution potential. The threads of a multi-threaded
application may need to communicate and synchronize, and this is often done through
shared memory. Otherwise single-threaded program may also be parallelized into multi-
threaded code by organizing the program into multiple threads and then concurrently
running the threads, each thread on a separate thread unit. When certain assumptions
regarding dependencies are made during the parallelization process for an otherwise
single-threaded program, the technique is sometimes referred to as speculative

multithreading.

[0004] To increase the performance of, and/or to make it easier to write, multi-
threaded programs thread-level speculation can be used. Thread-level speculation refers to

a thread’s performance of a block of instructions speculatively. That is, the thread executes
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t hreaded prograns thread-1|evel speculation can be
used. Thread-|evel speculation refers to a thread's
weeeo7oeasemce of a bl ock of instructions specul BCT/U81096/024727
That is, the thread executesthe instructions but other
threads are not allowed to see the result of the
the thAR{CHb B ?ne&‘ ﬂ{rgAd taFlaen&t%ﬁS@Qd f@%@%hearegﬁfhﬁﬂlg'ﬂn Y 9ctions until
commt or discar (9 so known as abort K Gone
the thqee@ ulakes a/éécysloli 0dnjmiPoodiessd (dsclarowrpdsenbiott) dredydrk\dehe
pecyl ation nore efficient by providing the ability to
SpeCB]Gle Y- and contain menmory updates done as part of a

qﬁecul ative block of instructions. The menory updates
[0003dy L& roemsup ean WAk thregdrl @Yﬁl éEBOP@tIBé ipese gftesiend by @ngddmg the

abili{;{}ls bﬁﬁ@?#daédn i ?H%HR)E%’ ngcpa e ab 88‘9 8 a gé%uﬂ{wé Bfck of

I'ngs that a progra to speculate on
instr\mmnb eThanthwoek updatesadsy bsblﬂmaflui&ﬂtdlmmtedtmmrfdmdﬁ discard the
runnin conc rently on other threads. Processors can
speciigiiye ‘{é‘ 68f fi ci ent by providing support for
detectlng dependenci es. For exanple, a processor

[0049] ov i é@lesqfﬁb%ﬂ]tm&Sdh%i@tré@gramﬁ“é@waméo Spresiataen %ﬁewlaﬂtbw block
of cogltatl) ég)ulé{l]&f&gﬁ r?oa%}( Fg@eg?ﬂgﬁfmgQS ('g%ﬂtél h{g gﬁegﬁ{ree%% Proaessors can
makeBthlsamofaea”ﬁcuembmoofdlﬁMpﬂsm‘mrlm&ctlﬁ)@ﬂs?p]enEEﬂhmil Rendgxample, a
of the pres |nven i on be underst od wi_ith
ProCPEPLTEH BV SHEOH 8 SESGH° W&H ﬁl@hwwgg afike RRFERE padegieads any
menBHPIRMchshA id ﬁﬂ)'s&g&ﬁ@y vl ﬂe'ﬂ é,%m%f §onc1m@§t% gw ngs

are not 1 ntended be limt are instea
provided to illustrate sel ect ed enbodi nents of a
systens, methods and nechani snms to provi de specul ative

mul tithreadin ransact ecution s ort
[OOO|8] Fig. I1gi réet}ﬂ#eg‘c‘?p ?Iélﬁfﬁir% é‘é‘ggs(: ng augfaphl c

[00(&; pr o}gﬂb %1'@81%9?}% g}eéggsgg{lglv %Flgllael}yetm lgﬁllegsltﬁ m{]}? reference to

the fbl'lévlf'ﬁg el iRgs ﬁl%ﬁ@ﬁ fife ERAkHE 8% RlicBteRH9ARS TR mbers. These
according to at |east one enbodi nent of the present

drawiingsent ngnntchdai0odk lispigag bat are mtead Bravidedftp @mutatet sslected
ustr t|n dat a cqontr for at 1 one
embeisiie bl VS B S heBanitns v idf et iivg e
multﬂhﬂehdhh? negcdtagadtiohtl dxeanmaGhpgiral execution support.
[00011] Fig. 6 is a data flow diagramillustrating at

[00dsgast mpe Bk ENradlp r@seﬂﬁgg;@gfa H‘cterl‘é?etn@thEh"b?atg@ﬁ‘éral
execution of a transactional Dblock has fail
parallel programming approach.

[0009] Fig. 2 is a block diagram illustrating selected features of a processor

according to at least one embodiment of the present invention.

[00010]  Figs. 3, 4 and 5 are flowcharts illustrating data and control flow for at least
one embodiment of a method for performing speculative multithreading with transactional

execution support.

[00011]  Fig. 6 is a data flow diagram illustrating at least one embodiment of a

mechanism to determine that execution of a transactional block has failed.

[00012]  Fig. 7 is a block diagram illustrating at least one embodiment of a system

capable of performing disclosed techniques.
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[00012] Fig. 7 is a block diagramillustrating at
| east one enbodi nent of a system capabl e of perform ng
wale@echased t echni ques. [00013] Fig. 8 is a bl ockCHUsSYnEM4727
illustrating at | east one enbodi nent of processor that
includes an address nonitor table and an atom c update
| e . .
O RS e R e Do iRl bopessor
that meludet adadeirtss diorgtor sabtef andemteoetsic upyate datde Bm]hpport transactmnal
nmechani snms to provide hardware support for
execl"“?rbad | evel specul ation. The apparatus, system and
nmet hod enbodi nents described herein may be utilized
with singlecore or nipetaileddPescriptiont hr eadi ng syst ens.
In the foll ow ng description, nunerous specific

[00044] ai |Thedplowing discossies cm‘yqséglectﬁd lembpdineeadh ofgnethods,
systegl%, ddnd {E%QB ?ms 3y §m g%ﬁl%&&ag%%?p 8%}?& thge%%ﬂg\?/eel rs;g ctlﬂ“b!:ugn?i The

appafatiid, Bydtem pnd vietle denibadénéhodeugbed tivdein shartst wilized with single-
enbodi nents of the present .invention. It will be
core gh BrudiE-ratedpul tlﬂ@m systsynso b thepllowsimeidssaringions FurpeyaYs
fic
specllic Sl Aok B R LItk BRonSHOR, BRAGH
confrgiuractlohs; Slatacgtiahctulnes, hmd<mstlmmtmnmm1enhmm aﬂﬁswnamtmsdm/abéen set

to avoid unne ssa obs ur i res
forth ) PR T Or S GO RSED LS n M o bSOl Fisresap dvention.
It Wlﬁ)b‘élaﬁ*)ltecfalfbrdeﬁ&véw%\‘ &ly GRe&ilath 8 ar@hat tﬁ@ﬁfveﬁ@&fﬁma& be
not the concurrently executing threads may

practi¢edrveititoué sewrhirspectirdetpils padditionslyusee el &hawn stracttuess.m

circyifioRIElike By oS REH S RIh 055 o5 RS HRneR ooy SHiuring the

presé@@pRhfdd.ve threads share nenory space, they may read
and/or wite to the same nenory items. Accordingly,

[0003SY C UrH B k1 - wmmtmkmemw& YSit &Péa@ﬁlé%l P AioREat Teast
synchroni zed with each other rﬁ) order to do correct,

somermﬁxmt ayf of thmorltcun{e@tbya@&]cuﬁm@thl dadis sag shiwedke shinzgmempry space.

s upi St s 8 o AR e ATl OB e Sipephere e

samdMRBRbY; spavs hB@ca&E@ﬂl@ @ocﬁ@iﬁlfv)é thiehdd PERGASHORGpREY, @&‘BygﬂAy read
may be used in an approach referred to as parall el

and/gyr wted et entgmeApeBeny iregst @chmdgngnmoggwnt]yrpxecuted cooperative
threaglg Bﬂl(#lﬁéi{)é W ﬂo%% ?%{ ea@ﬁ%the? 11{ 6r|dgr t%oc{o c\g%regt B8t gﬁ}l work.

erre

100013}, 05 FE 4 sy MGy ﬁ%s%‘ﬁ%ﬁ it Eatfhs b soonerpgive

threa9f1 R 3VAING tRAtQHARM common logical view of memory. Such a shared-memory

multiprocessing paradigm may be used in an approach referred to as parallel
programming. According to this approach, an application programmer may split a
software program, sometimes referred to as an “application” or “process,” into multiple
threads to be run concurrently in order to express parallelism for the software program.
That is, an otherwise single-threaded program, or “process” 120, may be broken up into

two threads 126, 125 that may execute concurrently.

[00017]  Fig. 1 illustrates that each thread 125, 126 has its own application and system
state 202a, 202b, respectively. A particular logical view 204 of memory is shared by the
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That is, an otherw se single-threaded program or
"“process" 120, may be broken up into two threads 126,
wa2®70eas0 may execute concurrently. [00017] FiBCT/S2006/024727
illustrates that each thread 125, 126 has its own
application and system state 202a, 202b, respectively.
fy <l .
coo R 2 PR Rt R by Pod IRk R RiRMy, or
leastpae teinbo amenpyrthe eswpel2ive theaisri@b nfléymay eachahaleahs sanoeiew of

.. enbodi nent ,. the co rafive threads 126 may_eac
virtog BPgoRF Batis BTy RO g bt ?Eqs%trngnsaﬁtsw%f Hhsdbrpesss 126 5d may
havecﬁﬁﬁﬂﬁyuﬁ)t &eh Bihetd Q/lrﬁﬁﬁﬁ@&réﬁgyﬁ‘)@t emfor the process
and may have visibility to each others' virtua
[OOﬁ%ﬂp Slpﬁ‘igl eggso 9&%}8@1@ of idehb i, ot o t&%fls 125, 126 fora

dcussi only two thr
procéssrl 28. fﬁlo&cw@s sﬂcﬂbxaiﬂpirﬂ\]/lastratmn chowdd anpbeetakéd toerlahitiap. The

houl d not . be taken taq mtin nber of
G Do B s BT M P oy o 120 e e Stbre Sgn . The
uppe? B0 & thRANNHWPef tﬂb%dyﬁ)s‘gg&atleg WAG, eﬂ%o&ﬁ? 1,5.‘?: mé?rbe‘ﬁmlted by an
hreads associated with a process

OS m?gram (@8 sow.am (not shown). [00019] Var i ous

approaches have been devised to deal with

[0003Ph c hr\Gariana bpamoadifes evioiegn deviesbeslehlowitlc opparatizadien of
t hreads. A conmon. appro ch for dealing

memoih ahp RICOBRPT CBBALT oh COBMORRRHECH { ortoal g with he
syncH%MaMoﬁ 8EKSopeMa®D Eh\feelﬁ GKe ﬁEEé/oiblﬁel'ﬁ% obi. %%@'@ﬁ 16€ks may be

hat a parti cuI ar thread has exclusive access
used§th graranidathat & partlaulpaﬂmadthaa exdesive nm:essfto cshmied data for a

traditi d.al
partifj UL Reoly In i TluGtSideyn bt e Bred
arouSBsBECritREDIICA6H op&m\ma& rmdyfevgyédu‘s@1&0&9&%13@\71819(1?%111%16
critical sections concurréntl For such apg{r oach, a

threaglp, pxasyteraijicaksgations coneurrasdly, Fexeushiappioaeh,erthrend atay acqulre
P
the 1%?(5&63[1@ %rbq tltcg‘lkes%c c% SR ﬁlebqaeis%%he locﬁ ggrtf%%?? %ffnnb

edause hey "can
degrztdedé)adSCHsrbaﬁalrsH fhelyrogn M@Uﬁmﬁﬁﬂé bhrealag Iﬁfoﬁ{ MRAGE Raturksitly.
raded if, " to be s , Iocks are held

eff({%%gepﬁt%éﬂ? ?f@%%rsdgggadeehfauuﬁtéo bp &k’ lﬁfﬁsﬁ a5 helf myse thaad
nece§s§1:>h efhal &S Rcitd ﬁfa J?Ef: fglqg%gil Péggmfﬂtﬂﬂgﬂ}/z e the

formance |rrpa ferent | ocks

o090 or 55 88 B By SR S P R cne

used iy fah @pplidatior 6b ittem fockingde denedt a\/ﬂﬂehe‘ﬂﬂl bf gﬂ‘aﬁﬁlant%} DeE&atedl with

Fi ne-grain ] ocki.ng nmay be cunbersone
eithey E%Fe% ﬁ%ctaoeas eberele oamthrﬁ_t;fe@at Blpeeolcady @a@n g@m \ppking anay

be c%ﬂ(;éggzso.?net iR REBAT n ARRUENRYOEEIAL B &ladlBk Wih S single thread

must acquire ownership of multiple locks.

[00021]  For a variety of reasons, concurrent accesses to a set of shared data structures
by multiple threads within critical sections may, in fact, not conflict for any specific
occurrence. For such cases, the serialization provided by locks is not necessary in order to
ensure correct execution. Pessimistic use of locks in such cases may prohibit full
realization of the benefits of parallelism because one thread will wait for a free lock, and
then acquire the lock in a serialized manner, even if such serialization is not required to

maintain accurate memory values.
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[00021] For a variety of reasons, concurrent accesses

to a set of shared data structures by multiple threads
wowaohiomessritical sections may, in fact, not cornfT/D81006/024727

for any specific occurrence. For such cases, the

serialization provided by |locks is not necessary in

0P ARoRIBHS SRR S EESBL Yy o
Spedul‘%lvbém)ek Efisionf(“§RE"al Thé SBEabpmadsmap rmiubdﬂtheaxd)liwmbcks Such
apPrg i P pOP SR Lick T i S i Bihs oreiial

MulfiBeHAEEExcRutiBRY MR Giwdr A Y PRIcE3ERRM/INVEE 13S: 5PA027
Accordingly, one approach to avoi di ng unnecessary

Microarchiiedturgt 2¢H . iFor kwdhwppamsiclpeisukengnized ot ko sgichronization

instehofid i ot 1S ARRARR A BB pis ! bl SERLSI, somg i

syncHldn$Aa6i6i ifsRablidid ard hrgbicled o nandck Aty Md dré blid&iRdR¢ases where
Execution,” Rajwar et al, Proc. 30th ACMIEEE Int'l.

two eRnepITeRIfY-RIecHbRE efficabenctipes dopmg fouchgmy ofi e ApISTOBILY
locafidns} theh BROARAGEHRRA3A TR I RYDENBYAAL | On

nstructions peSS|Hls |caIIy and are
wmﬁ%it T POt S ppRiari BARELNReahESEERh s djsussed abore,

transatti HRlexdctiGABAnWISSE TMRr & BARIHCT 61H] 'e)(ec@lﬁﬁﬁ dhphro8eh, a block of
critical sections do not touch any of the sane nenoré

instrpgioas s de demsrcataseasantatgmigibdockad ingyi tzeeﬁ}qe@lﬁe@atona@al
Wlth{)l?[ tﬁé’ Hée% Ta E)%EO@%% ué%i h% if lthee fe 5 BY Sm?cpl?lr a8 Cg]ndt "Br gaa%Ponal

and RN ove Faneact i
blockExmay be Oﬁedl‘lﬁfércﬂia‘ﬁg@@ti/ ) Béﬁ@ﬁtloa rﬁa[yﬁfbsrﬁﬁhld@(ﬁl alchekgtGitheOfhe net
ach, block of, instructions nay be demarcated as

effe%oféfi%% R qfl dsmarcatrd ingipchensare allsean @ldcﬂ%lalrttpé/ tayshe pERAESSOr
statel %lgbeﬁgigfo?'f fi‘egg?lﬁf aglg‘%g g%ﬁ@gﬁg{ ?e'anst{;L{ﬂﬁoﬁseixg‘éee&lsor q

cominritedr d]hm;geaidleg/aﬁ alfwnamkeifom ofgynberopizati o fat aswshlng kisdred
ei t he ts of the each of dg rcate

memio%tvylﬁacz% ne eraﬂf e%ﬁ 1S WSS, N FORGHFECY @R & Otllﬁgle reasoning that

n&ﬁgﬁpgggﬁngqh@bﬁ) &h veltse none of the effects of any of
he denar cat ed |nstruct|ons are seen or commtted.

[000;94! S a?ggglglﬁitﬁvae Igtﬂ:k%ﬁ S5l ﬂgnsfagt[i(%l E}gecﬁﬁgﬁ: Qﬁrﬂ?&té Bkl ?\éed

ared menor a nunber of benefi
with ithreadetevsl specdatiausuppot yInehoth @dses; thersetﬂaﬂmmqmm mplotkaf code

to be%%%@%?%?ﬁe\?@aﬁg x‘% etﬁﬁ SR8 ot arsdaEndse Oooﬁﬁ%ﬁeawr%wppm
inclu@ed %n@@wﬁ‘ftﬂ sued n’f!rﬁd’iyhﬁﬂﬁ@éjpér%\fﬁkd mﬁyih@tsb%latwe re%(lon and

support n both casesS, the semantics requifre a
then gemoie dissatsbthe xpdatenhs p@mbétsupwhyalmbladmrmmwamg) detect
ifa nflé)rﬁorgfar%e?d vqr n[ﬁlee 9}’%081?1’[1V6T rhe%lorneo lé'('irrvee:&j a Vaul%g ?hat was modified by
another thread during the period of speculation. This requires some way to remember all
the memory addresses read within a speculative region and monitor them for updates by

other threads.

[00025] Speculative Multi-threading is another approach to multi-threading a program
and using thread-level speculation. For Speculative multi-threading a sequential program
is partitioned into sequential tasks, or blocks of code, that are then run in parallel. The

tasks are ensured to commit their updates in order to preserve the original sequential
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i ncl udes sone way to buffer menory updates perforned

Wi thin the specul ative region and then commt or
waele®cmoxsse he updates. The required support al SBCT/US2006/024727

i ncl udes sone way to detect if a nenory read within

t he specul ative regi on observed a val ue that was

semdFRids. fTIRadRY ai’s@%(ﬂﬁ{or ﬁ%?%gd&jt% b}pglg(/fbﬁs p&kd %gé the yalues they

specul ation. hi s requl Sone rene
obsetved, imewipicly cas@dh@srmd to éadardntltdnn spewlm\emﬁdates wed rc&’tgltb(ﬂwork

e AR  F  rBRN G B 90 e SRS 8397 Shoon

discuredd abovBr eadi ng a program and usi ng thread-| evel
specul ation. For Speculative multi-threading a
[00@%14 Ue”ltlie?é hWeQEEff‘Hiah? d réﬂth&%@ﬂs b &Swscs %Hﬁ@ Eﬂeaﬂardware
t asks,  ocks of tode are then run
supppetrfalr ﬂhe&ad~1€m spaxskasiony & vezibasreoy ltocpromdmhte sioftware interface. Most

ates jn.,order to preserve th
of g el Rl Sl S lorb iy posgige intestuces.
Effe¢tPda) @8y BedRpEMt Ste dBBK SrchlieREesthiB eTNR! tH@}ﬁcdrﬁi%ﬁe execution,
observed, in which case they need to discard their
buffespreonemetywpdatss ardsoatieringaempticlopasions thet ererandifefereign
ertet%upport for this is fundanentally the sane
hr ead- | evel speculation support di scussed above.

