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Here, as threads arrive at the Barrier() call, they pause-(either spinning or blocking)
until all threads have arrived, at which point all threads are released to being Work2(). Note
that synchronization barriers should be able to be reused: it must be possible for each thread
to call Barrier() again on the same structure after completing Work2().

These primitives are frequently used in scientific and mathematic computing and
other highly parallel workloads. In systems where there are not synchronization barrier
primitives, developers who require this functionality are forced to implement their own
barriers. This leads to duplicated work and sometimes incorrect code. Further, this is an
area where value can be added by building a synchronization barrier which is not only fast,

but better supports real-world usage by efficiently handling the deletion of the barrier.
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A blocking local sense barrier is further described with reference to the accompanying
drawings in which:

Figure 1 is a chart illustrating threads arriving at and leaving a synchronization
barrier at various points in time;

Figure 2 is a flow chart illustrating a process according to a sense-reversing

centralized barrier;
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leaving a synchronization barrier at various points in time._Shown is a timeline 5, the

synchronization barrier (barrier) 7, and first thread 9, second thread 11 and third thread 13.

The chart is only an example to demonstrate graphically what occurs at a barrier and thus
items such as the number of threads and time intervals, for example, are not to scale and can
vary widely.

At T1, the first thread 9 has arrived at the barrier 7 and is waiting or spinning at the
barrier 7 until all the other threads have arrived. At T2, the second thread 11 is shown about
to arrive while the first thread 9 s still waiting at the barrier 7. At-T3, both the first thread 9

and the second thread 11 are shown waiting while the third thread 13 is about to arrive. At
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fetch and decrement (&count) = 1
count := P
sense := local sense

// last processor toggles global sense
else
repeat until sense = local sense

The barrier shown above and in Fig. 2 uses a global count variable to store the
number of threads which have yet to reach the barrier and a sense bit which is toggled once

per rendezvous to signal that all threads have arrived and may continue on. Threads store
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LOGICAL Barrier (PBARRIER Barrier)
{
ULONG LocalSense, CapturedValue;

CapturedvValue = InterlockedDecrement (
&Barrier~->Barrier) ;
LocalSense = ({~CapturedvValue) & SENSE_BIT);
if ((Capturedvalue.& (~SENSE BIT)) == 0) {
Barrier->Barrier = -
LocalSense | Barrier->TotalProcessors;
return TRUE;
}

while ((Barrier~>Barrier & SENSE_BIT) != LocalSense) {
}
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Referring next to Fig. 3, shown is a flow chart illustrating a process according to a

}

local sense synchronization barrier supporting safe deletion of a barrier. Supporting the
deletion semantic is an area where value may be added for customers beyond just
performance. One reason providing such support may become difficult is that one needs to
know that all threads have left the barrier before it can be reclaimed. With the barrier
examples above, this.is impossible because a thread which has left the barrier cannot be
distinguished from and a thread which was preempted while spinning on Barrier->Barrier. If
the thread was suspended during its spin and the barrier was reclaimed before it got a chance
to run, when it awoke and tried to examine the value of Barrier->Barrier, that memory might
be freed or used for something else, thus accessing it is unsafe. In strict POSIX compliant
and other known implementations, if delete is called while a thread is still in the barrier, the
results are undefined. This forces developers to use some wrapper synchrbnization around

* the barrier in order to know when threads have left the barrier and it is safe to delete.

To support safe deletion of a barrier, the process makes sure that the last operation a
thread performs on a barrier is a write. If the last operation is a read, as in the above code,
there is no indication of when the thread has left the barrier. To make the last operation on a
barrier a write, the process above is modified. A TotalProcessors field is used as a count of

threads which have left the Barrier. After a thread arrives 33 at the barrier, if it is the last
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i ncrenents 45 the Tot al Processors fi el
struera desgrihgd abgve Aotiffnatienievientst ise Miggnsofp Méndqwsr&aaxc@tmgl Fystem
t
spe&h?é gg ﬁlt Eeﬂx‘rftgég glgeZt fs fgé eg/a lfblé (ﬁ?dcﬁtxerﬂf)?atfoég é\b{(]iQE S are avall?]ble
for pse in freplpmentationros th synphlrcmaaammbatnamd disbassed herein as well