0 el B Bt S R B8 st n

knoviP@&th @i dnaNexcR8ti WA dpréh h@t“’rﬂe%d?% SMtedQedtbby HelhRAE is
i nterface. Most of these approaches have prow ded t he

specwlaiee beegiss it ismot koovad whythehihe atpmiv togk g instruetidraceal.

f tiv t hey..che Qint so of the it.e
sucof iR dolfplofe bRENGH IR, Yol fiitoShert i Plert Rk Brepa for
the stipel dhi@Sardledrng hwwm&anmmst cb@scritivenBrehd @inmdk Be p&FSkmed
for foreign wites. [00027] During execution of an

atomigaflyri d'hpl ik isgmoxndhsherahhs/eop armaisepeclgtion regpuding therfust
and/m%%hdtcro%g g%b@)?%ﬁ.e ﬁﬁ‘g{gg{g BorIRiRY %g]?lg%l %zﬁ%@%g@srsgr stz%te is not

state cre I'S Spec
updatesl dvoing lenemmmkmétl’reehsthheoﬂd ofithe atohne klook, acB&ﬁingCtblao Reast
wi | | ﬁccessfull conpl ete executi on. That is,

SOMCIEBARFI FgBRAcHaRa! \Pée‘%%oééapfﬁ?‘fj}?ﬁ LS PRRIOPRSFOTHC isppintained
as an%fd@ﬁn&f‘ﬂtérﬁ%@la{et stats Pﬁﬁ‘l‘%ﬁ@ atofd bltog? F&h{)]%]es %Q?&l%()ﬁt Ive

hread cannot be perforned atomc

[OOdtﬁﬁgVTiFtrog?ﬁcht %)ﬁfoeacﬁ@ss tl'f% X tﬂ]e g&s%k %t: 8@ i sﬁg@tron @fgc g

or seéon cooper |ve provi
atomibslock dgeadudmivhether dthet featas sHthe Stcrhie bicekraill ulltmﬂaﬁegdbe
executi on of thFFI nstructi ons of the at

comBitsey Thigt B fgeationo! hsalamisSlaslciho prapdiate state is 1) a first
state tlf BBSAR ik ‘ﬁﬁ%atgl?eo%g:ﬁ)h&ﬁtt@@ BIAREEESo thOSth At WIREESSOT

state 1's nalnt
maintained in a speculative memory buffer, discussed above) and 2) a second state if the

state is not ultimately committed.

[00029]  Accordingly, for some common transactional execution approaches, the
intermediate state for an atomic block is not defined. This makes certain operations, such
as precise trap-handling and single-step debugging, infeasible for instructions inside an
atomic block. However, Fig. 2 illustrates at least one embodiment of a thread execution

unit that supports speculative threading and transactional execution, and that also provides
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as an undefined internediate state until the atomc
bl ock conpl etes execution. [00028] For such
wapproeskes, the state of the processor at eacPCT/US2006/024727
i nstruction of the atom c bl ock depends on whet her or
not the state of the atomc block will ultimtely be
a pre6iReHichii&fed st St tHdWolAGhrPXREN b RBr&@herdi\6F REBMSirRiRBE KD an
the internmediate state is 1) a first state i'f the
atomigtdoek.is ultimately be conmmtted (anal ogous to the
state that would be maintained in a specul ati ve nenory
[000B0f f elFig. diis a bdwkdlizpau éllusantingd nalisduoeaidd pradessor 200 et

state jg.not. ultimately comytted. 0029] . .. :
provigeEe ahiisy infRmeE ﬁrénéahﬂﬁ cEi<SHoR IS A viding PLRGn
archiRRRUAAROAShe bOEdalt &1 TR AkRuchbA! iRelling ARG iRkiAGK

i's not defined. This makes certain operations, such as
transpotiopilddotk. afhamncissar@08stpirtsgbrewtanp extebtigydfgore than one

i,nfeasible for.instructions insid n om ¢ bl ock.
ot € 5. 4 4580 Ui, bt et sl B8 ot o
indepRntiétt @RELUEINR 0B k@Ehnk BF instriiions tHRAPRAY He SREfEPBIdIn¥Errently with
t hreadi ng and transacti onal execution, and that also

otherghusodsielvepropesei $he athendl tumencempassesthe idea, hotnberargf
exeob Ml 08B SR A YRR IS AR PR AP

I ti-threaded processor 200 th provi des the .
000341 P bR EnBREERRE sBrosnel 2o FaBl R rrion of an
appliBAtRM S Jdg (iR Bed B&ndasdlieliest Ebush MLusdlof thGHRRHRABIY N For

every instruction, including instructions wthin a
examplep Aspeciasiva thisad erferradhto aﬁr‘fg% gswee doend gppydrn on the processor

200 SEREAHL GO SE B ) SO ST S i e

on the @aRkssot PO, bynEe tiredf thatpdePaNEEME spaveE UThOthrad that performed
stream of instructions that may be executed

the spayyicis referied {o 4 the seaver thiggdeads of a process. The
"thread" term enconpasses the idea, therefore, of

1000830 c uFisA iBesteatesat taasiranci(MP eobpilirens twieserezohorignuliipls thread
unitstgﬁg é&ﬁ%@&%ﬁg@é}f&rgr\%ﬁ?ﬁé %ulﬁ}él?tcglﬁé [1 ﬁ%&?—%&/ln Ilécs){diél tinlﬁlgs;%%sgtl% %hip

he "process y execu

packayfe 180. ®aph ter@tliod M Weadet Hsihgloabrebé ol thedatiedstocessor.
t hrough the use of cooperative threads. For exanple, a

For a%}fé%flﬂ%stemb@dim%aﬁo@MP&%@ (saeh 85 es 10MR) separpfrdaom kheogaye
4 . !
el LB IR QRARR0L 2 B010 AR b i 0

0003555583 s LR ER e T DS SR st

core Bipa¥dlol Bat KbpoMEbricOrrad rllfthsddMe IFok Biicednbddd@e2¢ach thread
. Fig. 2 illustrates at | east one CWVP enbodi nent, where
unit K4ap a dggical pregspser hayiag s own next-instruction pointer and fetch logic,

although the same processor core executes all thread instructions. (The terms “thread
unit” and “sequencer” may be used interchangeably herein). For such embodiment, the
logical processor 104 maintains its own version of the architecture state, although

execution resources of the single processor core are shared among all threads.

[00034]  For such alternative embodiment, the spawnee thread is executed in a single-
core simultaneous multithreading system that supports speculative multithreading. For

such embodiment, the spawnee thread is executed by a second SMT logical processor
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units 104 is a processor core, with the nultiple cores

104a-104n residing in a single chip package 103. Each
w@or0g/00340 may be either a single-threaded or PCT/US2006/024727

mul ti-threaded processor. For at |east one enbodi nent,

a CW° core (such as, e.g., 104a) separate fromthe

core e t] ( :
i . BORISB AR B Bngbpi, vt
spawheethteadieexaktited batahvtheesiMadogesitprodeksor fsiwbessog., 20G). One

..y be a singl ecor rocessor, that supports_ concur.rent
skillgh i the a4 @%lam%agmrz%ﬁla&b@ ﬁl‘aé%ea?%ﬁ?qutlggéw%PW&gﬂ Fussed

hereif Yy (R @120 'hPﬂlX RLPEES IR %ﬁb}f&d&ﬁ InbRAMWEMT, CMP

next-instruction pointer an etch logi ¢, although the
multslaesdipg ocethemnultipresessoe owltbreadlings drrassidthen nows midtigreading

(?TP‘e terns "thread unit" and "sequencer" may be used
aPPIP4iter changeabl y herein). For such enbodi nent, the

1000388 (e ihe OB PO RS HreseeRs o B ASPUSE PEBi Tgfer 1 only
a sin%lfl% ?%%@9&?36%@%?%’@% 1089 ft%hg{lg nSBY RuAEPHEt fkldisclosures herein

or such ternati ve enbodi ment, t he
are lisptedne singlerthed ded prexessoise The technignenydiensses herein may be

i mul t [tith di L hat 1
emplGtbiai 9 UL URIEPL R OHEr ROl g te BB Rl hreeded
proc&RGIEE ihhrs bisip ¥Q&Gt egs by a second SMT | ogi cal

processor (such as, "e.g., 104a) on the sane physica

[000?:&? C e Qbrdmrely 38 é?ﬁlﬁt@é’t%ﬁt B Bﬁ‘gﬁ‘:lgssoi“@(i)d frchldgs BRAYRbre

ead 1S exetut y another S ogi cal processor
threafisméth 16ds — €045, , Fak@amoseriadisipdiog dhd murhles ofithread wdits is

ERETT N A e
unitsAP BERAG by R EddUed SndPMiipsdsMPFIRUDE Thby i§,§?%.@ilﬂ1@tr%§1ﬁfz 2. For

mul tiprocessor nultithreading, or any er known ,
simphigity pf dis@msiong GNIT onkddimpridoditusyed indurther defgil herein. That is,

odi of ,processpor. 20 |.SC r el t
cachgfiRa WL Rl oR FERERRBI P DR RO TR AR Fog
Penthi@i® Fendssi@PRH, Phatuni®dl, Pesla®UlleBelitne® 4, addlthiinin®ethd

to single-threaded processors. The techni ques
Ttanigm@: SEQGPIISPBPYS. Migh partiahiifting shoyld ngh powrrershaiokey to be
Hmﬁh§g|Uding those that include nmultiple nulti-threaded
Ocessor cores in a single chip package 103. [00036]

P
or di,ngl Fi g. illustr t hat .t he. proc r.1200
0075 b il a sk 2 e Mg il 3 FRfgloa
provil'RRSIBSeMbntilsSA Y§SHoRNof shbilaehentivieddinge q8actnistdiscissed in
referred to as "N.™ The optional nature of thread

furthgniletail belaw) n Whilsewssaigrspesific suplRmeniabars Qfifnel foagures are
discEAPRRE Y A BEuhdnGSo R B Slch iRPEhehfieibh detafls artBRbvided for
purposes of example only and should not be taken to be limiting.

[00038]  First, the processor 200 provides some way to demarcate the beginning and
end of a set of instructions (referred to interchangeably herein as an “atomic block” or

“transactional block™ ) that includes a memory operation for shared data.

[00039]  Second, the processor 200 includes hardware that monitors load (memory

read) addresses in order to detect contention among cooperative threads.
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sinmplicity of discussion, a CVWP enbodinent is
di scussed in further detail herein. That is, each

wo boogacksemit 104 may be representative of 32- bPCT/HSIW©024727
64-bit processors such as Pentiun(r), Pentium(r) Pro,

Pentium(r) 11, Pentiun(r) I1l, Pentiun(r) 4, and
ni [
0G089 e A ORE P SRR BB e tor

(mempryi wiiteyopgrado87] The enmbodi ment of a pr ocessor 200
illustrated in Fig. 2 is designed to provide certain
[00&Hiranthowsthj the pumessot 260 issqesipubdito pegforul alwrhi&ru@adﬂem lf memory

ussed in further detail bel qw).
from (i Fldre, S SO e o SUORE SUHPRAF Weatoraie dlock).
q bel ow, it should be understood that such
[00‘}4%2 rsFéPﬁ s fherPrereassqr| 290 as desiamngd taidigcard thepnepeetpdetes of the
storFBRE AT R A SREH EnlbBo G (SRS 5ind Satyohgh hegtomie
blocld eSeahcgeneral bapabiigies) mrerpgo‘éideid ek 1edst ans@hib&diment of the processor
i nstructions (referred to interchangeably herein as an
200... atom c bl ock” or "transactional block"” ) that
| udes a nmenory operation for shared data. [00039]

lﬂo‘géélcz ondRegplingihg demarsationof anatpmireiosia r‘tlmerpeess@ra?too may
provgie @h&l%u?gbﬂ ol PBFRGYral £3Herd dﬁ({reﬁ ?e% c;n% gwborei

t ect ntention anong cooperative PSS
progifimme, mztyhmdmatedh&mea&%wnfwhstd&ﬁoﬂ & Wf@n(a@omﬁ:t&dirﬂc by
to.byffer store wite) operations,
Seﬂlft&’dﬁétmgfﬁ%ﬁﬁer e lflﬁslca%ee@sﬁtsééonseX@@@ﬂeg A8 fatogiic” indicator

t o
ey BEPLACTIBUATHEL YPURLRE, G PIBRN AR MBS B A e
loadawmeanrrmum)s [00042] Finally, the processor 200 is
designed to discard the nenory updates of the store
[000d4d] f eFonatdets os¢ gihat erabddimknk; en irstroatvinedt sPpoitsd by the

d d ecutiqn of the ataom ¢ bl ock. Such
Pfoc“;jé‘?rgbilﬁnacya%éfb‘ﬁ? PRl shuteppu) idgmarcgjominsirugiians ogat is, the

mstrtﬁ:’ﬂf@ﬁ détBPthe Prodeb&r 90@ 2sig<flugfg@ “b%ﬂpﬁéﬁﬂmﬁ? gg@gthtapl%ay

demarcation of an atom e processor
be plpﬁed\hydbe proghemsppasithe begimnyg of the atoana blackn Sﬁnﬂarl}Fﬁlie at
enbod a o i ndi cate that a
instrfof8R Serd 06 BRSeenlE P e P Ih e & siog mom o testpichh that
may byplaedd bythe paddrhmephfid tﬁ@labﬂnhhﬁ:tlbﬂ OF IHeGhd AR lﬁg&p 4Rr at

itsel f. For exanple, an "atom c" indicator part

least gpe eRbodiment asin @tpm@re mayrberryd bernampukaw ae«zbﬁlnyol gegister to

perfoprﬂrblbrhctlﬁle aﬁeéfﬁ %‘[on)%o{ and feopln(l)(%lqtor 1n§ttr|90rtleonls nlgltxrrtlgje%tdlls%ﬂssmon for

at least one embodiment of such instruction and control register are set forth below in

connection with Fig, 7.

[00045]  Asis stated above, an embodiment of a processor 200 that supports
speculative multithreading and transactional execution may provide hardware-based
monitoring of load (memory read) addresses in order to detect contention among
cooperative threads. Fig. 2 illustrates that each thread unit 104 may include a table 106 to
store one or more addresses to be monitored for external updates. Such table 106 may be

referred to as an address monitor table (“AMT”). The logical concept of the AMT 106
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[ 00044] For at |east one other enbodi ment, an
i nstruction set supported by the processor 200 may
w0 p@i7essexpl icit architectural demarcati on  PCT/US2006/024727

instructions. That is, the instruction set for the
processor 200 may include a "begin nonitor"
' ' t.h ! 8 t

may bR opiEcrl ueBhe Y bR 6P 1Y bl LB ePRARIAIPhed o be

implémgitediad 4 8RcieRthakdwart eblpstacagsor 200 may al so incl ude
a "stop nonitor"” instruction that may be placed by the

[00036P 9" amEeX VAl 0By Ies dsREdl bbdbmbs, W6 id Pite@hbdvieethatpetdntial
bl ock. For at | east one enbodi nent, a sin

e
dependrncies and/onshragd dasa cerdention within piy pignuc laloesg titaydie ambiguous. If

regi ster erfor [T [ [ . y .
o RO PGP O P 08 o
atom@dTsloeiTtdleih grerdcucibn 80the atdisic blkeki e padgtamaiet wolld presumably

regi ster are set forth below in connection with Fig
not hpye friggda sgad Ae jogadqmdus e A98GUTenA AR GEHEORYi Teathergyorgs, 1 the
h i i t-h i
pos B 5310800 A SHRAREL BBEH, A ML L Basglopn o
attennming pamnlleliyzedhe takedn (hiemanyerrvead] netdcive besasmade; dhelendetveould

etect contention anong cqooperative threads.. Fig. .2
haveihep Bk & st B FoTT B @ﬂﬁc¥lfaﬁsq%ﬁ9ﬂf%r traiginally

writttRPTRe ARPT 106 &S Sy Yetiseful IR AYRHLSRISGRchIAIOS.
nonitored for external updates. Such table 106 may be

ern : . | . " " . T
oo o, AR A Aol e o ipe
tabledifRi ta @dffEomembey tidateadhat may tEGerorhediats, ifi#de detarmiinyd that
eed tq be inpplenmented as a discrete_hardware tab
the tlepg perdhraing Heompicy Has AREiEERS CHalFdp SUgs bl 5Py B referred
to as%}?]ﬁ a!t&g§t Led v uthe (P fNI®l enfiRBERGRNELRSe 2MTAI06 and
share ta contention within an atom c bl ock nay be
AUTaMS mapbe sharéd arthenglogigabpnoesssoradwitin dikfererti gortame oh the tables

‘. th I \ it din the.

veing SR A otk el S bbb e A0 SESpURR b gh e

perfériRd I%ﬁﬁ% ARNERMIYVBLCE. BLESAMTREIH aRelds hkegt sth@dhieady @dtve the
the | ocafion during concurrent execution. |In other

interypsdigée state of e gemigrdedker had known that the
contenti on/ dependency existed in the original program
[000:48] at tWhpt ittiofipdlyadete iz winher odeof the atonsic htaskdas been able

woyl d not have,been made;. the code woul d have .heen
to cofalee e Gapip] VEREL e rfRrgs & Torlip PRl B dther thread,
then SRAMERAbHAPdtes DEffeFeldh ARl AYTWOB thi8be peRRrAbA atb@cdlRUL,

may be useful in identifying m sspecul ations. [00047]

however el frenssatiorrfagfs (thay is, if heragerais tlorktis sadte topasep]etggxecution

04 cal NGl 0
LA M
the Wefepsdripdes bftaiot performed. In this manner, already-performed memory writes

need not be unrolled responsive to a determination that a misspeculation has occurred.

[00049] At least one embodiment of the processor 200 illustrated in Fig. 2 provides a
precise architected state at the boundary (such as retirement) of every instruction in an
atomic block in the following manner. Certain user-controllable state in the processor 200
may be set to indicate that a transaction failure should not occur if a trap or exception
occurs during execution of the instructions of an atomic block. Instead, the contents of the

AMT 106 and AUT 108 are preserved while the exception/trap is handled. After such

10
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the thread perform ng the updates was not
m sspecul ated. Such table 108 nay be referred to as an
wa@etomoesspdat e table ("AUT"). (For an SMI' enmboRKCTES1006/624727
single AMI 106 and AUT 108 may be shared anong | ogica
processors, with different portions of the tables
hancf?ﬁg,n&e@ﬁth&f:ﬁttﬁga&)ﬁli@%@k LRYIERlnder 95 RIS a)mer:rg‘gre'c‘gg state is
108 may buffer nmenmory witeées pertforne uring an
mairdggioed g0 thhbeiccutBucdt thppooricbloak viag be meskined afiehie trap or
. tFreaqf g%ilize the internediate state of the atom c
XCCBHRLR. aP 648] Wien it is finally determ ned whet her
not , the atom ¢ bl ock s been able to_conplete o
(000303 0 AhPUER BELARTY, H?é%r J3in) 198 e tlesizated agdiscrete blocks in Fig.
2, slRR MR isWhdAt RNADES b 11700 .
° updat es 1bulfsf eraed in tﬁ}re A&&?%l%@?@hﬁe?ﬁ% %tds fructures
Althauginduchltabjes 106, 10bmey be archhiecttnabin ssltdity thefraspbsifi¢ bhgahization
i.s,.1f the atomic blaqck .is unable to conplete .
and Biysical siCRe q BoLTi R PO DGR Sk e SRL gt physica

implé@BLALSNSRIA AdtDR tARE tAWE AR Y Pearb B &dciiidot he
buffered updates are not perforned.” In this nanner,

orgapizpigerd yoenerdlly; thednfesmation off the M 66 ambA Ul (fmay bed

; sive.to a deternm natjon that .a miss latio
maifFRRENY Pice PGt S Bhlenle Ot SBLST RERe B B o
colleption e8iey oAy bd dxuedsiont eslother exi@lingdhalivent d@sctaePl €Ci se

architected state at the boundary (such as retirenent)

[000’-5‘1|] eV atepaldisd HGE %&tiﬁ@m%e@bpm@eﬁ%ﬁﬁig th8 ANI® 106 and AUT
fol | ow ng@mﬂnner. rtain user-controllable state in
108, tthretapled 4 06,5108 nzyObengepetadly smplemsnieddin oa¢ er mheet physical storage

nsactipn.failure shoul.d.not occ 1f.a or .
arealy] BOSRRE RBich ikl e RuEonBriidhe lahisd 1hee Rsbicsssariy
restriets th8 nainbel of ildtakkond Mef @A Ge shétRsFOIN} Schtcfas b itnviion.

106 and AUT 108 are preserved while the exception/trap

Accqrdinghis Qe ar mAFe BpmeTchbEh 4 Pagksteseeifmahbopsedrie extend the
size g{ﬁ@bﬁﬁh%ﬁn@m fadue. In this manner, a precise

ate I's mai ntal hed so that execution of the atomc

ck v, be resumed after the trap or. exception .S
rood320 K 2B G s Bk et iR L A R oy be
coupldd tdh@h&E 189, SheeepErtivh @€ K2 rhémdryd 50 ZnaySthtcltilized by

illustration is neant to convely that such tables are

softwasgfempinainp beskstare 460 frtthe YT M trsiigyrihe AL 1Gh| Saftware
may 0801 %Bﬁhrggf (Rf%rt?cgvs Qﬁttngg IgHﬁﬁh& Yab?e{é H|OF e tottﬁ'ee bdckstore 160.
C physical 's I's a

speci gani zat1on an ructure

ter, of . desi gn choi.ce d ct nner of
(00033 &5F = K ahe seupn GenE R P, Sy PRRBRepgntd os o
struchir8tHa ¢ pa@aliho PWall baHtR Sithildrli the KUT 08 bt 8Mented as a
Generally, the information of the AMI 106 and AUT 108

struciyg theé 1sgiaich inegforabudiey. One pegseblaeeniigursiondebsishembodiment
is illﬁs@ﬁteld%iﬁg?'g, "tabl es" 106, 108 nmy be a

[00054] Fig. 8 is a block diagram illustrating in further detail at least one
embodiment of a processor 1004 that includes an AMT 106 and AUT 108 as well as
including load request buffers 440 and store request buffers 450. One or more of the AMT
106, AUT 108, store request buffers 440 and/or load request buffers 450 may be part of a
memory ordering buffer (MOB) 223. The processor 1004 may also include a decoder

1022, to receive and decode instructions of an instruction set. The decoder 1022 may be
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collection of bits or may be extensions to other

exi sting hardware structures. [00051] Regarding of the
WG p@ciod2560 manner of inplenenting the AMI 106 aPdI/BEED06/024727

108, the tables 106, 108 may be generally inpl enented

in one or nore physical storage area(s) as a finite
oD L R ! Yo 1o (ARG G (1% BBy the
decodast(2Zoniyoinsludh ane oamotreinstuctioss fouper fprimxbe opezaticas dascribed

transacti.on. . rdingly, one or nore nenory tables in
beloglﬂﬁ%etcbf’%wi@gf%@ibe used to extend the size of the

00% 12‘15 agg or AUT 108. [00052] Fig. 2 illustrates
[00030Ac  dtiey RHRPIYRR? BiASEEPHEN that impleninbreaaibbloslipe faghe
menﬁ?&;ym%%ltgxg (anaéyc%%m&ylﬁgs s\%tﬁ?wf?ll SorRQfhés rgfente:aﬁo Ialerein by

e utili'zed by software to nmainta
the shatkanddemnin@logy Scachy eysiddl”) 1 (e ancheaysteinanéudes::MI.0 cache 460

S | il]i f fl ' f
and FLY YR 410 BB 163t odF bmbo et 113 crhe 46 0otsbE] caebe Tho
are dhtdit @adHes.OMRe SIvRQAbIEINY. mdy ' AsdW¥irickQ@latiBYorR® main memory 102.

i mpl emented as a structure that is parallel to a | oad
The pigfis @emos H2, &4 lopchet 416, AdrLa o8 haep0 begeihep fanenethoas a

. re that is parallel to a store buffer. One
h1era%%ﬂ§é‘|fztol5‘e configuration for such enbodi nent is

LIl ustrated in Fig. 00054] Fig. 8 is a.bl
100456k R can iy ien RO ER b B et el B tate of
outstﬁg%lﬁg 8HRINind Qfor@irRirAG RS %ronil@igﬁz}t{t}ht%t coirrlﬁ)%tib%? FoRBt ]@MI one

)6 and AUT 108 as well as including l'oad reques
emberifrfeat; shig gotedniproaidorefor sipueistriniions ney 450uai@amed in storee
106.. AUT .108, store.request .buffers 440 . .
requft b s 607 B S e i e ihcaned i
load mEpRstbubleelerdong buf fer (MOB) 223. The processor 1004
may al so include a decoder 1022, to receive and decode

[000575 1 I UGk hPREst @he @MbbMaidnt ¢abBig 98 load NErudEGRAGLy demally be

may becapabl e of receiving and decodi ng i nstructions;
handﬂeh%wa HetAMdt 10$nwhich they bevtdiied alopgtvwith led ouest b0 RRrsivl)
duriﬂ %Anggc%oonlee ar ore instructions to performthe

(gper i 'ong G&€t ™ ed bel ow in connection with Table 1.

05 Fig. .8 illustrates a processor 1004 that.

004D o o b %4t ok s1b A b i froftprabeySkatine sivee
instrG@oRge nnﬁgmértﬂaiﬁﬂdﬁéﬁffﬁ 80t NebhiesP ORRRLr ﬁ?@fd?%oﬁﬁfﬂ%’&ég%‘pgl @r,

her ei y the shorthand térm nol ogy "cache sy

insteFthanayaleshoaisjesnesiinthe AUTeH)8ahirin@dmobeetids0 eacmitian. LI
cache 410. For at | east one enbodi nent, the LO cache
[00059D ardg 1S illostcdtes thdiCeaal etocnbudiee camyg HEG — 50N map dedhsiera

contro? Sortinn 518! AnbSen logiaity Sdcinied With dhoh Btne AP Y isirlad in Fig, 8,
one skilled in the art will recognize that the control portion 515 and the data portion 480 of
a store request buffer entry 450a-450n need not necessarily physically reside in contiguous
storage areas of a storage device, nor even reside in the same storage device. For instance,
Fig. 8 illustrates that the control portion 515 of the store buffers 450 may be included in

the MOB 223 while the data portion 480 may reside in an on-die cache 410.

[00060]  For at least one embodiment, the MOB 223 includes control logic 475.
Control logic 475 includes selection logic 236 to determine whether store data should be

buffered in store request buffers 450 or in the AUT 108. For at least one embodiment, the

12
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The main nmenory 102, LI cache 410, and LO cache 460
together forma nmenory hierarchy 240. [00056] The
woreewong2s60 der buffer ("MOB") 223 nay tenpor ar i PgT/s10d6/024727
the state of outstanding | oad and store instructions
fromdispatch to conpletion. For at |east one
sele@BRAOLREAE mdytifecPhal e?stbféfsﬂﬁﬁﬁgtﬂe‘?@cofr@éd iﬁto(ﬁ!fone of the store
instructions may be maintained i n store redquest
requigstftfusiers 49mr Al AUAT H)8s tRikisj ddtenmivationroffvdrerd wdobld store data

I NSt ruct b iptained.in |l.o request buffers
may S EG8Y5- JEEronstatCBn e sE ioha? pen e R e o hen
atormi©agedutlsi isifdh beig peERYmRL bisRAdthtY nhE Heandlrd M itk &b rectluest

AMI 106, which may be utilized along with | oad reques

buffergply Sowegerd dwitngpatomimeseution e seleeton logiv 2360085 Bitead cause
theﬁa%s@eﬂg%%%f fk%iﬁ@f?é’ﬁbﬁrb%' the state information for
andi ng ructil

out's store inst ons may be maintained in
rete st. buffers. 45 or _.normal .0 ation o .
100R3; ¢ 5 50 R o dhe TP SR AR 26B Cchind fgielermine
whetheahs asdnh @ aldR¥efor ldaAlatd, ARRRHas Bk refd HohHSEMBEE Should be
that each store buffer entry 450a - 450n nmay i ncl'ude a

entexegiptodhe HHFT Lom Such. enytohayulestmidsyduring gfcoasﬁcscxacaui@F lalong with
e L EREOR P AR b T B e e Bedind sn B st

is, detegnihittoroetwh st td BTon#S8Oload a@irsdsed B the AWEB 106wk ¥k a selective
entry %E a- 450n need not neqessanllékphy5|cally reside
Opertip, Sty 'gﬁd%}%mgqr@ga@ﬁer&re@é ippdditien Wrrpgmabloed squesthuffer 440
oper8Y&N reside in the same storage device. For instance,
Ig. 8 illustrates that the control portion 515 of the

F
re ffers. .45 be .i d.in the 223. whi |.e
r00eE" & "8 OF i TR AT B e s it Eirendie or
code4lidt. wdudd OfiRtwike©be hirdlte paralienR RERRE biMBRbigubiedd¥BeRddencies
i ncludes control |ogic 475. Control logic 475 includes

or dataripention. (Ihgeuehsheusepfdes logierhaddigse mmmitos tableel A9cand the

. [ 4 r ol
i T L T
depehdegices 28 6omrenyticah, mhixth dppedr amtsgiue befoetib:dchigor, @@@friﬁ@&d exist

in onl ne of the store request buffers 450 or the
betwehrihiegs diing Crecutiory AF feARLITSH BV aukis '80les 10o11g3 dhusrsgpport

Aty SYad@ndfory 84D Wb BofFindRELAhL BFstort Grehflr§ Gritd)
monI ogri?gc 23% Gr%rnay irr}{di czzlt g t E%t , nV\/nen at %mp%:ore;@}:ut |rgn [ @
opergfisms yesnegtipady f or med, store state may be buffered in

the store request buffers 450. However, during atomc

[00062F cuthiigr3, is ki vs dhgain blastrnmigclaR3mdroaytrolNBdve &t o8 ddasteone
ff d in the AUT 108.

emb0t£11eqer?tto aemest gc& § 06 Por kl))gr orl%ning rsl(oeeculative multithreading with transactional
execution support using the AMT 106 and AUT 108. Generally, the method 300 executes
instructions of an atomic block but buffers updates to memory. Also, the method 300
generally provides for monitoring memory addresses that are read during execution of the
atomic block, in order to determine if another thread attempts to perform a write to the
same address. If so, there is contention for that memory address during the execution of
the atomic block, and transactional execution of the block fails due to the contention for

the memory address.

[00064]  Fig. 3 illustrates that the method 300 begins at block 302. It is assumed that

the method 300 is performed on a block that has been demarcated as a transactional block.
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[ 00061] For at |east one enbodi nent, the selection

logic 236 is also to determ ne whether the nenory
w@darmeexssd or | oad data, which has been read frpoT/US2006/024727

menory, should be entered into the AMI 106. Such entry

may be nade, duri ng atom c execution, along with the

eration ullin I t t.o .th
Asi is, IB%{'E%PS‘%E% \/A ﬁbsfﬁhgﬂ'eg 5 &Efurr%ﬁra{ernq 1dasf %e?n?n@orﬁlp{e% r?Hatfa Hegin
monitéie ikk@fictich hRetRExdcard paidel fcﬁlscfgﬁﬁumgwthte hleetmrsma:mych
be a sel ective operation, such that nonitoring

embqsmprss HesialomassUmee o cResuHoR fhd “StRRBAORKRfU Fagirugtipy gl cause
the d%@@?ﬁ&@&é $0ck 112988201010 Y$s¥a Ollﬁe!‘e AMI 106 and AUT

ows specu ative nultithreadi ng of code that

| d hervv| hard.to
[0003)%@i g Ba a&lgfa gﬁggcr%lolé g%gr éi éte&% ?%?@Hg%a&r load and
store TAStR1¢EN WiBirihe aﬂfrmb Beck edilcapreaid d(fp'rbsae fleld] brosthérabl e
106 and the | ogical address update table 108, the

individustisedindicatyy thaﬁﬂledéﬁté@tlotl filo Dot arrpeduRstRark 9 am ageppig block.
For sgla? gﬁggfﬁfﬂeﬁ?‘ inch ?,P%R)%ﬁﬁ&l% 08l 8 Séﬂ ad B‘PL > eagz the use of

executl exi st tvveen
brokéiuhnemg agx perfidrived .to AstemSme MIeﬂierlﬂxé iadtimedon tshartteflahagomic
106, 108 thus support nonitoring of |oad (nmenory read)
bloc}éperatl ons and buffering of store (nenory vvrlte)

Qﬁer ations, respectively. [00063]. Fi 3is
[00066hgr deiasmsqdrtE@t» aplepet %ﬁ@@@éﬂf@g the @whpéﬁogﬂs S performed
o TR R 20 s Ao s

106 axiemuAUTN 08 aedrib. 2)3 IA[b@o:tdIit%lﬁMl’wi]lDﬁe anidrshddd WyOéhe of sk111 in the

Generally, the ne d 300 executes instructi s of
art that Hhejdetepigakiop of a F@%%lna%%weés ﬂé%@rtg)mwgl? Qe 1s¢

1nd1cﬁ§5 Do g@pmﬁﬁﬁﬁf it e¥ ﬁéiﬁ&rfngrno%ﬂ' &REUHE JTRE®ddMmarcated

ress at "are r uri ng xecution of the atomc
instrivdtmak shaudd be tefifered 1rdéb dﬂmané that theradtitess for lanye aggmory reads

pert e d G Ml SKEBHPT Oh BT RO Ry B GLLo sl ifped i

the AN ®pecution of the atorri c bl ock, and transacti onal
execution of the block fails due to the contention for

[00(%% m 111%8%&%52%&% Enggfetiﬂl% g‘i&fo%ebll’lt dff&sfftgésgﬁﬁﬁe@@bck

accotdmg toethb o180 (0sshpenf otrap d:xoerptian ok ontécruptanaytmsalkeme Af such

rcated, as a.transacti onal ck ment i 0
evenatf&e i precisg aiisppbR 8 cug unt g T el Sohs B Contents of
Aﬂofq%6%etAUiﬂ Maybe 1ﬁﬁﬁtaﬂle€{‘2ﬁhhg khe Ha'ﬂﬁhﬁg;&ttlh@n has been
executed prior to beginning the nethod 300. For such

exceetmdmt@rsmt/trap Eevers. §usloe\ea®§1§rr@@tr@atad asex eqngitiarthaf cagyses a
fallure. I%Qtegg) réxéc%tuon 0? tshe a (g:ntafcoorl]oé'l\(" accor: 1ng 455 the method 300 illustrated in

Fig. 3 may be resumed when after handling of the event. Fig. 3 illustrates at block 390

that such an event is not a failure condition for at least one embodiment of the method
300.

[00068]  Fig. 3 illustrates that processing for the method 300 proceeds from block 302
to block 304. At block 304, the next instruction of a thread is fetched and decoded.
Processing then proceeds to block 306. At block 306, it is determined whether the

instruction fetched and decoded at bock 304 is a memory read instruction (such as, for
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the determ nation at block 314 to evaluate to a fal se

val ue. [00065] Alternatively, the demarcation may be
walewaexsshy mar ki ng each | oad and store instruRCT/U82006/024727

within the atomic block with a prefix, opcode field,

or other individualized indicator that the instruction

e o B B brde Bl & B bR 308
Othefwimeiqirectssing pptceadsab bloek3he. use of broken lines), are
performed to determ ne whether the instruction is part
[00089] an GtiRARICHIBEIOBIS ddt&H B |wiHether $hetinstungtidn idygdrt of ratahic
| east one enbodi nent, the nmethod 300 is performed by a
blocle. hFesmaries of sycbrletrimination anayedifier aciesg vatioys igiplemenggtiogs. For
on iniE5ER R Poch HE) 46558 A et MBn i theRnbl v ikt ion
itselfS kit ihsteand dseea dbdgin hmhitbendetcéomisnelt detarnahatidrel(ereedmot be
instruction is part .of an atom c_hlock is also .an. o 2
perfqringfl 3 g Memory B3 RRAGHIN vhoriead 1his PF%‘PFF@&L%& Pfips monitor
instrﬁlﬁfoﬁ‘ﬂa? BERLHLRB] Biof 3% eSRARLCREAHion b HHAGEMOAS 06 BOBIbEk 302
be buffered in the 108 and that the address for any
and thetrtbe yetlwadd)0ie awanerof thisl duiimgexeontion. It et lenstome gmbpgignent,
demarcated instructions should be mantained in th
for 3B EoRoh (HODBY oMY, PRI AAdb L e 4 oy s
trans@sHidn@GnBYEeBiste? 1 TER t)BscabRATbEIoR, dXds sasiE&hBoditheh, prdlessing
met hod 300 shown, a trap, exception or interru

procggsls figreblock 806 tactpnaee pAs apd Regs nop p@cf@@éolﬁi@ﬁfélé@k g@ﬁ- The
b . [ d ’” I- L . . . .
proofp e ot w LA ac  uBhiEG 3Ry R EORRRNGn win

Fig. handl i ng of the exception/interrupt/trap event. Such
event is not treated as a condition that causes a

[00078] | Urblbdks3 @R is 84EEMhéPRh&herl thE idtrOfiich RIBEK and decoded at
according to the nethod 300 illustrated in Fig. 3 nay

bockiz@4ries mestpryinaite afstruetidnagenhi asglosexahpleey gate ingtrygtion). "If so,
iLlustra bl gck . .

then pLocl AT GRerth bl 26K, SRR o E Rl BrpBldsdo ook

311.net hod 300. [00068] Fig. 3 illustrates that processing
for the nmethod 300 proceeds from bl ock 302 to bl ock

[000%4F- ASptnackodO%12 ddi@nifestwihalisdraUfdrh6ry wite@ndthicBaslisigart of

fetched and decoded. Processing then proceeds to bl ock
an atggéc black bAgeik, theenanner ¢fssude determinatéonmay Rifer peress various

.l NSEruct | .et che nd. g . af '
impIBE S B Lo AR PBE ARG pREbe iR abBefocy
inforniyibh e tHeQgmoryfwiite indtieioP it b6t inget wee @ dbedin monitor”

. optional bl ock 308. .
instruction, such determination 312 need not be performed for each memory write
instruction. Instead, as is explained above, it is assumed that a “being monitor” instruction
has been executed prior to beginning execution of the method 300. Again, such
information may be stored in a control register. For such embodiments, processing
proceeds from block 310 to connector “B”, and does not perform optional block 312. The
processing associated with connector “B” is described in further detail in connection with

Fig. 5.