Total P Lneren t acc ingly as

Ao PR M SALRE bPOkRE [T Nl 62 TS i S0
rendszomisn Fhis hepariduddriyrbothesome in thb caa d\&lexjeahen@ﬂielt ltas ke barriers

barri er .an ounting the {11 gi]\}gr Jhreads.vvhi h have
corént Acppradiigdp JHE Bevighy assu S APPSO SR e
bloﬂ@[g be thisatlerf miist Pt the bet atiseckidpeuppoiasy @f ndt ke artss dost is

eede drﬁh he .| ast, thread reset.s the count.
Temgyy ?%‘8 nl?et spinsonly, gasp By psing pnindicatipn ie, Q%‘PF“%“PFeW]b%]P‘?T |aé1?readalﬁ l.
blocking.
After a thread arrives 51, it is determined whether it is the last thread to arrive 53. If

it is the last thread to arrive 55, it resets the previous event 57, sets the TotalProcessors and
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ot her threads nust have left the previous rendezvous
(because they have arrived at the current rendezvous),

war@7o®oshey each nust have increnented the copPeit/USAhem7177
the last thread arrives, Total Processors has been

i.ncr enegnt e nce b ach thread, and thus stor.es the .
Barfig Ve Bl e e A esS P B e g 21§ Tk Opamined
whehdelid hgidator mgfemm thiread i§| lklgcldi@ﬁtas béunesh 19y bi«;ivrws threads

.once .t ens | | to ed, the other threads are
as 153?8@#@536@&5-5@9’ 'i*ﬁ@ﬁ 3?%%&?% g Sgt freteafplh Blepling veaifgrs 65
If n6Rheh eheomBR@Mer@ i not 56 td felechse ANMIRETRWAitER coBke sure

th Barrier->Tot al Processors is appropriately set.
bertbite %hrs@delag?ﬁbe feptdo giriver Lt thrcadurpin fopgontseinisr BByRiting for the

lastGReAd toSriiRW3SaHd8vie tﬁeﬁﬁi@&ﬂ@ﬁtbloch%,aﬂi%ee)&ﬁﬁfé the indication of
Tot al Processor s %et s increnented back to P, th

this
whethrtiadhyeackis hlocking heschesn sh 72 1 direrindipation af Whetherarflreadisiblocking
hasG@ bR sét 99, théy Rbihe BRAGLSA 80toNRtLatd fﬂaﬁhglast“ihre?&;ﬁ‘gﬁi\}e%@t set

flow chart illustrating a process according
the gyesé - nigthexyvizeh the Andieatipw is nebset Bbr Thettheckinigghyeadthen looks back at

Nl N
beea faggled 91 dhe thaetd deireteaserd98. Baescabedsibous therlest st beite 55

" Ef ] ' o f.t. W nd
RN 5 HEFAAGR, B DL e B MR o
set b hisetting the avent ba Hltke indicaiidndins pdea tsét@iS miVidndlistppacessathe kernel is

vai l.able for uyse.in.j e tation th .
ma8 R sh ool Buak PRl NI eineC e doatob i o spin case
On d{eﬁefrﬁbg lﬁclmt Wi IFib. 5 dibwigis bgl@wldhmg iliu_Si_trlzle!:tﬁhg_fa pirdcemg&rlafﬁ@lto the
ernel calls to every .rendezvous. s I.s partircularly

blogiﬂ%%P%%Z%“ﬁn@wglef:%éé%@%a ﬁﬁﬁer@&rlm&aﬂ%sg%@aﬁ
optidfdtioR kSkeep tHe@tddidhg@aedhh Bldatin@ thd16piPéaRY,1 Bk fadication of whether
assunmptions. Al threads are spi

1 nni ng and none are
a thigag dylpriing fs potiopated anfiks thepad peegs ip Wik d thregl ngscl &xblagk 75,

a cliRHP Rdde kd@terfiind\Iletités fre iddiafioff OB hdifer b SBHES bloBkihH Bas been
spi n-only case by using an indication to determ ne

cresibitdf 1t S voehan ahestige licergied 8Pt &husacalvrscip v sk do not
havedo spehd g réi?%x‘é‘és{?b e&%&gﬁ&% ﬁ'{ﬁ{ecésﬁarﬂl ﬁlgtcaﬁoﬂsast thread to

arrive ) I is the last thread to arrive 55, it

r e rafegring pexs fekis ol shaweia e bBTK diggtam representingdPexenpRsor s

conﬁéﬁ@é&&kc@sui‘f@d’lé‘ I%p h&si{l 'géhgttuggmp ﬁtﬁ :ingﬁl?%érﬁfﬁgteﬂ{lg erfrcﬁ%egseea described

se spinni ng wal
abowh etdfFigsh through Sasyndmonidatiombartiens. Bortdxampld, the civhmadei ng

exeguzﬁbég %gtli‘]lll i%%slsot%attlc%ér}? %%ﬁﬂ:[éee }é/riﬁge%%ﬁ :agcégxgﬁ?dﬁa@r igyil{:fljrggi%tgo%%grriers
may skidasel/al He ekéaneddiinguohaicompstifgenvikdnnieat as shben id Fig. 6. The
cur.rent . event is n set. to rel ease. al L. hl ocki n .
confif pEPEIGLT rpnie 302 Pe P e Tee SePafife gayironment
andAd nottiktereizd $o Sughest fiS/1iBi@®n btolkd/abpe\etiusé BEfuhQ@lonklRg of the
invegiggscOgter sl 5 SO g e HORBPELIRP b fgrpreted a5 hiving any

dependency or requirement relating to any one or combination of components illustrated in
the exemplary operating environment 220.

Aspects of the invention are operational with numefous other general purpose or
special purpose computing system environments or configurations. Examples of well known

computing systems, environments, and/or configurations that may be suitable for use with the
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whether a thread is blocking has been set 77. If the

i ndi cation of whether a thread is bl ocking has not
whe@n/ose®s2 79, they set the indication 8 1 to iPdi/U81006/027177

that the | ast thread to arrive nmust set the event 65.

O her w th [ '
oo RSB B 5k DS BB e o AB Ao B
laptdpSde$icés, fntuu{]prdc@ggi Seteihs, mi‘ﬂﬂalptcﬁessor-ﬂah@i wyviems, s§%op béxes,he
sense bi as been the th
progeggmakle %Pé‘%‘&‘ﬂ‘?rBE&“%%ggw?‘%g%ila‘E{mcg’ﬁ‘rp%{egs ?‘o “gff‘{“gv“'g‘ﬁ >
dlstrﬁfﬁgawc@l@rpﬁtﬂ% QiGN datstthdr Shclude anyc btk sbotvé ey semdhi T devicas, apfl the

| ther a thread is blocking has been set 61, setting
lkethe event 65 if the indication has been set 65. Wth

t hisgdRfsQF BRSnvehtibn ﬂﬁ? B@ﬁnﬂ@ndﬁ&den the gSl&trdlrceﬁteXt oévmputer-
call's only if threads are b

exeqytahle lnaﬁr@cwwuefawms@rléwdﬂ?@%ﬁ’é‘ﬁ X?C&}teg iy 2 °8mpgtﬁro%, enerelly,

VIR udd dobieds! el Aath Biguchaed, bie. th
oy RMEPB A AR 0 G potac Ol s ms e o

perfoun Pm ayasknprAmplesient praticyler F‘WCté]ﬁ‘lalt}ﬁGE aﬁ?ﬂﬁqtspgafé%vﬁmwn
may. ahsg) a%ﬁ&&lq? GR %uﬁeﬁ%%{?ﬁtﬁ@ehﬂ%nhﬁﬁts et t6:5kS @re felfBrmed by

|on 0 er a thread is blocking is nat
remote rpatcesjmrgrdbwbesethat laredindtedtheqngh p gopmyaiRations DeWor: da g

e
o Bhbing TR 08 OB
rembiesolnpattr srmsregdm@ﬂxaﬁmluﬂmg mnomstorggm@vgﬁm ndication is
f (rﬁ@;%%ag S}’thl%‘l fof Ile eﬁtﬁég'%g{b?sv @t OGHiof hollfies A1g8h8ral

ourc e these unnecessary
pur%dﬂ@l b@ﬂ;suuag devitiaihatier ﬁomj; ofweottmputer B4 g C@npashatanal ¢osnpa1ter 241 may

TGk S TR LR i s
2211 tﬁﬁ? b&fﬁié%:\ﬂﬁﬁéhsts ﬁelﬁ rc@rﬁpcﬁr&ﬁls irtrlingi thl@si/s’ahmanenyrdo the processing
r
it ghe SRR AR P BRat e b DR ot PGk e Prlagine 2
meﬁsa%?ﬁ? gﬁ?;&{)}?f cBﬁtgﬂﬁﬁ ; 9§eripteehl BB, Barkslobalbus using any of a variety of
ation barrier
busiE eSO MBI AR Do (A0S SIS ep e Ity
Staa-cﬂl?d é’({pﬁrg GSAY 5&58 MI%\Chﬁmth&ﬁ}e (B0 loyis, Phkanced ISA
a suitable Conputl ng envi ronn'? t a nOlt
(EISA) @ﬁd‘étﬁleo Blestigrjesstiangiifls KyssActatien OEHY les F %‘g%%
Co@ﬁ&eg{ Infe%ﬁhéc? I} bk 85 khbn hoVvieAkhiA8 budNei t her sho U| d

ronment 220 be interpreted as havin

anycmmmém Qsplqaﬂy insbpdes &yasigly of éplat"ﬂt?rge%déblﬁﬁ?ﬁd% Eogputer
nat i on.
reof B BT Y SRR a0, hikeEbe ELEped ) Sotpuls B’ Y
mcaﬂes lﬁn}ﬂev(ﬂﬁtﬂemai nonvolhtila mvdlaommomulﬁaandg‘@ng@mpvablffrmdgae Byr way
os ut |