[00072] If the current instruction that has been fetched at block 304 is neither a
memory read instruction nor a memory write instruction, processing falls through to block

311. The instruction is executed at block 311. Processing then proceeds to block 314.
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O herwi se, processing proceeds to block 310. [00069]
Optional bl ock 308 determ nes whether the instruction

w0 g00p@e2550f an atomi ¢ bl ock. The manner of sucPCT/US2006/024727
determination may differ across various
I mpl ementations. For an inplenentation that does not

[006’75@90' B4l ?311{‘& e%[aﬁné’&‘fo& BB nfé%nfé"t%tnd’é{hzéﬁ “b0pth it oP and

el f, uses a
“stop nmhrtmé’tlnﬂmotlsmcl“ioxdmbb embndltneﬂts Be&lcteemthation abldock 314

erforned f.or each nmepory read i structlon I nst ead,
evalfigicy 0 TS ibpo (HaR mgm’fﬁre.lﬁ%%mﬁ beep RRTPHITDN has

been executed prior to begwnnlng execution of th

1000 hodBleelo3 1t istlsoarerfoomed Fy cpbaflimanss that Wty@@2¢ 3 “begin
monﬁﬁg’ c%rr%frcaiﬁgh ?rgﬁﬂgﬂi%}gn%rﬁ%ﬁ&ghéggﬁ as?@crlat@% lafaoﬁﬁé bfb%ﬁ indicator with

I ment ormati on ma
individaai tadnmey instruati@sn oo lsudh@mlﬁidﬁnentg Uﬂ@d’]dﬁi&‘n’[lﬂ:ﬁlon at block 314

transaction con egi ster di scus ow.
detelﬁ%lpe%wﬁﬁh%rnseam %fﬁ?% rr%sna%% W@toﬁ ha%'éeéasre@s& E%aé keast one
emb&ﬂﬁlehp HIEORARMEREn m’ﬁwato@% 9Re% 1Hé%fucg§ﬁ fof? %B&&f&tﬁlfgrgf‘ refix for

’308. The processi ng assoc:| ated with” connecto
an lrlsmictl(m, thes mdidatecthatrthé bufféred updstes in thenAtidisexct 08 Higr2) should

be e P PR g HoscBTIouT e DR R BHER 508 S1

evaliEREDOYti0ET fehd REhindGéh Rlidafd®Bs ASt beb@En@¥ARRIE, @
store instruction). If so, then processing proceeds to

io iBn i
00g} b B e 5, e et

detemnaaﬁlmr atdolqurﬁdrlypvmlruattee ta ‘fiater’ UOthawisespipagssingfmaynend at block

bl f h det i nation
318 thlg}g]}ﬂf%?tf(g}% X(PFCI:? é&’at?lf’g%% %Iecrarrgnt Z;Jicon gn‘gcr)gni ?r:nlts

| e |on t hat . does not enhed such
10070 o H&HTEGREP S cheilb vt Rk g frangeqtion failure
1nter9}6{§t thOsloBRd bibRR ﬁa@suc@%g lyrEBHipié?é'd eie@ﬁ&rﬂf‘&fth&ﬁ conteftion.

termnation 312 nee erforned for each
Accordmglyy tlwmcmoryrmdlatms thad havd besh éaﬁﬁredslurmg exgutibmefithe atomic

R R Y ST R R ———

fronBtk€ AT 008 &k thiteoxRhied t@@l@moﬁgﬁtbﬂucaﬂzc hé efl@fegefthemUT 108
may be stored in a control register or such

may dkrnduti deareds | Ther ai@@gsupd@teﬁh@t@@em@tsfth@ enthiepekthg AAJT 308 to

r Qes ,not rform.o
men RO 3 pa B pert g o B S R BB HIARRR 2t Hor gnampte
by tides6gia@etr iaftelf e td3emsatedtivnl ofithe SOMNESIHEION AM é)ﬁnﬁil@- 5.
embodiment of such instruction, a speculative execution commit instruction, is discussed

in greater detail below in connection with Table 1.

[00077]  For at least one embodiment, other actions may also be performed at block
316. For example, actions may be taken to disable, now that the atomic block has
completed execution, updating of the AMT 106 for subsequent memory reads. Buffering
of subsequent memory writes in the AUT table 108 may also be disabled at block 316.
Processing for the method 300 then ends at block 318.

[00078]  Fig. 4 is a block diagram illustrating at least one embodiment of processing
“A” that is performed if the determination at block 306 (and optional block 308, when
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[00072] If the current instruction that has been
fetched at block 304 is neither a nenory read
WO p®U00ss0 on nor a menory wite instruction, pPODESHDEIOR4727
falls through to block 311. The instruction is
executed at bl ock 311. Processing then proceeds to
apprBhdel) Gt [ PARTHes B0 g
PP P ics Pl it BeRR R FhohREy rpad fpsgrgetion of
an atepné bhmck Fms&uch caseoprocé’ssmgqnocteeémmdﬂoamms At bluek 402, the
. determ patian at.block 314 eval yates to "false" if ng
mstm%t%lﬁs ﬁ%s“rﬁ“i ot g ¢ i Hitingiled Bssioch agieter Gecessing fhen
prock&RQd BlocRBluogk 314 is aI so performed for enbodi nents
that do not utilize a "begin nonitor" demarcation
000793 ¢ I Ut #1608 bich i
[ |7r?3| cat or V\j ?ﬁgi ﬁ:(rltlli’;}vllc P%ﬁg)ﬁgﬁ&&?énsg% ?%c@e{&ltghlgéﬁc@(ré%k %ﬁnor
tables({AMEDHOMi nbgris,,i 1t $lecﬂlm Im‘ceﬂ tlnat the AMT 106 dck Id@ichl construct.

For §RtRlE ah TRk A A eedo L aetip B PO HBLHESLY RLRE AME LI o
1nchid@ ItRd dlb%.lgnﬁféd'n@h&?taﬁﬂreﬁﬁt’heq%o@éﬁsmg SF biek 4o ma?rbe%ﬁ@lgﬁ

bits or prefix fof an instruction, that indicate
differendlyifor didfeeant enpbiedimonisnAs fust pugT exagpie, a@&tus:blgassﬁc)lated with an

- AP 480§ ARG Y E B ROAE B rc  o

be mbhRore@ N fﬁﬁiigIDerl‘d@,d AR @e ARET 10W is RB@Ae & MUK A48 Brocessing
0075] ProceSS|ng | oops back to block 304 in order to

[O
retum@t%lﬂo'%lﬁ% ehdfigi hst r uction if the deternination at

bl ock 314 evaluates to "true." Otherw se, processing
[00088) entig ot islsl bhetk dlagawrillngixatiop i lbasiiony embodiewt bbprocessmg

B” P fbsttotied SR Sherindiibd alBlofR 3 gl B RSt 0S. Vhgn

appr@ﬁrﬁit@)(‘of tHi © Glinidstes tHa e B Thikt EﬂanﬁﬁﬂSﬂbﬁlseéjm@?h%iﬁuﬁhmnstmctlon of
wi t hout contention. Accordingly, the nenory dat es

an atppig blek:eF eyesaiph pagef @pé@smgrpirwe@de&lnqkowoﬁt b k §02rthe

16
men e PRI ShER Bp e TR oSO s an
entrycafithe AT EH1aSorartemtray L@Hﬂlﬁﬂg&ﬁbﬂnyry Thehie Aianhes nendr erikddl
108 gﬁé t hen be J@ear ed. The atom ¢ _update that

perfq{ﬁ’ﬁ% ng paignti¢ plogk gre huteredin thod Ul Genory at bl ock

be perfornmed responsive to an instruction

[000RIT o chann.6he SWEnARas 3 Boeiedh eopstgh annimery e replompaed i
hardﬁfﬁl% %l‘}%ﬂg %I St{' %ﬂ?%g@ﬁcsg 9%91 le gmggé%lr%%t %8r instance, the

AUTéb(IScmay baingslemtiited AS4 pated stors quesle dlASTt@tlﬁh‘éeﬂJ Tnoghieaidated at
(56 ail below.in connection with Table 1. [00077] For
bloclgp03, pregesyingthenBErsesdsie blaskiidf o4Eis 8ns may al so be

&erfor med at bl ock 316. For exanple, actions may be
[00082k en Tihg disicyssipreabone iluskrates tHaé thetuspriod thel AN 19gsind AUT 108,

along with some form of demarcation for atomic blocks, supports hardware thread
speculation. In addition, certain instructions and state may also be integrated into such a
scheme. Together, such elements may allow efficient execution of speculative threads to

enable a broad range of speculative threading models.

[00083]  Fig. 7 is a block diagram illustrating at least one embodiment of a thread unit
904 that includes the logical AMT 106 and AUT 108 tables, as well as certain

transactional execution state 950. In addition, the thread unit 904 may be capable of
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conpl eted execution, updating of the AMI 106 for
subsequent nenory reads. Buffering of subsequent
wWOoreewony2ss i tes in the AUT table 108 rmay al so bBCT/US2006/024727
di sabl ed at bl ock 316. Processing for the nethod 300
then ends at bl ock 318. [00078] Fig. 4 is a block
e A LA bl e 5 DA LR RS EBRRAY T2 i e ok may be
supm)tte&b liroz knaB0kG thapdovdtsi precise ddte akthd GS8undane nBgreh dpetivatier) of the
ofh@ip . 3 indicates that the current instructionis a
ato 8 read instruction of an atom c bl ock. For such

case, ,EroceSS| ng garoceeds to bl ock 402. At bl ock 402
(00984 " n5ie transacsion; st b ilusptedingfiget isaptionalgas deaoted b

T By 5 9 0 5 B

throeghts gesified nachisst atldressh mthdcthaslsemg)matrma‘mdzchzksl lardWwa#dEtaje in the

106. Again, it Idbe hat the AMI 106 is .
exechfgh £AHF Al EpT Hdree! P rabre: oY v dik BRgactom e 30 s
maifhin8€ el of iR hhiwag: @BiskRd.ry of an AMI table to

i nclude the designated nmenory address, the processing

[006¥5 m&bl Qs af'fé%strg?% chboliandl &d 19156{ 6 Wﬁﬂa% th@trafabhi&! &R 950
one exanple, a status bit

J ust
mcl%&dranaﬁcﬂeﬂn\mnthola'aglsnar 2.5l @eﬁéﬂ'edi tclxrbia asdYCRE) todygytrekaction

to i.ndi cat h nenor s in the cache line is
statts Gegioh 4% Gosbat frorriB s Ol | e mMafioR Sopeo ARAigpgonirols
upddt@s i) QIQ@AWF 86 Q{[CP&JGT‘W)‘% TRE RERASHE %48 +aRBer iy HepEK the state

Fig. 5 1s a block dlagram
OfthﬁIAMg"tamthlﬂi"Q aml mag atso indieate trposdictiemfailofe. pr ocessi ng " B"
that is perfornmed if the determ nation at bl ock 310
[00G8ohd Opie tommahctioh@oktr@T2gistah 851 mpp irapudeataeipuobitdihgt, when set,

caush VG oty CERBROTGF e AR T SLAD Thleb 0, 1052 ahe
trandAEQGESHIOYrddi 5B d SndyL RbBL¥haler méhogﬂ F\@qﬁteé Q% blfffé?ed and

menory writé instruction is executed wever,
whethermemonyr retf@emcms arelmomlmnedjfmialependamyecmeplymngarmeampIE the

108 rathe th dat i menory. .l.n this
wansielt P FBE PP ot P s PG o SRR g ollowing
behaRirE-ered in the AUT 108. [00081] Again, the AUT 108 is

a logical construct and may be inplenented in hardware

in vari QUSF[J}’?@]Q 0 kgt | east one exanple
enbodi nment or%tﬁ)sttzfnlf:deg(f the AUT 108 may be

i npl errent as g)ztted re queue. After the AUT 108
IS update %t hafo‘?ﬁhgroces& ng then proceeds to
bl ock 3 14 of Flg [ 00082] The di scussi on above

i |1 ust r At drediapdatnel H6\ME the AMT 106 and AUT 108,

e Direct buffering of memory writes (updates to the AUT)

For at least one embodiment, multiple behaviors may be indicated by a single bit. For
example, a single bit in the transaction control register 951 may denote that both the AUT
and AMT should be reset.

[00087]  For one specific embodiment, the transaction control register 951 (“TCR”)
includes fields that may, depending on the value stored in a field at any given time,
determine the behavior of the AMT and AUT and/or may affect the execution of each

instruction. Of course, other embodiments may utilize more or less bits. For an
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along with sone formof demarcation for atom c bl ocks,
supports hardware thread specul ation. In addition,

W@ enraoasso nstructi ons and state may al so be i nP€QUS10061024727
into such a schene. Together, such elenents nay all ow
efficient execution of speculative threads to enable a

emb%ﬁigé% 6B ?raﬂgﬁfagtzﬁ?&iﬂtt%i ke Ité[r@"s? afll @@1&5‘&2&? tfe ddrP0883kol1ows.

. 7 1s a di agra I"'ustratin east one
Speaafihbidl nwmhers afe providee &t iliwkttati9®gurphses onhcdndosheuldhmt be taken to

| ogic AMI 106. and ,AUT 108 tahl es | 1., as, certain
be lipnfiel diop A bR aRuteb Arlpiae Sisoht s ietib §hoeiSrals
regigtditRads 8Mdrly I0iraFE¥n B8, LRRARHLEASHEXQIEd MR BRIy be

instructions such that transactional execution of an
“resggverii Sush seskrvied Pith snay g pmpleattniad ag write fgnore, iegd zero.

provi des precise state at the boundary of each
[000883t r IKER ResaifBitsh & vat are-loit fields kf the AWRBEF1 kg be write-only bits

t ti t 5Q0.i Ll i Fig. 7 i
o s APERE 00 B SRR BRG0P0 TS
100097 VR SSarc¥ (B RIoh Br YriseIabecon gl ot et BLibRGOMT.
mai nt g peh ;a5 RRLWBLELS hadiGod e tAhﬁT%(a‘éé{jeh Qtﬂ taPtfere are no
930. For at |east one enbodi nent, owever, the

t r ansaelidentres.dile AR ¢learrbitimidsiasedro. N one or nore
har dware regi sters. [00085] For at |east one

odi t, reqj Lo maintain the transactio
100@p0 e S8 etk EEE Bith itrsl L stols lRaEebing ottg AUT. I
(ref ery@distorithd @ithis B poditdon thePhiteded s%p@&ﬁaﬁ&é BBmefAkpiites
register 952 (referred to herein as "TSR"). The
t r ans &¢¢ fliseprdesh The AU B glest i reedhas zst6 updates to the
AMI 106 and AUT 108. The transaction status register

R}, RS54l S 0 S50 TR conce
the bebatioodf inggicive ex&@atidmaythirespectde upddatingube BIM'B of A&IT:

when set, cause various types of behavior related to
the AMI and AUT tables 106, 108. The transaction

control register 951 may control whether nmenor
(000534 SSMET pdte b @R G nesevrels the Hpdaying of rechds Liihe AMT

moni t Qf Qe i@ g%rﬁg{lgg QFM;)CJHQI? hfen@%/ITFi? ﬁg&ﬁf@d%lr %varkgﬁemory

transaction control register may I nclude one or re

bi ts tlocatienotal Weahinsttudtioe. Iif @l ik avd seg(vakieanfi 0m) she AMYT Beaot

reset of the AUT _Force reset of ;Shf AMT D r?ct )

updat aipdpted phen gyt instruction is executed. Software can toggle the state of this
bit to enable mixing monitored and unmonitored memory references. If the
AMT update bit is set and the transaction has failed (see status bits) the AMT

need not be updated.

[00093]  AUT update bit (TRC bit 3): controls the buffering of memory updates at
ring-level 3 (user mode). If the AUT update bit is set (value of ‘1°) then
memory updates done at ring-level 3 by instructions are buffered and not
performed to memory until a transaction commit operation. If the bit is not set
(value of ‘0”) then memory updates by instructions are not buffered and are
directly performed to memory as usual. If the AUT updates bit is set and the
transaction has failed (see status bits) the memory updates done at ring-level

3 need not be buffered and can be simply discarded.
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Direct buffering of nenory wites (updates to the AUT)

For at | east one enbodinent, nmultiple behaviors may be
w0 pai7oexsed by a single bit. For exanple, a sinetEURIIDG6/024727

in the transaction control register 951 nay denote

that both the AUT and AMI shoul d be reset. [00087] For

S | I

000 PRl TR PRk O Enb AL BRMA for one o
mortdeﬁenﬁwlhgvmg\ﬁblde ‘mvlaé defiretion é& TCRa fiel d at any given

time, determ ne the behavior of the AMI and AUT and/ or
[00085) af ABTING hegpex dLLTICR bi1f6) eemibed MShoyGeadiby 1ﬁitruct10ns to see

cour se otherﬁggbodlnents utilize nmore or

bits. RoValRefibaLmERALY @Patt%wﬁlroé‘ﬁ shgekngthe N\{Tr fﬂr Tead-after-

regi st s i dS il
Speci fi C egﬁ;ass rJ%Eder s ar emg%l g@%@%ﬁ&st r é‘?@@s enabled. If
pur posksbibid ot ampbosied in g nmleﬂnentatidxtemen an Iatteﬁlptrtbtsbtrt@e bit

F di ment. £hat inpl ements the bi
oscy | BEHE DR Bhseh TR BpR hek sturorie birty Befehin
| engt hl“rar'%é@'ﬁéﬂ Qtﬁﬁis Ré %'téi‘&h[k%rdé@%f‘er hided op ﬁ{eoéﬁ’h%}%a&%ctlon

"reserved". Such reserved bits may be inplenented as
000Y61 t © AQ*F atd ﬁ%.ﬁﬁé ReR
[ onc'la bi t f| s of ﬁgglgg%ﬁ;l efeeg%v\rl tg}ylﬁidtd&g EHRg “levels
t hat dowemﬂbmﬁﬂ:ﬁtheeé@ﬂ‘ emabjleblltemd thib dit AdTbath dett(hﬂué\bﬂ‘l ) then

[ 00089] AMI cl.ear bit

ot s deahok aDEES oot shuge ey sl evikbp bUere in th AT, Updaes to
Wi tt eRistb ot fihg-18el 3 Bﬁésl'ghbt‘éﬂ (dige @Mﬁclﬁ M%Qﬁ)e@ﬁ%q)ltsrﬁay be
that there are no valid entries. Cl ear

r eads aytpmasically P@@@Q@I} ZQ&QJ'GH ctlheetarrrrsmom f(OTRﬁngrlcvel;S to a lower
Wr ' t e I'ﬂln 1%%61 rgco:l? g eécegl @n/ﬁéﬁ{lﬁt% ﬁrg of Lgsrpﬁ}rug@emented then
sroecul atakteRpiRpditeupdaips| %l@es@lt%a}ﬁ 1B ehekei fi

cl ear ab| t rgad;wgs ezeron%[ 800%% TCR Ugglg%ue Bits. _(IB\I;%
one- bifgilyre djtde bepettim theflrrsgsti t;m@é%agm this ey fareg the

the b n execution with respect to
updat ?%Sﬁrﬁéth%ﬁrﬁ@é%%& 0092] AT update bit (TRC

000 2SR G ROREI ) i D b B Ve

certaifpsi@tie stafed Fel ¢ ky exER Y off arﬁCa%mférbw@@dTHevc@ﬂents of the
instruction, If it is not set (value of '0") the AMI

transpatioatatugiggtsted SRk ewyaﬁdlpﬁg thqrséawwf 4 Gansgefionand may indicate a
trans%f&vﬂﬂlfrec %@r E e, &fl@&arﬁta@tio% s?zI %Ste? 9';52 ;n?a eﬂagde R

m X1 ng nonit unnoni ore ences
moretHits tAHEnmpd&tfellb\r/tnglssatmitataend t he t r ansact i on has
failed (see status bits) the AMI

e  Whether a transaction failure has occurred

e Reason for a transaction failure (if one has occurred). Values for this

field may include overflow, collision, etc.

e AMT state. Values for this field may include full, not full, empty, not
empty, or the like

e AUT state. Values for this field may include full, not full, empty, not
empty, or the like

e Whether a trap has been taken during execution of an atomic block
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need not be updated. [00093] AUT update bit (TRC bit
3): controls the buffering of nmenory updates at
wo pevgodsyel 3 (user node). |f the AUT update bPET/US208€024727
(value of ' 1'") then nenory updates done at ring-|evel
3 by instructions are buffered and not perforned to
menory ynt 0 on. If the
bit is ﬁot‘bvlhe { Fﬁﬁgst#a%%d)c 1{IT%ES&Ct{)(’%erf%f’lri]%l/rleupdat es by
[ooosmt r Ll?lh‘lcmBSpmﬁx: erabodinkhig thedransdattion staclisiregibiey 952 (“TSR”) isa

read i e Ay e e s B8 v domeaf a3 BAISe ot i a field a
any Eﬁ' }mfehﬁla%fmﬁde éﬂﬁqi‘fr@&nﬁﬁeﬁ aBdut tIIIJ]% %%F %d%%?e PR the

e buffered and can be sinply discar
Curr@éttnaomtwﬂ' ORzdnietad. Ofdonesenath evembadihente ntagtutibins moey/or less bits.

r ovi for e or nore . of the f oW fiel b
For i fihisfime R oS e ity TR Aoy AEIGS oy e defingi s
folldWs; SPALISE bitHRNel dr€ PRYVIdM fbﬁﬁlﬁEt%ﬁv‘e?ﬂﬁao&@s g aﬁ&‘ﬁmuld not be
val ue of that nmenory | ocation w thout checking the

taken g b kmifingf Fer an embodiysatdiahignpdemensiihe bitofietdd diqsscmlmd below in

he AUT i
a et BheTE e Wit e o BRORI s ks By ey B
resérhﬁi”b iSuch veseived bite magibdémplemehtedad S sie iHRTETREIR 284,
supported bit to be set in the Transaction Status

[000999i St o at BhsE oh© Eﬁ8§dlhﬁﬁt ftlf&! i1 6it 6f tht ’T%R@ﬂ M&icates if the
transaction AUT update in hand CR bt

currezlf tragdapiden baSrt[eﬂ@} §F he pepettdelsitscare mfmgnatleuell b;tslabmmrtht Istate; of the

AM’% an+ A %“hé‘g{(.tl} B? ule dﬁca&g rtr{ﬁ% W%)Zeéc?:@glog{nalgwp? ey Fés Vhile there
was 5 hdtwb&ralﬁbtfcheﬁ Gtle IAMT tAﬁd/ﬁidfﬁe AU esn-&Rpih "Ehetﬂrfal %t of bits
ring-level 3 are ignored (value is unchanged).

may jgp PS%S? ipdicafe thakhe comens iransetioadras friled apd @mwdﬁemfomatlon as
}l;anS|t|onfromr|ngIeveI 3 to a lower ring-level (on
atrap/exceptlonllnterrupt) | f thls bit is not

en t,to it at.rin evel.
"’"‘1 BB, ° Tk Bt of el ik BB s Set B RE Bttt i it Stgations.
EaclSifit cdn'bel dffectbd dyone ok efdrSbainks [Ragltipletsvents Bb&lr@ﬁﬁuﬁé%@@sly,
the failure of the active transaction. [00097] The
evengs thafchear p b Babays presgienceovessvenigyhatseitide one or
nmore bits to reflect certain status states related to

[00049¢L utTiransaetionalfpibBitnrilbe Gk bk of TecTronsaceon Statfs Regester is set if
oo SERITESH e 8 BT W15,
set).

[000102] Transaction Fail Bit (TSR bit 0): indicates that the current transaction has
failed. If this bit is set then at least one of the bits 6 through 13 are also set to

indicate the cause of failure.

[000103] Information Bits. The next 4 bits of the TSR are informational bits about the
status of the AMT and AUT. A transaction is considered active if either the AUT or the

AMT, or both, are non-empty; this is indicated by the non-empty bits defined below. The

bits are:

[000104] AMT non-empty bit (TSR bit 1): indicates that the AMT has at least one
valid entry.
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transaction failure. For exanple, the transaction
status register 952 may include one or nore bits to
waletwonesshe fol |l ow ng status states: Wet her BCT/US2006/024727
transaction failure has occurred Reason for a
transaction failure (if one has occurred) Val ues for
f oy erf
[oogfva N Aﬁ L TR ggﬁtzﬁ?)f I}@F%ltég%atﬁﬁ)é F R o ﬁeaﬂﬁ*}ﬂﬁ (the
full mnqa‘seydefnmnomﬂpmmemntatlbe dbpdndent)\ﬂhlsblatmhcamlthx%
for th|

enpty,® §§ Qﬂlﬁ%tq RES ‘W%‘SWT“Q ltllp(ﬁi&o({ﬁl&ée "b‘ééﬁu"cnt:g‘i?éﬂ overtlow (if

dur i ngt Bxatdi hireyWveATbwaldni ¢ bl ock Whether a trap has
caused a transaction failure [00098] For one specific

00 di X8 nor-ipty GRFESR bAB)S s'tfefl!

[ l?\!':61?%'-\"') isnoa rega{ ??@rggtlrbtg@été tﬁz?tﬁe{ﬁgﬁé%at eés“’ne
t hat nmfferafepemdiygpdate. t he val ue stored in a field at
any given time, may provide status information about

[000105] st AU fafll Hih@ SRBit 4 hdraws tHetleUUER Al @neady fidh(the
in general. O course, other enbodinments may utilize
more dreigdelmition is ppyplegieniatipn ém\%@ﬁ@mbfﬂ%‘@ indicates that

trans asglggéelﬂ BkSs fo@k Aeer g%g ﬁkelg'a doltfid SRucHRY 1PGver serflow (if

defi ne Speci ers are prov
for i lit bastnodblreslypvedtoseesl).onl y and shoul d not be taken
to be limting. For an enbodi ment that inplenments the

[006308] i B BideReribed obtHeSR 95Bmap B &Y astaBap bl t@ﬁncmhte
ar bl} rary sj ze, add| tional fields not described belo
that p fFgp/gEcopFew tigEwPt hasaeayried séiep dep HMS 109 AET 108 is non- empty.

|
This AR BE U ol L wab B dtclon |3 1) otk
instrietdtindatTedle 1, tehov)c lithis it it stilhsacthenn tapshahdiet eturndbewhen a
next 4 bits are.informational bits ab

subsmpgnhlmp/gw&p inteFFpt Q8 CHE, 1ty TSt iyl ggl"rth]gqrc%‘ al? blg%fbeing

set ahdl &R G ERoh FMihpt errupt occurred while there was an
active transaction (the AMI and/or the AUT is

[000Y99 enﬂla\b)l?]t ﬁﬁ%fb gl n?aﬁftbeoc{ut&hﬁtf;ca ¥ettf) Hé rgg 2

|nd cate’t e current transact
provi d:EapVaxbeptrml’mterrupslf Emhemhlye AMJDGﬂAOJ]T 1ani_n-enfpt3t e bit may

bits of the TSR may by the hardware in specific

o1 t vaditshE SeEiRe Hog pvel BB He- BYaisrhanglers banow they

event Syre {rhndibidd- pif@nﬁy @IUaP GO Shitpto RO BB AENwith the

events that clear a bit may have precedence over

event drankartiog eleahirg bit instruction (see, e.g., the TRNXOK instruction in
Table 1, below). In this manner, a trap or exception may be handled as a non-
failure condition, such that execution of an atomic block that was being
performed when the trap/exception/interrupt was taken may be resumed after

handling the event.

[000110] Transaction Failure Bits. The next 8 bits of the TSR 108 may used as fields

to indicate that a transaction has failed. If there is a transaction active (either or both AUT
106 and AMT 108 are non-empty) and any of the following 8 bits become set, then a

transaction is considered to have failed:

[000111] AMT overflow bit (TSR bit 6): indicates that the AMT has overflowed and

at least one memory location read by the transaction has not been logged in the AMT for
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[ 000101] Transaction Fail Bit. The first bit of the
Transaction Status Register is set if the current
wa e@nmeassét on has failed (any of the |ast ei ghtPGL/EHS2086/024727
bits, bits 6 through 13, are set). [000102]
Transaction Fail Bit (TSR bit 0): indicates that the
sHr-rent transaction has failed. If this bit is set
mon?tgfelﬁgat | east one of the bits 6 through 13 are al so

to.kpdicate the.cause. i. e. ..[ 00010
r00f i1, cAME RGN Ful Sy BabE By Vyshit s nqis S thp AT has had a
collisiohpsrpissibRalol1¥idnS(cametitatit B BpibRinSiond areR@oAM]), Bveen an

A transaction is considered active if either the

AUT, _
entrngd pforgiga upsiate tOMEBOh, are non-enpty; this is
i ndi cated by the non-enpty bits defined bel ow The
[0061133 ABT ¢veoflawdft AR bib8):angicgtepitat (FSRIBihas dyerflowed and at

o < 38R ok Bendeiif bl B8P vaL BBt 0B b fengl nas heen dropped
i f ul 1, h i
ool3a) i £Ba/ther ek olisioif CFo R plstishicrtos Mt hA LT has
i ndi cadiRervbdaloRMBRE B thMRFALRS a%l%tiﬂ(@ic]@ﬁﬁléfé#hle bufftered

i kely cause the structure to over w 't has no
al r eadypdetesr f | owed). [000106] AUT non-enpty bit (TSR
bit 3): indicates that the AUT has at |east one

[00®UIS] er AU Triarfterybypaskoit @t alfo®@aQ LO(TSRIBit{10):| thisibit thdShe et by
4): indicates.th he. AUT i s ful rr nearly full (th
pr eci Jeriiaeas o ol uPqaie,pié freleate Wﬁﬂaﬂ*ﬁe'%%iﬁ% gnablgd;and non-
bit i ngisatieshet ; b des
el B O B T e Fp i Wpgeine
al r eadyuftevest dateed) the[AX0D108] Trap Bit. The 5th bit of

the TSR 952 may be used as a Trap bit to indicate that
[00G116f apABTdejled RAWWrHie(FSBbitldy: iadicates gat sbwed pefforrddimay

106 or, AUT 108 .is non-emt Thi s, hi.f can be cl eared
by a tHRYRSEOAGRCQSELT ?ﬁa%b?ﬁapsq diledés Berr \eligebypassed from
e.g., th@%[%i‘d@%ﬁé&%aﬁ%ﬂe?—v%ﬂ@ E@ha%ntic?% MMe whd ambiguity

this bit is sti set when a trap handler returns or

when avidhtrspept énupdatespin thecATiand thaxtoerecuyrluoettthe $nadicould not
may 1 s or.c it bei

the ety FAE A oioL B8] HEdpUBTe Tor GRIGH willbo the
5) 1 meahler@H hIRdt Gad hit Seiludiomandwdre on a
[000117] Trap Force Failure bit (TSR bit 12): indicates that a failure has been forced

by a trap/exception/interrupt while the AMT or the AUT was non-empty.
This indicates that some action by the act of transitioning to a lower ring-level
or by an action within a lower ring-level caused the active transaction to be
failed. This bit can be set because the AUT was not empty and the processor
does not support memory updates bypassing buffered updates. This bit may
also be set by hardware when a trap/exception/interrupt occurs, or a return
from trap/exception/interrupt occurs, and the Trap bit (TSR bit 5) is currently

set.

[000118] Unsupported Mode bit (TSR bit 13): is automatically set by hardware if a
write to the Transaction Control Register attempts to put the processor in a

mode that is not supported.
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trap/exception/interrupt if either the AMI or AUT is

non-enpty. The bit may not be set for user-I|evel
whamdioesst Transacti on-aware handl ers that knoRCT/Hg3006/024727

are transaction-safe may clear this bit on entry to

the handler with the transaction clear trap bit

o005 458555 8B e HEA TP PRSLOHFARR Aty

clear&®dp Zofo WaAHhOAMYT 1@6HSEIkakl UrSack okdiihg piay oswrhfotr hﬂzirnple
execution of an atom c bl ock that was bei n%yperfor med

respoppizn ta pavrite af7le il iR clast bit ofi the Tel 9P hRERY Affpnizstion
ter handling the event. [000110] Transaction
Conlrna-lg§¢éure I'ts. The next 8 bits of the TSR 108 may used

oo 55 AR 5 AORAFHASR: B0 [ b

autora@foafli d1AVdl 14 Q&oaﬂfbnﬁ@@AUIDI%) 1s aldrednSuoh clebing may occur, for
follow ng 8 bits becone set hen a transaction i

exampif $ESHORBYE tod Weilgeoff hi todip Apé"ddqarb}t ofithe b& RSP d’kﬁ/b%lat

trans&é[%?ﬁc%hmﬁs nstrh&ijd cates that the AMI has overfl owed and
nenory | ocation read by the transaction

o3 P3RS TR 0041 i

the ANY@t] 06 e AT | BB Sndiask AutRhtidall @lkaredrto E@‘@Swﬁﬂne)oth the AMT 106
col lision (conservative approxinmations are allowe

and AT I8 nreeicarnd piyndisgccushyorevhisn citherthe ANT ABfeF pUT M08 are
clear%cg goci%%]oﬁa%tn%{&][e}clg 81’6’8&) Il“gé az%&@aéangc)e donk 'B?rg%tlt%% kM

S OVEr f1 owe ry update

106 dlatbitvig/os tipATad 08aidae bhwf fierBCR 1945 obbea tinsypfien commit
[000114] AUT coherency collision bit (TSR bit 9):

instryqhi@iicat es that the AUT has observed a coherency event
that will not allowit to conplete the buffered

[OOO‘(iTgﬁt e, &g 11 ﬂ)g%ﬁ thﬁqrus@fjfnfogfanpym§§reﬂ% a%llén%’i@ @%rﬁérh 902 may

S bit nay be set by hardware i
includesinstrpdiadres thittard wsedl] émreplembiting aryeofAerrralsneltigeadingind

paradh iy PoTRE L By HEES o T era g s ey
trans[a&%ﬂ@lec&ﬁgﬁ ekl RAKk BAMGR) dnd/of SRebhiultl-Threaded Pir b eing

hat a | oad perfor med may have seen an i nconsi stent
paradnam@e because it failed to get a val ue bypassed from

[000123] Fig. 7 illustrates, via broken lines, that the use of any or all such instructions
are optional. A thread unit 904 according to at least one embodiment of the present
invention may decode and execute one or more of the instructions, or “primitives”,
described below in Table 1. Generally, the instructions may include one or more of the
following: an instruction to write the transaction control register, an instruction to trigger
the committing of buffered memory updates, an instruction to read the transaction status
register, and/or an instruction to clear one of the transaction status register bits associated
with trap/exception/interrupt handling. Of course, alternative embodiments may use more
or fewer instructions than those shown in Table 1, in order to implement the functionality
described.

[000124] Table 1
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the AUT to provide correct

or there was

wa\Rih7am$se he correct val ue of the | oad coul d nPCT/B82006/024727

determ ned. |

read-after-wite semantics
anbiguity with respect to updates in the

f there is anbiguity the val ue returned

for the load will be the valuefromrrermry and not a
—vatue fromtie—AUT 0001171 Trap Forte Faiture bit
Miﬁﬁldmut 12) Opmiatmt es that a failure has been forced

-y anl avn

HEZY S-S

lJ_y Cl l Mapgr CTAE

TREXNIBT enpt

Hoft t whi-He—the—AM—or—the—AYT—
C'Jll UIII 1T 1T1TCTT U'Jl '
WrTiek & valndiigta tigstrarsadtiohaortralatgivter bysetifoa a
tioning to a | ower

act of transi ring-level or by an
action withimn VéluPéﬂf\éPO‘F%@ngWel caused the active
fransaction (0 De faited, This bDit can be set because

TRUXAMTwas ndteawit ip nerigrm e prifeebmemontendatrsdrom the
support nenony, ' f .
oL e PR B R py o
trap/ excepti oa{dnﬁt;aﬂryr upt occurs,

;nJ_qu_eLLupl_eeouLsﬁand—t—heJLap—m—t—-éISR——
PRNRD I S cul RRBA the %@ﬁent[v@ﬁt@%%‘%ie TARMBROH Cotr Oty fért
(TSR bit 13)] is automatically set by hardware if a

wite to the ’En@ﬁ@éfran&anu@oﬁﬂaﬁl@IReBWrster attenpts to

v+ + Bner-a PN H
—put UTe Ji OCEeSSoOr—t1r=& IIUUC lllal S IIUl

FRPXODK ed. [ 00@1d:03 trddactidBRrGHAt st at us bits associ at ed

wi-th-the AMF106-—mayvbe-autonati r\nILy clearedto-—zero

when t he AMI IBE |; cl eared. Such clearing may occur,
for exanple, responsive to a wite of 1' to the AMI
[00Q128h ¢ TBletTRgNXSEE iTgrRegen wmteSb@rat lensrong ebedinecsimiatues into

the t{)aﬁ?gctlg r%chtrge%%g}@%)h Aﬁr g%{?nac;flth N ag{g%na]%‘% on may

caus€ b@@h@ﬂtlb@ toZ 410, oM@ fhaill MEheAbSErut8n h@y@ﬂl@&fe&ﬂed ﬁutehnporanly
clearing may occur, for exanple, responsive to a wite

disalje monjtoripg o WémAU‘I‘feé@ Qﬁ?d)kﬁdfireé?est he TCR 951 or by a
transaction commt instruction. [000121] Al the

1004126k nihegl INKS Edrinstristipsramiuser! te demprals dhnlpginning of

LEectly y/
wan el G ioneeiad 1 B o] B BMleatB il e ik PP hpg AT
108, &ﬁd bAHitih @ Bita tnethe ITER @3l hbiw [l @neousdaying and\blm@kﬁigtdf elie tables
he AMI 106 or AUT 108 are, cl eared and the ot h
106 sl@ﬁ dasedran memarygnsiructiggs @ the ptopuc blopk hEhe ¥Hue Wﬁgn into the
t
TIORGOS ik A g ibon a value in
a source register. A portion of the bits of the source register may be used as the value to be

or areturn from

written into the TCR. Another portion of the bits of the source register may be used as a
preserve mask (inverse of an update mask). Each bit with a value of zero in the preserve
mask has the value in the TCR updated with the value from the update value, while each
bit with a value of one in the preserve mask has the value in the TCR preserved as its
previous value. The TRNXSET instruction can be executed at any privilege level (but it is
assumed it will commonly only be used at CPL3 or in specific trap handlers that are

transaction-aware).