ﬁ\pi g%ﬂ‘ja& t Wétgtu%z &« uéeg 9ea§¥bslé ﬁ@hg kﬁ&ggﬁ%hct%lmﬁgter storage
megwé‘ah@ B Emmeivition nrednt Conmotit storagomedig inchidesbath volatile pad/
o o S SEe BT ) BB
foriansle e iforafatibRRicRRs eeiutd Scadable Irismtdmoms dain stswuresmrooram

m croprocessor-based syste
modules orpother data. Computer storage m%a 1ncﬁ1des gl?t is ncgﬁmhted to, RAM, ROM,
EEPROM, flash memory or other memory technology, CD-ROM digital versatile disks
(DVD) or other optical disk storage, magnetic cassettes, magnetic tape, magnetic disk storage

or other magnetic storage devices, or any other medium which can be used to store the
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programmabl e consuner el ectronics, network PCs,
m ni conput ers, nai nfrane conputers, distributed
W@ op09082y envi ronnents that include any of theCHDS2006/027177
systens or devices, and the |ike. Aspects of the
[ nt ext. of
desly R T i AR T B tnbokel B4 QG iR e
typmidwdrﬂmdleb eomg,xtemeaﬂable mhshyct@n@, daqals&mture@n@ra’mh hypdules or other

oo R DS A e AP PS5
inc]pwstany ilfartnations Kﬁlvelry rhetid. eFfeérmpaidduitedalataabsblr &hﬁ-‘danﬂea&@al

t th tion so be practic
thaf O G BT B Dmbston S POE N BB iy £ncas
infqpeedicr inee snal. BYDWEY HREAPIS, 4id ndﬂﬂhﬁa@l%ntddﬂﬁmﬁh[o@tléﬂ nkas

rou aco nlcatl ns n r Ln a distributed
mcl&%‘%»?aﬂf’qq mﬁjmﬁ% Pmﬁﬁr%&aﬁ%gowav%aqdd@aleéamedla
such Bs &0tidlic| RE, ahfréiékﬁarfdﬁﬂlwr Gvn@léﬁmﬁécﬁé @(SIﬁ’&lﬁﬁﬂm@TEfjth@any of the
i ncl udi ng meno stora e devi ces. exenpl ary system

abOff%thPWaIS@rPéﬁ%qlv%d "sSC@Pe ?ﬁf@mpﬁ%ﬁ»@%ﬂ? medid.udes a

g e NBfe 3y stéil! FrRAD mrmélﬁdeg gorgﬁ)félfs?orég@ rﬁé@i@a 1§1 e Tofth otavolatlle
onput er 241. nponent s of conputer may i ncl ude,

andﬁu pow@tlmem@%w@oﬁsmd oalygn@n@s ERAYD @m and@adonpaccess
meRYSt ﬁﬁl\/ﬂ‘%@r X B&éin nﬁﬁﬂ%t@lﬁ?@éﬂ? g%lpﬁﬁOgﬁ loﬂ‘tﬁﬂﬁ ‘fﬁ%}l‘lﬂgl@ ?outmes

various ‘syst em conponen e sy SU8
thatthslptta éramf@o@fgsnat@n dvnﬁweemagmeﬁrmutlmysvmmtbm%IZMh aag]rurhng start-
I t Lncl
ey N .
moqulctSdhﬁi larelionsned gk atygacaengiblef to and/ar preseytlyobeidgsperated on by processing

h t t
B8 S4B Ll AR o A A4
applimtlbn pegtantse26) @i pbagsam Modlliles Iamedrogiding ldafa08.Ur €
bus,. Vi deo El éCt roni cs

( bus anced |.SA (El SA
s%gP%Bﬁtﬁ4ﬁava§tﬁq%ﬁnil SHjer %%Oaﬁblfmgn-r%a Er i pher al
volmmvelatﬂelcampmemmgd médPA By Wep oBexaRpleAWNFRS6 illustrates a
h é\//gigzgr?i go uter 241 typically incl ud,es a . .
ard Gk Fﬁ? m OE R N HEEmEYa RpHokatile agnstiy wedia,
a mH@Qh@di@l@ﬂrrﬂﬁZﬁﬁh’a‘c @éé@b fraklop wikd it@a ¥eﬂﬁ¥val§l@ rhoﬁ?olﬁﬁ@ RRsRMHC disk
nput er 241 and i ncludes both vol ati'le and