[000127] The TRNXSET instruction can also be used to turn off address monitoring
(turn off AMT updating) within a transaction, and later to turn back on monitoring, to

allow specific memory addresses to be accessed without having the AMT monitor the
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instruction. [000122] Fig. 7 illustrates that a user
program 960 stored in a nenory system 902 nmay i ncl ude

w0 p@rowsse ons that are useful in inplenenting BCHUSI006/024727
several nmultithreadi ng paradi gns. Using such
i nstructions, for exanple, a programmer may i npl enent

a
addré%shf(;l?l@?st hﬁﬂ@{a A ea%&%ﬁg@%ﬁﬂcﬂ%ﬁpﬁe&rﬁy ﬂh?&dlr?ggﬁ.@tisg?lar)
eXGCEH@l so7thlai the stnﬁc&ptesﬁ thy headookdsecanl Herpassedtihiata spheulattwe tdbck
aII sﬁructions are optional. A thread
Wlthﬁ‘t‘ﬁl?a toatb lroéH( ﬁg Beat | east one enbodi ment of the
resent invention may decode and execute one or nore

[000928] nelhenSRINESELdpgrucpn ey alen b ysed to fofee tieifpide BERow
Vi e «
tranéaf‘:]tlc;lila'l%l ﬁga?rlengﬁgall\?‘f f'ﬁ{(il IAt(_PleaﬂCf:] tttfrfgcthé ??E{c@otﬁ i&%labv\'}‘ré&’ and “no
upmm&e transactlon control register, an instruction to
trigger the coommtting of buffered nenory updates, an

[0001&9} I UG laDTRadt@ne @aBolient, eRB&Aioh i0f fheSTRINME M E @ihsbiufion may
and/or an instruction to clear one of the transaction

causg thetnyeceseqyi % éo chckdharedeplihe trangagtion status register 952 (TSR). If
the t{aﬁl?ﬁypﬁé ?;Iﬁgltéllt %2%)"[ géteﬁl&? eﬁecﬁﬁ&g Bf ﬁ%g@%@w ﬁﬁtruction may cause
the prmaltsm O0#4 ensttdniyno padsen b&fﬁami membaplyedates ﬂdm CiedRUTt 108 to
ement the functionality described, [000124] Table
men@po%% (e heyFaRRERFO DR EHOPIIHORIANEs, for at | east
one enbodi ment, val ues into the transaction contro

[00¢130] stligiecv(lt[mf thg TRNE @M Tt ingriceipn ey caragieprocessor 904 to clear
the 4.T{)ﬁ’t fO%'C t1'1dcl?15]¢c AW ARV Such e%c%ﬂgﬁlﬁtg%ﬁko cg a?ttl?er Franebd Fontrol
SO used t0 tenporarily

e I nstruction na

registirSRER 05 ana valué 6falDiero® Mhe TRNSGOMT dsthictdddh®s®asn in the
[000126] The TRNXSET. i.nstruction can be_ u & tg
SOUreftegISte peyatigdo H@g‘?%fﬁfgsus?%ﬁ%ﬁ@s@%thﬁi et upgptes from

the A{%% gg . fAUT pﬁgg’ %an g&%ﬁﬁe fé\ér drn@BYURE thé ﬁﬁdé}é&gyr%% %s@é}ﬁ

tting bits in
discdrfied, theinl the pmcs&soum%ayl gpdatelthetseulcs negigér Witk a tvaluk @f zero. If
tions in the at

6, 108 b d t
the R e R I EBIPSeOb Uiy SRR feiouibedeies with a
non- Qéro%ﬁl"éufﬂtﬁ’@A@fT td3eis TRYSSEE doash# %&'H&%oﬂﬁﬂeﬂ@@ s@&%ﬁ%l for at

on a value in a source register. A portion of the bits
leastgmeembodimant.endagiontasro valye wey bs egfurnsd tiththesgluge registpre

witten into the TCR Another portion of the bits of
[000138] s dinecetioredfi the FRNFRD hestmsech may aaymediseproecavaisi4 to read

| nverse of a dat sk
the V%h{ﬁd)%itﬁp %agpo@pgglereg%ter )(TCE?%]I cf th\émtrtagsa%tlc\)/na Ista’cus rgglster
(TSR) 952 into a destination register. For at least one embodiment, the value of the
transaction control register 951 is shifted left by some fixed amount and ORed with the
value of the transaction status register 951 to generate a value that is written into the

destination register.

[000132] For at least one embodiment, execution of the TRNXOK instruction causes
the processor 904 to write a value of zero to the Transaction Trap Bit (bit 5) of the
Transaction Status Register. When the transaction trap bit is set, a trap handler may avoid

forcing an error if a trap is taken during execution of an atomic block.
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mask has the value in the TCR updated with the val ue

fromthe update value, while each bit with a val ue of
wo@p@7ieesshe preserve mask has the val ue in t hePdIZBS2006/024727

preserved as its previous value. The TRNXSET

instruction can be executed at any privilege |evel

[OO@F}L 'o'fr“ha:t?]’s ggﬁg@ﬂme ﬁ% dﬁ’ g;f%@ﬂ@ ITWK RGEHEEH ARl by setting

certdin aitsmcthe TCRaMHY, explicitly0QMRY Whéther &RNXSEITpdatESiﬂlB WIIT/AdT
can al so be sed t urn off res nmoni t o (turn

during wrapigpdlipga Vﬁgﬁauﬁn {hﬁipﬁocssslor 3&2 Pedcstgnd sust ghat {aing o

trap iR RAEKP BpdHEY tb Pd )SIM 51@8 %ﬁléﬁ eP‘B?A %l&&b)/default

addresses to e accesse aV|ng t
operatdon, bdrapttileadiiriog sn alniis blosk |t¢rpmmattm1he tronsactiph amkbeaisesg rest

of g A 108wt AT 108 Mgl ey’ e, Rt B SE PP R R
causfhRE Giérafddibge fhie ek bilshautd. | Bedeng, dueh HBRuR bP&kiisn may be

failure. 5900128 The TRNXSET instruction can al so be
overgidéen pyothe nﬂmqtlgnewlmfch allewsin trap hiHeryy agpiddpicing a

transtac %uup <$ a{cr%t % 6 L heei:u;‘.lii():lg of %nl%thguc ﬁlgslgbl}ggaq ows the

state&)f@l@euAl\/DI'l 104 aﬁdﬁﬁUTRNX(ﬂWSe pBr%IsEdﬂG threuphny he@dking of Aerap or
processor 904 to check the val ue of the transaction

excegt@% that pesyrssdusinggsocytipa Ry the gtomigeblogk ios suslopmbegdimen; the
tranéa@tl&%t}g@t hﬁ{/@ ﬁ?lgg é@gg :tllleg Ql{etéﬁ*lgk? ta;[& z@%&@?/ﬂoﬁ Qf’t:h[e Utlnhi@Block
may ﬂ»afrésamed wmmhby)re;széqirmsédr ot thet eéchifedlﬂ&h& nnmlnmﬂrgp &02
such that they appear to be perforned atonmically.
emmPB@@T%@Pféyecutlon of the TRNXCMT instruction may

cause the processor 904 to clear the AMI 106 and the
00043#] 1 Jtpr atleast oag embedigienidle epesdion aidhe TRAXOK Arsbietion

ano%%m{cﬁ&'téh@fomoﬁ% 2 &ﬂ‘{@{r&k ﬁaiona'fhezmxoama AUT

nstruction na urn in the source re
108 ablealnm/ ltempidatéd cating trﬁp hnndstmgpléssindldayedw the K:tm'ehttvlahle of the

f tes fro e AUT 108. he updat es
TCRC‘%J){} 3{ %Eéﬁﬁ%ﬁt PR} AR Ocﬂglﬁat phlsagy 5@1&?@ stk 06 trapsanglgxceptions

may Bk SERILRFront Wi PE1phRARSSOr 904 may update the
source register wth a value of zero. If the updates

(00435 DRI BRembifihehl\t ARGERSS04I TR LRSI FerbliG

sou a nontzero val ue:
through aermd)mw Hlbek. Cﬁﬂﬂhlﬂov{?ﬂﬂﬁnhﬁg@@ﬂl@lﬂ%ﬁ de‘mggeeﬁrsﬁll.dutsuﬂ@ﬁhe

nbaodi )
atoma%PGP neﬁﬁ@l@@éiﬁ eva{h@gq h%ﬁlr\'/lo é ¥%§<@§ut ﬁ?%ﬁt is
that % ggogﬁﬁ%a%ﬁ%&mmg% Al RYstGRk %ﬁleﬁ‘l‘ﬁleﬂf 8EEE HHseAAfverBion,

single-step through an atomic block and see the architected state at the end of each

instruction. Such approach allows for traditional approaches for software debugging to be

employed within an atomic block.

[000136] This feature is in contrast to other schemes where the intermediate state is
undefined during execution of the instructions of an atomic block. For such schemes, the
intermediate state is either committed or discarded before a trap may be serviced or single-

stepping may be performed.

[000137] For at least one other embodiment, the TRNXOK instruction may allow a trap

handler to perform work as part of the transaction, but the trap handler, from outside the
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the value of the transaction control register (TCR)

951 and the transaction status register (TSR) 952 into
w@2@em0ismat i on register. For at |east one enmboRPKCTES1006/024727

the value of the transaction control register 951 is

shifted |l eft by sonme fixed amount and ORed with the

val.ue of the,transaction a o)
w38 O G LEVATHER BRI IEA b e TRhu P, 96 o
AUTr@gitsHley. . Wb@m@ﬂ&-?dot Her ARIT 108asid OUE 1ea‘raﬁdmrmruypassed may be

execution of the TRNXCK jnstruction cau es t
indicpied by dawyalopaf e Téakt .- SughPpEroash allawes the trgp gandler to execute

whﬂeR&ﬂg}a?ﬁ}e a?%fgrbw%ka t (bit 5) of the Transaction Status

etransactlontrap bit is set, a trap

0GR 50 5 DA |l A s

of 1ns’lrd@f1@1§l ket mhsﬁﬂ%haba&lml ong td B&nﬂiﬁﬁﬁi@rﬁlmdksdﬂ ihgthictonsinc
setting certain bits in the TCR 951, explicitly
SPeClé@ih‘tertheadﬁétl trépsagtiongd plack apgp aaYeellaF%\éarA@W%er?ﬁrthamﬁ%b that

upda%é g%g%%gs u%% atrﬁélttlﬁje?flﬁw discatdid 2% %1%&? Erfgl%dedr@v%ﬁ?ﬂglly. The

Ing a trap during turns
extensmﬁiah&as' dlso frbeidMEt fidoay dddkesFed £8d amhhelsltorﬁbt‘o detesh foreign
|t operation, a trap. taken durin

updateg foeic S oTe EpinBacies oFichn e atey huSE TGy SofuiS o
atten?ﬁ/g b HBuRNge ll‘%lveq}%eac\éh?ﬁlsthlaﬁi\%'r@{?rd'vﬁi& kfSport tB@1low efficient

nsacti o have ' ed, causing the internediate
executicat &f specuibeivditbroadsdo dnaltiio wivend, rasgectf spedudative thisediag immndels.
may be overridden by the TRNXCK instruction, which
[0004B9ToOWSA protesapr, baahcHsairodesson P04 dhdvar i Fig. 3 Whialnsmpbi*tl puch
failure when a trap i s taken, ur|n execution o

instryglighs.ds BRtdIeResSHAY 4P9UARA £ ROV rapies thabsracy ]é(ﬁd
trans%ng Q811 sRRE ﬁﬁ%@ésﬁﬂ?ﬁnsfeﬁ& %Qctbve{rg hayandl h'tﬁﬁsa‘éﬁoﬁ‘ as long as

trap or exception th occurs during éxecution of
it cora¢atlyinotificoaktware pf thedhilwebodi nent, the transacti on
wi |l not have failed when the trap returns, and
[000a46C UTIQT6 ioh dutacflc diaprnbilbeikatimyat kst esemdbdinedt of he

pr eci se, processor state that exist
mechafnéﬁl fgrde Eei@gm P exserionaLd trap%@?@ﬁdblqs& ?alfeén?eg gne
111ust o eraﬁ{?@th%ﬁﬁ atrrefn Q128 bed TRRXPS 1265 tdhdukRNone of

ows a trap handl er to performwork as part of the
skill trr thnsgtotilloacoghive twavrfhelmeclanam&lﬁstmai indfip e mampe lgmployed for

o AEHRERD il et 2 o ol Teast one

i_nent | asses of _traps a

10003320 s peptesa e tirs&’éa&ftrwwwrﬁt ERbesBis tread 125
begiry &%&tldﬂ%ﬁ%ﬁ;m dcﬁ"ﬁ’)? PREine TREFBRBE 1R atGmRIAEESF, at

'ow sin g teppi ng
time t2 the ﬁrst thread 125 executes a memory read instruction for a particular address.

The address, illustrated in Fig. 6 as memory address “000A”, is entered into the AMT 106

at the time the instruction is executed (t2).

[000142] Fig. 6 illustrates that, at time t3, a second thread, Thread B 126, executes a
write to the memory address that was read by the first thread. The update by the second
thread occurs after the first thread has read the memory address and before the first thread,
Thread A 125, has completed execution. This attempt to write, by a second cooperative

thread, to an address that has already been read by a first thread during execution of an
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t hrough an atom c block. This allows running a

si ngl e-step debugger from outside the atom c bl ock,
wakio7e02se0 nt ai ni ng the val ue of the AMI 106 aneCHUS2006/024727

108. The effect is that a programer may, according to

at | east one enbodi rent of the present invention,
q -3 I : 23 3 :
B L B B o g one
of thgaddusaseh imthe ML TF 106, Sueldevdnd mal tagger anakyashfamous event to

.+ SOf deb [ t ed.wthin an atom c
mdlcgal?eo%’ﬁm&%?ﬁﬁe E? Iog'%lf’gq?(f @gflg?@ ﬁ%s f?‘ﬂggconlt rast to ot her
OGS o ST Bt A e ot i
durif SbutidiPsf SUEIMRUIGIE SOthEtl@ghgtebggiH&dé ﬁ)tr@g% Wﬁg‘g tdb%previously-

either coormtted or discarde ore at
read srgmory @ddigss way ghuss exppiing ofrayatomiplelotiotoiad. JreGadiBdtent, for

Fqr .at . pne ot her odj t TR
exanf i BB e g AT S AR el AT 1FRr Adoiensi ovent
for eR8mPRY! Is Akad-ARerl WARIARANMP!) vidlitiord fAqhd AR TANAD@Er faf1GRM
outsi de theatomi c block, may read and wite directly

conditiongopay Hembs implepented isneh asmohagemeyl o@lisiog, T 108
tabl es. Whether or not the AMI 106 and AUT 108 are to
[003¢4by péarmd nesharisns mdy bauibzdayto titfern abfiwaefthathaedifidn of an

95 1.. Such..a oach allows the trap handler to. execut
aton bl B 9i1EE FEH o HiecVBnts e B i) hreuthia i plock
suchigREitE HeliHRASpRABERS BfdeddunftdBhd ok, &BY t€ad (i FIESHISY 2) as

as a set of instruction set extensions that allows one
an agygchyenetsoaeld exen] siek apan intgrtunic Fooatdedshore epladinant the failure

. [ ctional block and have hardware
even{e%%?@?'ﬁg}#%ﬁ%%ﬁ“&% p3’pdat es are buffered and are
i,ther.later discarded or are | ater perforned .
0o e tyineha” BEREn Bie iy < Gl fogicntg filure of
transABHBHaY c;Rd G G5B @SfeFr8REh [Rr&in AP N 9E R ﬂ&%agﬁﬁﬁkrﬁlﬁf Bindling.
updates to detect nenory dependencieS. These

Suchanecdsissrmayingludsashaniedin which wertan tuggeringepents may be
P c ecul ative threads. ,This hardware . provi des
indic R ORI R IR P [0y SREGHRLD B eiGRe
scendriy @ag be ko avhablteradly e facl §eBBH6nedr BReGMERE. XRernatively, the

. threading nodels. [000139] A processor, such as )
rigSEHREIEBYI0 WY be B iFi-dehingl set of ongyar mATesayspisr Uposwetection of the

. iR I ool . =) i i rovid
i 5 RO SR 10k BRSSPttt
handkucoend. Fuchesdkbeription fonstlesdondanisbiamentoudlanderdevel fly-

. fransactjon_as lopng.as it correctly notifies software
Welg_[a{ I{QLEIDf Eﬁ“} lipg .me[CB%tﬁz @}aY#aegf.[)mei_ inopeading Fafenhapnlicgtiember.
No._I I I ustrat i DgrabodieeRtm®eEp £99%) EHe® ™ £ Programmable Event
Driven Yield Mechanism Which May Activate Service Threads”.

[000146] For the processor embodiment 904 illustrated in Fig. 7, one or more scenarios
may be defined to support one or more embodiments of the transactional execution
scheme discussed herein. For at least one embodiment, a scenario (referred to as a “status-
update scenario”) may be defined such that an interrupt is generated when the contents of
the TSR 952 change. That is, when the contents of the TSR 952 are updated in a

particular manner, an interrupt may be generated.
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mechanismto determ ne that execution of a

transactional block has failed. Fig. 6 illustrates two
W@ ompeeast ve t hreads, Thread A 125 and Thread BCI/BS20060624727
course, one of skill in the art will recognize that

the nmechanismillustrated in Fig. 6 may be enpl oyed

[0061‘2@ Og%lie@ﬁm%ﬁ%éa sc%pergcg{?ﬁgpgﬁsdiiﬁgn‘{eﬁf’eﬁﬁg% ni ?15 tﬁ( >

trandaktion stetuf re_rg];stterc(&? SR mathi avraadkh rmﬂdtailﬂs‘éuﬂm@ﬁ s&Sne&kﬂhui meyl be

of n.tom ock 602. Duri tion of . the atom.c
assogjpigdpyi ftlfﬂ 1@pphicd tpjiae TOR S e AN Bang otthe sk g the TSR

resuﬁ?iﬁoc{ﬂorffe@@vhlﬂétaﬁ&'ﬂfe'p?&efs&‘i 1samrf sgtlesalsarheﬂg §3Rario MGy

ddress, illustrated’in Fig. menory address
tr1gge0@ OSE‘r-leVEé ceant bamder. Wh@niakiemAMﬁe tdeBnat such ¢hat amenternept based

AT NN S WU T LT —

tranBctl@Abhasas@sdit es a wite to the nenory address that was
read by the first thread. The update by the second
000128520 QEFUE Sy b & f h rl 48
[ rrem‘;ry ad re%lg and SCﬁﬁe&}nedstﬁ%H%d:m;agg qtzjfz%g)rgé%lbh’r eag “A
procgsasr 9%léluetmtpl mEg. Bxegyuhil erranTdviion as tomgys itcormecily eotifies
by a c erative thread, to an address that has
sofogite B3 190R A BRGS Syl ¥ pereairE g oes et g vare
schefife dBd¥RAT1a60W], B an hnIObREK AXII ERR cHRTIANNBuRE FBHSGedst one
Is recognized as a "foreign” wite to one of the

embegiaeat g8 gddifiond eapghility deproside b eapropesyon S}q4ggéhatan
prosR AN SHRn @SN, ERpLB g B Frgt B VB SRS iRy fions to be

assutbdalgtamatdrhid $ldcktveitl dopldte exd@uBrOWsthphtdonRAfon AShARES

of a failure duri ng execution of an atom c bl ock. .
cooperatine thigadst Supl addjaenal capability is sgfareed te Berg in as “stop-the-world
Capagﬁ&yl ousl yread nenory address nmay cause execution of

an atom c block to fail. One such event for exanpl e,

004387 SBPHE- M4 g bRy By B UuBsd PN P ipcihggution

evenf thHeeutdmidANdk Mélatiéta larpeinunibee o AEMdBBinstdidivhs {@é.| 166€ and/or
condi tions may al so_be inplemented, such as coherency

storeJdgstrycsipas), Starsthe-yertheapalilipampy also he vk hzedsimenpiy afganic block
execﬁﬁéﬂ évzeﬁq {a a'tcﬁ'ﬁl(arb c%%flJv %1I¥£§klﬁaﬁﬁ%a9&cﬂgn@rﬁﬁn eneral,
atom c b ock 1%ed-” For &n events &
stop-nﬂmfwoﬂd myabeﬁmlizeld En sofftwaine whamhat hifvke hasttengiahibxecute a
r he thread unit (such as,
SPeCﬁﬁ‘é%ﬁl bt < %@ % the gistrogtions digpusse W@éﬁ?&d&zﬁv@ 1) gnd has
dete@VBE shabHBeRSs @rﬂﬂdel}t BIchiRf FRRE re%t)ul cE HRlitsMBecause of
enbodi nent, the fail'ure events may trigger a
repefiiger memoni dqpnn@np]a MtOlat{(J@@OﬂIw5pf’t®am maymetiate f stop-the-world

proga%? g ea%t oy o without uscler\llget e sIr)]éc% at1vg tthr%gdlrllg Harﬁ%%r%

[000150] Rather than relying on logical structures such as the AMT 106 and AUT 108,
stop-the-world may be provided by a software layer (such as a library or runtime routine)
that utilizes user-level interrupts to ensure atomicity by suspending all other cooperative
threads during execution of an atomic block. Stop-the-world capability may utilize two

interrupt scenarios that are supported by the processor 904.

[000151] The first scenario that may be utilized to implement stop-the-world is a

foreign update scenario. That is, the scenario provides the ability to monitor a certain
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transactional execution is referred to herein as

user-level fly-weight interrupt handling. Such
wore@haessm nmay i ncl ude a channel in which certBCTIUS2006/024727

triggering events may be indicated. The triggering

event may be referred to as a "scenario." The

. : ari - :

menior} B8 10 S65203h 1B B Nrt o FPhE dh ISR ok B SEoure.

A “foreigyderpdag nsayehearmdorsivmy tb eean tisa thededuened sahorgfaddress has
or .nore events. Upon detectjion of the triggerin .

beengyrifal P aiagie cPPRAIR Y7 thivadc RinfreFiSIaRAEe a?enﬁag; Ry thus provide

a mechafsth g6 G thRadtd REAUpENE bth@@&sﬂg@faﬁ"v@ bR in Ghtiet RET
description for at |east one enbodi ment of such

synchemizel aavigipldrhgntingitighunderly mgrpupgramariol inodeln#bissnains svemayio

may %ﬁsﬁb}%b{%%% %(cgiihgﬁﬂ %g}?liaﬁ,%edﬁglté %nnt beglﬁﬂrh%a tasi/h%ﬁ ﬁeeréﬂielr\ks)peculative
taskd MG (campbddt arfdMBE pdotilav @O ta¥k StirARETRAND HEEINE Boh-MR¥ulative.
Activate Service f%reads". [ 000146] For the processor
00632P 41 TRNec ARA kA ibhadh&od MillZed to fmplefe TeSyorld i
[ sceﬁar i 0S (r:ray k():e a{éicg’fsti ned%?% sbpgor? o%e o?tosrtn%i}rg{eewor e
returgrfboaipriyidege ssenarfre The agroad stapadd istoéouikieanssehamier when
discussed herein. For at |egst .ope enbodi t, a
cont BFHFR 9 poee 0 g Rleg SRSyt e e oo detecs
wheifBYrah@tishetd mMgd]esIChodciat an@NnddKeg b ubdlcv el hagdler. 8u8scenario
when the contents of the TSR 952 change. That is, when
basiafly aflews dortasusef-lavhlehandirr oBbe imvekagdouaanster qpngrol returns to ring-

tevel SR EH e GRRRT et Bt Phip GRhaS sty p s ropect s

cooperapive faiddrdyurfently trofiding sdfiveart (e #a¢ thredd shballdis synchronized
egi ster (TSR). with a mask. The status-update _scenario

¥ . z .
witht 'hbis cowlgl haapeansi€ Hiei capperative threadihadsymghgonzed syl jadhrepd was in
a hadd1& ot s rlot aét%w%ﬁﬂ%qu the mask and the TSR results

ue an

I'n a non-zero v the processor is in ring-Ievel

=2} hen. .t h nari o may trigaer_a user-|eve vent
r00qish " ARt HEERS e os Ap i SrrdRe s FURH
coopefitiRe thipidsasied agartidiéir shaiersiveRERh & nByeR8AUtOaiTBYnREblock
.. generated when the TCR 952 indicates that a
withpyteeaieatipn Fomdhe sugperded qoopaaie] thigedsr di ngl y, the
di scussion above indicates that a processor, such as
[000454L et will bonoted Fhas stontteatwiorld i an alernatirg nfiamingr ef implementing

transtgétﬁt?%ggr%egzlﬁ{i]ona\‘?’vithgl#g%gg%iiﬁ%l%gﬁ%g%tg%&g{uiggsi 1%%, f'(?g , ts%’é’?er §51 , 952

ure. not
and @staud@idhe @de TABEED dtutde abavdleteed G aEn @k SeUSSRTvare”
ahove, that an atom c block wl| successfully execute.

embegieny). PofLaPRERRshesiar berisnd togatherddi mpwhear veRsissirable y
proghaér;/rﬂfn%ﬁ% tcpPét Edgﬁvagérgfogﬁﬁ ko t?lg%oﬁ& { ﬁl%{ th%l'qoié\%%ﬁmcode

n desired, one Or nore user-
that eatties meéthi thes senemticothat it @ di@mic. Stop-the-world may be used to preserve
the programming semantics when transactional execution fails according to an

embodiment of the hardware scheme described above.

[000155] The foreign update and return-from-handler scenarios discussed above can be
used to implement stop-the-world behavior. To do so, the thread wishing to execute an
atomic block may perform a swap to an agreed memory location used for synchronization.

The swap may write a “busy” value to the memory location, and may check that the
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assured that an atom c block will conplete execution
W t hout contention from other cooperative threads.
wEe@h/osxssd t i onal capability is referred to herBCI/HSHS6/024727
"stop-the-worl d" capability. [000149] Stop-the-world
capability may be utilized to ensure atom c bl ock
. e of (53 3
previRE L s B TUL B IRt I RS S lRad oy
rqumBﬁﬂmmehﬁshthtd@eﬁhﬁ worl d capability nay al so be
utilized to ensure atom c bl ock execution even if the

[00@S6ln cADosieralveayBadiahdy B8s achémetdm@bnitsrahzaghdhatisization
ILn general, stop-the-world may be utilized in software

locaijgfe N oF Aidgask 6ne AaPedimE:, ﬁ@qhefwﬁp%ratwf‘othé%@ééwehaé{e a “foreign
updagges%glllaq‘fd V&R LPE k(‘haﬂhel,rg’(gﬁi %ﬂ%mbﬁ»ﬁwﬁlpﬁé é{fetrétg@lzas?%nas%ve to

| scussed above [see erm ne
the couditiessof the yednakie byinpewa ke aofeasﬁtl(me embodmoant,dEthei“bugys value

s il Gae BRI P TFPaE Eri”ﬂa’b%né%%'&%é}a% gper-

| V
e ERAAEL AL 08 SR Wt g O

noted lthau,cfouareslta’nmfveamhoﬂtmmimﬂa fanctiohalityl®8]d be implemented via

st op-t he- vi de sof t war.e
S e R R e R A AT
mechE@Im.) EMRl assdtiREd SROBhdAIRN o eBlASTARE Bbdpérdtive threads may cause
suspending all other coo eratlve threads durin

the cogperativaothresfls tngainémd epin llaskkor @herpvaitieg meep.cuntil the value at the

f 0 ol rrupt scenari os that
Syncgr&"zahonﬁé/"tapgggset lPﬁ‘&{%‘r’ o%(’g’{gessvg; ee904 [000151] The first

ar t hat may. be ut|I|ze .
100335 AL ettt dundSas by RS e wCREERE e tevel s sopuario
activieN aSESNRLI 'Phepédbg)bﬂiﬁse ti€ada hdyl thits bPdisRPtddOsndan interrupt
certai nmenory address for a foreign update, and to

hanc@@rneweheé whet} eangtiof tq@mm fo susehpripdesedend éma A
trap/excfegﬁo%n nter%%%% SdlnPZP oen s%ﬂgf%ct noc(?fqhé gc a%qu’i‘tteﬁ% may be

genc2@OMETRE hsg6cibiad G}rﬁélrruﬂfhh@ncﬂlelf Bhyg eause daé;&ramenmreads tﬁ&iﬂeck the
thus provide a nechanismfor, one thread.to interrup

syncarqm@@lﬁe locabem aRhnIRdoakn pleweis With ofhcy svaiting Bode h#lé?hezV@lue at
the sgﬁcﬂrﬁiﬁ'z%@ﬂ‘obﬁﬂmlbﬁ t“”&ig*' ying programm ng nmodel. This

ane scenario rray al e used so that a specul ative

[00@ 3 SES erw i uﬁ%ﬁ P%%de\gﬁlcrinet 0 alloS\xZ]éme ﬁ@g&?‘ io ggl%tlve threads

to oiseARShd sﬁmhtdmzl@ﬁsm BRen aid Spie exdcation,ehe {h@&ﬂltﬁ&]mfﬁhad the stop-
second scenario that may be utilized to i mp

the-weré camibengrgeyte the gtopue blogkAiGhe grd of the @@n%lé @W» the thread
maym?te Cﬁ[kdvﬁl?eet%%é erfcﬁroihﬁaja&i’ 8)%%21&1 $5RAT ﬁpé’b%lp@fau%ﬁﬁeads can

contr returns to-user co
continuapkecatiept i on/ i nterrupt handl er. The scenari o detects

[000159] Embodiments of the mechanisms disclosed herein may be implemented in
hardware, software, firmware, or a combination of such implementation approaches.
Embodiments of the invention may be implemented as computer programs executing on
programmable systems comprising at least one processor, a data storage system (including
volatile and non-volatile memory and/or storage elements), at least one input device, and
at least one output device. Program code may be applied to input data to perform the

functions described herein and generate output information. The output information may
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when a transition to ring-level 3 occurs and invokes a
user -1l evel handler. Such scenario basically allows for
w@2m3me0255€@vel handl er to be i nvoked whenever cPCIL/D81006/024727
returns to ringlevel 3 froma trap/exception/interrupt
handl er. This scenario allows a thread to check if its

coperative threads,are currentl tunni ng. _soft e
be appfied & oot prrE AR e At o 1B abItD B e R
appli&idnda PRREGM Jyst%ﬁﬁn@lﬁ@&eafn@tsyMémttﬁitQﬁgﬁ ph&dssor, such as, for
sy nchroni zed While a thread was in a handl er or was

exammm; agligital elgyalsmsmmr €0SP), eamiesrpnirpliar; a5 apglicHO9SPEciEC
ar i suspend al |l other
1nmgg%<géggﬁ?@gi;ﬁ g 118 Kw%§¥ a particular cooperative

{ L
10000y g Pleien g b%?raal@ e RRrdhte st L 1y
orient¥d! ﬂro@%m'ﬂﬁhg thnbhate t8 "c@rﬁin{uﬁﬁia’t/&ﬁiﬂﬁj a bﬁ)c@@su@ dyefenatiihe @rograms
manner of inplementing transactional execution w thout

may alh@badulplpmomad ihagsemblyecor snachine Jansyiago of desogd. 15 {apt.dhe

mech&glg@‘rg %ﬁc‘gfoga Ihg (%Tc'r{ 5% 5& l(i)lﬂi?tec( 5 %P]gea&)l a%lyé)artgclufacf lﬁ?oc‘gggmmmg

erern as

langREB.adiafi Bhge, thBQidpuagpmenbbesompileder intepreteddaiguage |t
may be a very desirable programm ng nodel to |et

[OO(Fi@i]t quh@ %?%é‘fﬁa& Be tsﬂ)?e&&[‘@ eBfagk PRidid hedeRideSe.g., BhiCdisk
code executes Wth the semantics that It is

drlveaﬂomycdlslsdnpe, trérel amby mrnmy(méMo,s@a RQMpdaviesy {lash memory

dev1<T%a$1|%§ca %?i&ﬁsrﬁgl?{]ﬂléi rr‘aa st%?al%%%%% ?ﬂ%a%a%)feelgga gglﬂsral or

speciaFhaPsse qﬁﬁ mhes]akovesink 6RAdh 5 Thd hethoi@isgaccupitde & a
and return- fronrhandler scenarios di scussed above can,

procqseoris @ Preqsssing FystEmPreYide larkeniigiing awdipReTabng thegprgerssing
systeﬁl Vpér{]ﬁletsmr%%%\ﬁlg B 8940 ?&%%ﬁe ﬁ{bc%sﬂfg st ﬂ‘gli)feg@ﬁn the

an agreed ne catlo
proce&iﬁl’r{shie@ct‘rltieathlemm Fhiteo dsmets Uﬁt;l'le\l\mvdnaomrﬂalymks‘p 'be\ca)hsideltd to be

the nenory Iocatron and may eck hat theprevi.ous
implemaprie de tarIRG-afedeblg SJOMmES TdiiRe lgvreééh D fgpcessing

t
e R TIOR8l 4 i e

in a spegificaveé pmdsﬁh@}mamm‘«r toopirfaom the rf@cgynﬂ:&nsgtmbfzﬁtqr@n
| ocati on. For at | east one enbodi nent, each
[000a62perfat ¢xamnpihofatt suely typawe pmcéésmgaiygtemrirs adhowtt in Fig. 7.

scenari o active in a channel that an_j nter .
Systw PPO erepenatated ?P&f-‘ﬁw %feﬁaqtiaﬁ%ia %ﬁl& PFPBWQ Pe?tﬂlé@
Pro, P Hﬁ’ﬁ@ ‘?I ?ﬁhﬁ‘tﬂn@qﬂ PaliAl® heanl ranenrIRdiiRemhe 11If the

els witten to the synchroni zati on
mlcrbproadzss«n‘ﬂ aviitebie frive IstebQarpomtioasaltheegh st syfsicses, (izpheling

rIeveI r enerated for all the
persqig i Pod Dt Ay e R AT ERGTsors EnEReITg W@ ahons, st-op
boxes and the like) may also be used. In one embodiment, sample system 900 may be
executing a version of the WINDOWS® operating system available from Microsoft
Corporation, although other operating systems and graphical user interfaces, for example,

may also be used.

[000163] Fig. 7 illustrates that a processing system 900 capable of performing
disclosed techniques may include a memory system 940 and a processor 904. Memory

system 940 may include a memory 902 as well as one or more on- or off-chip caches. For
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noted that, for an alternative enbodi nent, simlar
functionality could be inplenented via nessage passing

wo boooogpssea nenory i nterface, rather than via aPCT/US2006/024727
user-|level interrupt nmechanism) The associ ated event
handl ers for each of the cooperative threads may cause

t he cooperatiyv hr ead 0 LN kn
examp e BRI Yo aanmes onrde’s e GG o Ry e P ierdlon cache
944, synchroni zation | ocation is set back to "idle" val ue.

[ 000157] All cooperative threads may al so have a

[ooo'iﬁzgt UKk By sl $16m 1928 ShayStors HRRAEHShsBADiaK@/ok Batd b dsnel .
The cooperative threads may thus be djsrupted, and an
contrpHingrthaprerdtiomdifdhe proveskerdOAnhElre instmeqtions PEQ eidier daga 812 may

. ser-privil.ege |level fr a trap/excenti Qnlik

et ARt M el R RS AR Bl sy

940 i Rt@ded RS a FBYerEzedefRERhBEion DR easpandinad inodidera wpiety of
handl er may cause cooperative threads to check the

formsg 9fhmhm©m, saahi asrp hasd deive & RiR@N piardem agcesppeipory RAM,
ot her .wai t | K Al
oo RiabocbP sRREL ok AbD, G PRG Eoest H oy (SR AN, gt o

well ¥vietateicircuitgunded tinme, to allow time for all other
cooperative threads to observe the synchronization

[0008¥8Nt FaNT ifhdtatesaMAGH poBesséthsemdlidbatirdndiead 82 dThe
the stopthe- world can then execute the atom c bl ock.
front and OR@ maydnada fetchaand viceodsilogik, Fonimsiange e Her) epf Pee may
inclutghfo Iic:dalll 1r\1/c?e| gl?detn? é)&gn Pﬁ@ﬁ&{-g&hfe?tah@ 'ﬁaté:ﬁ)ﬁ)gw ) 18 Fetbhat

Y (OB EOR P GPIVE t hreads can conti nue execttion.

instn%dﬁi@ﬁ_é-ﬁﬂ]ea&mg@@kllmfﬁf:st, @flerfj ﬂheugiﬁl!hh amnilpis lefisd Ise@edcers may be
erein m t i , f o

ey cagey 06 LB ernced U T Blart, el e
inclulﬁér;giééé)?ri%ﬁ@gi(f 5ROt TRAL R8s, it dsINETRNKS R RIXCMT,

as conputer prograns executing on
TRNPIRIY badrou BRI irsmsciionpiessibed aboved. espomsin to receiving one of

o BASESR i r SR B e  Sg p R

that 288 th@ Bl Eord 830 EEperfitth tBb dbgRAtopeAE AU OpErations
devi ce. Program code may be applied Fo input data to

assoqeted oritin at heast enecmitwdimens o€ eadbestch insaeficare geidfertaakove in
out put. i pf of.nat i.on. t put inf ti b
connfs%ﬁix%h%%%gss&n I o0t devi ces: in known
shiqn. F r f. thi licati : i
10043580 o 267 s SR PhoEeR b mRyTSGhutaFiroRm g lstrated in Fig.
7, thPTRGEE8R enc GV EhcABrasdeRlat REATRY foxtBnsthdiibbointed Bad fetch logic

processor (DSP), a mcrocontroller, an ang)I i cation
320 Hpedivkad comexsgrlonewitbiat lastsonaSr te, asgpcigged architecture state for

i cr.oprocessor. . [.00016 The progr
mat PG RBRTEAL Thuld ke o P BRIy aep 500 need no
be symmetric. For example, two SMT sequencers for the same physical core 904 may

differ in the amount of architectural state information that they each maintain.

[000167] Thus, for at least one embodiment, the multi-sequencer system 900 is a
single-core processor 904 that supports concurrent multithreading. For such embodiment,
each sequencer is a logical processor having its own instruction next-instruction-pointer
and fetch logic 320 and its own architectural state information, although the same physical

processor core 304 executes all thread instructions. For such embodiment, the logical
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ori ented programm ng | anguage to communi cate with a
processi ng system The prograns may al so be

w0 ppleomsst ed | n assenbly or machi ne | anguage, PET/US2006/024727
desired. In fact, the nechani sns described herein are
not limted in scope to any particul ar progranmm ng

oot P B e B RB A T FeR buccs
of thé 519@1%%r&!éssﬂ>r %bl‘éﬁmd@ﬁteﬂ dﬁﬁor%%h@tﬁrér@lygaxecmﬁfgdhﬁaﬁd(
drive, oppy di sk drive, read only nmenory (ROV)

[0003&150246 é%gét G alfelBsile eaﬁeémeﬁ?yf e s;;s%ﬁ I9t)@h1mé&afeathh PR, 7 be

or other storage device) readab
basedjeme nallti-epregpectssdr (gagy p@,eprpcre@gné?@ﬁa}bm%rapgdon ?ég |2B}g Such a

i nstruction acce sible t S
systefy B B 0 ) S TR PG PP oo g R dfy (Db B Fie
2) thR§ Ezf&‘h' dAPablE Bf BlcRERSSA dififefens tHREAMMUCR thd ex@hamagﬁatmt a
or device is read by the processing systemto perform
portieweofighe diftvans threads andydecPrize g 4t themsssdime neashgrrogereor

o T TR S S B S 1
respabtil & thed 46 @8 $ibgdisysit efvrewaeli procesost:acaige a sivglethread, the

configured causes the roceSS|ngusysten1to eﬁﬁ te |g
fetchédegg@ecmflt %22a1mp1?m@am FiRgls neR e fftt?npwmslf i f5teh logic 320.
HOWE%C{TII ANt ?ﬁﬁéﬂt B NGLE! Pocegsgpgéﬁ%h ﬁﬁ@%@d QIntSRE the
ype of processing ysten1| shown |
fetchﬁieebm&f)mz ﬁnpiﬁpems distiadtinext- mﬁtnmtmnqmmtcrgatsl)fsmb fagic 320 for

based qn t he Pent n Pro ti [ .
cach DDA, PPt | PERGSTE TR oA S IERT Ui By rRpineer
and ﬂeEcﬁ%éﬁ@@Q@ il 4 pRcEdsBPOIRLR IS %’ By abt@bligsfin gip. nt el

Corporation, although other systens (including
[00(ﬁ%§]s ORGhi1E g&ﬂyﬁlg %nl%fdgﬁéntg 3y {H%g)r&te EihvElton Ry e B@éﬁﬂﬁﬁm and
engl neerin I ons op boxes and the |1ike)
desctibed, &l witl Heeobwied to thososiellehindbic am titat clsangps endsyedidivn@0B can

be mage P Rp TSP HABE LT UM oSt EPREB LTt Por AR EREIT AT o
skill ?% hl%farmﬁméég%gze%mtcﬁaﬁgeé RAd SHoAta68hs H8e rhz!iﬂeaﬁftlﬂﬁﬁs

r exanpl e, ay al so be used. [000163] Fig.
deparﬂmgmmah@mesematnvanmome§slnrafgies 981391131 npap@ﬁﬂ Qaigfs are to

erfor di scl osed te |nclu
encolernitengnahirons i SuateiRe iR mEkroey R T RRh e we
mmpb%@h%@ﬁa%nﬁﬁvgﬂquOz as wel | as one or nore on- or
ff-chip caches. Forexanple, nenory system 940 may
|nclude a data cache 942 and/or an instruction cache
944. [000164] Menory system 940 may store instructions
910 and/or data 912 for
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controlling the operation of the processor 904. The
instructions 910 and/or data 912 may include code for

w@Eee7oeassng any or all of the techniques di SCUBGETS2006/024727

herein. Menory system 940 is intended as a generalized
representation of nenory and may include a variety of
fornms of nenory, such as a hard drive, CD-ROM random

Whajdceeignaddpory (RAM), dynani ¢ random access nenory

(DRAM, static random access nenory (SRAM, etc, as
el | as Aebppaatusiconprising: [ 000165] Fig. 7 illustrates
that the processor 904 may include a front end 920.
The plurality «fnidke&P0nitety conairted ey tedctte apldralier ofidrdadgi end
For instance, the front end 920 may include logically
| NndepanelsMuffeeitbrach sfdais bloRNdRPTo aSherAGY Widhe GiksthueEbe
320 to fetch instructions for each thread context,
garntered GyHNE keeortipt phiratpwiy blatk ekigsieurtions farmypaptiécular one of
| t L.2 Single physical fetch/decode unit
1§gghﬁ$ﬁ20?gygﬂ¥decode unit 322 may include decoder
| ogi,c to,.,decode i,nstructions, .suc s the T SET
TR " CEAREERRYY Mﬁ%&?to‘ﬁﬁﬁ&fﬁk 17 R%fF Pﬁ%P?rélﬁEeng'%\%%E P gt
ReEYEarcIRESRANEAY & dfinb€ 6EthY kdiieBB® BRndd¥® of each instruction of the
Instructions, the decode |ogic nmay send one or nore
ypirdhlack. o an execution core 930 that causes the
execution core 930 to performthe desired operation.
2.Qper at iTbasppasus pAClimvli, finthet corepidtingine enbodi nent  of
each such instruction are set forth above in
conreatrolatoragd fred Whosh comiteshisd may bé ujdadderedponsive @04 Gedr-level
For an SMI enbodi pept of the nulti-sequencer system
RegramugE dRskuelon 1y tﬁ‘? gartigulag theeader i » sequencer
enconpasses at |east the next-instruction-pointer and
3-et ch | dgeappeatus of Cloimps whareibnt ext, al ong with at
| east some of the associated architecture state for
t héhe eontengsooisheicentiol storagslataal ade toecomtrobehethear the eemory-write
%%q%znﬁerﬁ)q{@&@ssww iys m 900 need not be symetric.

5% ﬁﬁ £e RV eﬁcﬁﬁ?ﬂ%é L% he sane physi cal

ore 904 may differ in the ampunt of architectura
‘gt ate i ?Fﬂ%raﬁ%‘irfi@ﬁ Ofﬁkﬂmtzht‘é@e@g&h mai ntain. [ 000167]
Thus, for at |east one enbodj nent, the nulti-sequencer
sy svEhsamtol sterage areads e regste that decdudesong @y moggields to hold a

s concurrent multithreadi ng. For such

%ﬁ%ggﬁhbnt, each sequencer is a |ogical processor
hayj . [ 1RSI ion ne i ruct i.on- peint.e
andt Py P GeT8 hBBEe 4P hoREdimt Rl IR WP B lher to sore
thehnhioryivaite dafatih tHegherh O RIERE stoitgs iataal (H) MIRERS &F resélthe
304 executes all thread_ instructions. For such
BHBET bR storags aresy prdi( ) PSS By bypassiba megnqry Sufifstorage area

MEiskom @fitetJiFecﬁ{rFJ‘é fn%ﬁfo&‘;;.e state, although execution
rces

resou

5. The apparatus of Claim 1, further comprising:

a memory address storage area to maintain the address of a memory read

instruction encountered during execution of the atomic block.

6. The apparatus of Claim 1, further comprising:
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of the single processor core may be shared anong

concurrent|y-executing threads. [000168] At |east one
w@bkdoenoaso ve enbodi ment of the system 900 il | uBCT/ESMd6/024727

in Fig. 7 be based on a nulti-core processor (see,

.e.g., processor 200 illustrated in Fig. 2). Such a

sy [ t i.cal

o SRl b o i Bl OB BT RR DR Yol ea g
maabrycapabl e of executing a different thread such that
execution of at |east portions of the different

1.hr eads ThB YpHRatQH GOCAEN B whBRirSaI®]okid 8 pekfafifl an atomic update
processor includes a physically independent fetch uni
igfurtheptqiet ch i nstruction information for its
respective thread. In an enbodi nent where each

pr pederspan avmictpdteaody nifhe atomiehiwck hhecdnaleted dreuitien
Suni tS éﬁz i mpl enents a single next-instruction-pointer
Ana T et ¢h | ogi c 320. However, in an enbodi nent where

Fot ol dABBARAMI DROBIT AplEWEht GO Nt

next -i nstruction-pointer and fetch [ ogic 320 for each

suppesrasiblerftatategae et Whesrconmnitoisdects athgther Bre atomic block
B [ Fon-pointer and fetch logic

I%g%h%ﬁqgﬁéF%%é%@ggﬁé%gﬁ%g denoted by dotted lines in

Fig. 7. [000169] Wile particular enbodi ments of the

present invention have been shown and described, it

i1l be  obvioys to those skilled in the art that

%mangesA&ﬁﬁmﬂ@d¥Wﬁ%ﬁngns can be made wit hout

departing fromthe scope of the appended cl ai ns. i

AcBBTCHITG P jeled e mstrudlian quring exeraitigh by @inrpoess of Aitigsactional

t0a!oGRARREASHANG SFRAIkdeahicplSgan be made w thout

departing fromt present 1 nvention in its broader

as - l.al t S. WM thi

¢ ot Snipl et RS o BB B B FLR BEutb B thaary of

thakdleated fstiudtioa. t r ue scope of the present

invention. Wat is clained is: 1. An apparatus,

1©ONPr i STAE methddl dficBlimtcy figthet BSBBEsiHGI tS tO

concurrently execute a plurality of threads; and a

e R il 45 orSdxRERRR vﬁ{i%ﬁiﬁtaﬁ{iﬁ’% ﬁregﬁE Brdhbcted SBRGLY the

wite instruction encountered durfhg execution of an

teaneantiondlbdedk. of i nstructions for a particul ar one of

the plurality of threads; wherein the nmenory buffer

storage area is part of a persistent state such that

preci se architected state is defined at the retirenent

lnpoundar Thetega@vfichshroy Girthen cathpiidigg:at om ¢ bl ock.

performing single-stepping of the transactional block instructions while

maintaining precise architected state for the transactional block.

12. A method, comprising:

buffering local memory writes during execution of an atomic block, where said

buffering is performed responsive to a first user-level programming instruction;

monitoring for a failure during execution of the atomic block;
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WO e®pomssve to a user-| evel

2. The apparatus of Claim1, further conprising: a
control storage area whose contents may be updated
progranmm ng i nstr uRCT/OB20061024727
the particular thread. 3. The apparatus of C aim 2,
wherein: the contents of the control storage area are
to . .
st ‘gﬁ(ﬂ%ﬁ IE% 5 Pﬁ@%}@%‘ﬁ@ﬁg&%@ g?xraﬁf oi“’g;%éagu&%&hﬁgse egqjﬁo% of the
apprrtdésks of Cl aim 2, vvherel n: said control storage
area is a register that includes one or nore fields to
hohfidaisinattBe Wafféred lozal Membat CrikdbyerbBtennsthie Aufin® Andling of
or nore of the follow ng states: (a) whether to store
the FaprenefopPii@t e data in the menory buffer storage
area, (b) whether to reset the nenory buffer storage
ar mpmmgiexeet)timnftth@atomc blpplasierthaadimgitie px¢aptiba or nterrupt;
storage area and instead wite directly to a nenory.

The apparatus of Claim1, further conprising: a

me dresstoaeareato i ntain t dress of.

?fﬁﬁ%w N AP AN RO A RRte ﬂzﬁm'}ﬁ@gcg REREEY BHtes,
lz%e& Wwﬁét%? e PAiRE&hayccdi&d. appar at us of O aim1,

further conprising:logic to performan atom c update
fromthe nenory buffer storage area to a nenory. 7.
The apparatus of Claim6, wherein said logic to

erfor i |s f.urther to: perform an
atom cm[gag}e gncfcfdg i%e VTN ¢ bl ock has conpl et ed
execHtl on success uI Ia/ The aLg @ ys of Claim
f uPPRSIOTLEHPE 15K trseensiyedp guseislexg %Ogﬁm%méﬂ%{m
tﬁaqﬁ&ica:tem BiYor s@RhhRs ki MRRIANS dlRss Rt emxﬁex%lﬁc k has

led to be successfully executed. 9. A net

conpr|3|ng executing a selected instruction durlng
execution by a processor of a transactional block of

1415t T Vet 0RGoldh Gt CRAFH, ¥t T ead; and

wherein said trigger scenario further comprises a change in the value of one or

more status bits.

15. The method of Claim 14, wherein:

wherein said one or more status bits are specified by a mask associated with the

user-level programming instruction.

16. A method, comprising:
concurrently executing a plurality of cooperative threads;

suspending execution of all but a first one of the cooperative threads in order to

allow the first thread to execute a block of instructions atomically;

wherein said suspending is triggered by action of the first thread to invoke a

hardware mechanism; and
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mai ntai ni ng precise architected state of the processor

at the execution boundary of the selected instruction.
wageo7bessoret hod of claim9, further conprisi ngPCT/US2006/024727

servicing a trap or exception while maintaining

precise architected state for the transactional bl ock.

por o mata Bk PoorklAivEieads e e A TREcAT bt gmplpicd romic

axnsntranatﬂtlmmlslovmofmstmmtmhal ni ng precise architected

state for the transactional block. 12. A nethod,

conprising: buffering |ocal nenory wites during

execution of an atom c bl ock, where said buffering is

Irer f or mrde HRHRRAINTICISInt 06, Qvlfekélﬁt user -1 evel programmi ng
instruction; nonitoring for a failure during execution

of sa{la Q@R Lrill @eddk@kdvale o ﬁérd@vapé)&eél?ahﬁsﬂ{ further com}%rll]sgs

condition, a trap or exception during execution of
vatitoig EPEPdﬁﬂnpd weluptaa specificdmeerhbufyflecagidnl ocal nenory
wites as persistent state during handling of the trap
or exception; resum ng execution of the atom c bl ock
after handling the exception or interrupt; and

el ect i vaé mepRdf FQTHIAY] ARvIREGA ¢ menory update of the
buffered nenory wites, based on whether the failure

hag,i@cedpeh@fly 1511%rtha—ﬂﬁg?& @99 aRint&dr@it %bﬂé’rate%@ﬁ%éﬁlt of said

said nmonitorin responsi ve
agtien of éweﬁrstpihmgd as:mh thgt amt swspcttdmgnStahhnevedqmthmtemllmg, by the

P prsgt et 2 hemeantd Serrvl S totner of n

wherein said trigger scenario further conprises a
change in the value of one or nore status bits. 15.
The nethod of O aim 14, wherein: wherein said one or
IPore st Eb@@e@aquof@@nsb@mer% by a mask associ at ed

with the user-Ievel programmng instruction.
said method is performed by a multi-threaded processor that includes hardware to

support transactional execution.
20. The method of Claim 19, wherein:

said hardware includes a storage area to buffer memory writes of an atomic block.
21. The method of Claim 19, wherein:

said hardware includes a storage area to maintain addresses of memory reads of an

atomic block.

22, The apparatus of Claim 1, wherein:

each said thread unit further comprises decode logic to receive and decode a user-

level transactional execution instruction.

23, The apparatus of Claim 22, wherein:
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16. A nmethod, conprising: concurrently executing a

plurality of cooperative threads; suspending execution
w@Rooakb2sbut a first one of the cooperative threadESions/024727

order to allow the first thread to execute a bl ock of

instructions atomcally; wherein said suspending is

tr E%Q 95@0‘21(393 186 fufReh é&%/efdnd%te%%c{y e\?s%r-ie(?/e ﬁX&Iﬁ:edezi‘narcatlon

vare rrechani sm and resum ng er cooperat|

1nhnaads.after the first thread has conpl eted atonlc

execution of the block of instructions. 17. The met hod

of Claim 16, wherein: said action of a first thread to

i nvoke a hardware nechani sm further conprises witing

2, pre-dehp aﬁﬁra&a&, HECIfn22SWR&GEMH: €d menory | ocati on.
18. The nethod of Claim 17, wherein: said suspending

S | t
| o0 1 SO B4 LR BAAR! Bl o rad
temsattiouspeusdi ng i s achi eved without polli ng, by the

ot her cooperative threads, of the specified nenory

| ocation. 19. The nethod of O aim 16, wherein: said
nmethod is perfornmed by a nulti-threaded processor that

asncl udeqhgaﬁmgofglaﬁﬁng\g,hertaﬁlansact| onal execution.
20. The nethod of O 'aim 19, wherein: said hardware

| ngliy %f?dgéigle Esaﬁﬁhﬁx; 6 ﬁ%ﬁeﬁveg‘“g;d%%my lé%m}]ﬁq%u&lfon%‘ enable

atom c aim19 erein:

teaps duting taesaetionat Exmteiora st or age area to nmintain
addresses of nenory reads of an atom c bl ock. 22. The
apparatus of Claim1l, wherein: each said thread unit
further conprises decode logic to receive and decode a

asser | eve‘heb?@?&agbf@mah 2QX@ﬁ¢ft31non instruction. 23. The
apparatus of Caim 22 wher ei n: sai d decode | ogic is

f UE4iB@BcddR 1686 & MRh&NE rSRFRIBJFHER & BN févefiitn%&lon to
demarcation instruction. 24. The apparatus of Caim

meeformiag raeormp memory update.

27. The apparatus of Claim 5, further comprising:

logic to determine whether another of the plurality of threads has written to the
address of the memory read instruction during the particular thread’s execution of the

atomic block.

28. The apparatus of Claim 5, further comprising:

a user-visible mechanism to control whether the memory-read address is to be

stored in the second storage area.

29. The apparatus of Claim 28, wherein said user-visible mechanism further

comprises:

a storage area whose contents may be updated responsive to a user-level

programming instruction.
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WQ@2007/0bess@ppar at us of C aim 22, wherein:

sai d decode logic is further to receive and decode a
user-level instruction to read a transacti on st at us.

logic is further to receive and decode a user-|evel
instruction to enable traps during transactiona
execution. 26. The apparatus of Caim 22, wherein:
said decode logic is further to receive and decode a

ser-leyel instruction to performan atorm no.

3ti'pdat e. T@QPWW@%R;Q?IS% SRR g1rﬂ"il"érf“lal‘tfy ttﬁrg?&um‘isyﬁlrther
conpri sifghide0gi ¢ to determ ne whether another of the
plurality of threads has witten to the address of the
ne j ion during the particular thread' s
eiggﬁ*?%ﬁgg?b?ﬁéatﬁéﬁﬁc bl ock. 28. The apparatus of
Caimb5, further conprising: a user- visible nmechanism
to control whether the nmenory-read address is to be

331t ai BRAPPAG B ol DR soorral AR afy Aiter

furtherg ises: a storage area whose contents may
be updated responsive to a user-level progranmm ng

! nac‘ﬁﬁlréiﬁ%/gfq%oﬁgal 10€eRPRALRL A ith 8inBlelpro¥hissr®bofe. Sai d
plural1ty of “thread units further conprise: a
plurality of processor cores. 31. The apparatus of
Claim1, wherein said plurality of thread units

urther_co i Se:; plyrality of |ogical processors
3gssoci a?ﬁ%l%htoaoéci?lﬁ‘gﬁw&%%%ssor core. 32. The

met hod of Clajim 16, wherein: said suspenging.i .
] SHSBERdRS 1 abigalrdan FSPUNG 48R IF BTl SR Y g bsiruction.
instruction. 33. An system conprising: a nenory to

store software instructions for a plurality of

t hr eads; _
33. An system, comprising:

a memory to store software instructions for a plurality of threads;
a plurality of thread units to concurrently execute the plurality of threads; and

a memory buffer storage area to store data for a memory write instruction

encountered during execution of an atomic block of instructions for a particular one of

the plurality of threads;

wherein the memory buffer storage area is part of a persistent state such that

precise architected state is defined at the retirement boundary of each instruction of the

atomic block.

34, The system of Claim 33, wherein:
said memory is a DRAM.
35. The system of Claim 33, further comprising:
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a plurality of thread units to concurrently execute

the plurality of threads; and a nenory buffer storage
W@e®@a/002356t ore data for a menory wite instruck@€DOS2006/024727

encountered during execution of an atom c bl ock of

instructions for a particular one of the plurality of

t hr eads:; rein_the menory ffer j
ot ey TS et e ool b ey A8 sefa
i@ biidie&icetnticdldRring edafutiog df thie atdigicbddakt ement
boundary of each instruction of the atom c bl ock. 34.
The system of Claim 33, wherein: said nenory is a
DRAM 35. The system of Caim 33, further conprising:a
3genory 'f‘ﬁiéjgéﬁ 1 5f €128H93 3 ffel Quiftsitedi N the address of
a menory read i nstruction encountered during execution
of th tom ¢ t ' ! g
s Fup bt SR s et R PN rpBhifyotha user-leve
peShemise isudRnupdeal Retidudaprsd.ve to a user-|evel
programm ng instruction in the particular thread. 37.
The system of Claim 33, wherein: the contents of the
control storage area are to control whether a trap nay
e take L lyr dition during execution
321‘ t he 2?%%8261‘12?2%{?%33’ @}'Il'%gﬁéyst em of O aim 33,
whgr.ei n. sali [ r i
oo R7 h foLSRE MR IS OB By e rkon
10 ak hans dailure oahditue Gutingoexetwtsdnr afthé aomic block.

38. The system of Claim 33, wherein:

each said thread unit further comprises decode logic to receive and decode a user-

level transactional execution instruction.
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