254n%ﬂﬁkﬁé\| ogtieal diskdriyea4Orthahscadt Frameon svritsrio » samavablecnoneelatile
optie¥ d‘l‘s@{)QSQfsu&P&@ HRITEROMEL My obfid®) :1Bdih OBtheF RERNAIE/ on-removable

readabl e media may, conpri se conputer storage nmedia and
Volﬁwﬂ%wp@ahc@mph@ﬁst@ragmf:@mhe? cagtbe psggdn ﬂ@@kanplmyl aperating

enviQidlenf ﬂicﬁltdh g Qt@%o{‘lﬂﬁl t@tﬂmé cf'r tﬁﬁ@éﬁ@&h@s pﬁ%dn%nrlory cards,

non- r enova ra | nrp ene
digited g ereasllodiykst élglt@ltvaﬂeaweoiohd siftsrRAEY mhd stawt‘R@M mmpu tiler. The

hard & gg @WeeZ?»IS n§t§'h%gﬁ}; dco{ﬂﬁecte%gg ﬁlessggtglﬁ %Hsr S thidh %n AlBn-removable

storage e
memony lintekdzce stoakt asiigenfaat 284, amd ﬁﬂgﬁmp dRAMwm and optical disk drive

240 are typically connected to the system bus 221 by a removable memory interface, such as

interface 235.

The drives and their associated computer storage media discussed above and
illustrated in Fig. 6, provide storage of computer readable instructions, data structures,
program modules and other data for the computer 241. In Fig. 6, for example, hard disk drive
238 is illustrated as storing operating system 258, applica’;ion programs 257, other program
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EEPROVM fl ash nmenory or other nenory technol ogy,

CD-ROM digital versatile disks (DVD) or other optical
wa@le@k/084062 age, magneti c cassettes, nmagnetic taper/us2006/027177

magneti ¢ di sk storage or other nagnetic storage

mod&l8y236E8nd 15?6gr§‘xﬁ)ﬂaﬁt2|9§ I NBR Gt fﬂeMoﬁﬂ)oﬁéﬁs Q8 HREBe bR same as or
store thedesired i nformation and wh can accessed 2%7

diffepeghisem operating systemmdni aakicagan W@aﬁaaisQ%O@W pipgeathmeiwes
and &Qﬁ@xﬁtd‘ﬁfa %82aaphhend §ekhysk a?Bﬁ'oatlgﬂ“ﬁ I%Hs ¥gh gﬁlﬁ:g program

rogram nodul es or 0Ot her aina du at e
mod%lp b anshpsperany datacap pteegwewéifﬁerm ngnbess here toriipwrate that, at a

miniﬁﬁﬁﬁlhﬂi@ﬂ' §r@d QG}LI%CI g@us%mﬁai' Bt c'gﬁltrﬂagas Qx%l ihfbEh 105‘?19[%) e
term ata si neans a sl gna

compdes 2d h élr@rghmté deyfices sechaly ak@dxoendl 251 iandpeintingalevichasiyed

comﬁg?xz}lﬁ gﬁ%g“r% )}ggwggﬁl &Zt}{%&b@p&qg&a 'pgé Ob{ﬁg} i!n?tlﬂt de{}lcésftgot shown)

may ¢nsinde pinterbplome jeyktiok, |gamb path satemteehishnmdmwr,gmd’m liks. Ehese and

' r red con ne. W . el
othex#gé;ﬁ %e@ﬁeé\r%@eaégﬁeglc 8%&36{:’(%8 ts tg'%proc%sisxpg 55%59 tgdo&ltgﬂ & piser mpu
interface 23 6ethat isvenhipked tﬁhﬂbysm bwnbut@iaytbe eoﬁmyted)by biher iateofde and

ould al,so be uded W n the s e of uter .
ous s B B e e oy S5 EEET A Ronitor
242 exayiiey type of dieplagdeviceds flsd conhdveedito i sPsterd Ohe2d 1 8a anBicoface,

such ggg\\éﬁlg% hilgﬁll;i aggg_‘gg g}{ ﬁécﬁgg %Slﬁkgéjlnq@g glor){lglrlrtgggx{lqy agsmludzezo%her
periphBlRUSWHAH U EcsSHETE B8pebibrs OBt S0 prinfed DA BiwHidhndy 8 Pafdcfed
routines that help to transfer i nf ornati on between

through g,pufpusPRiPheRintEAIsA3dr 241, such as during start up,
| STHeYRfpatel ¥4 1508 §frdtdinR A weted e%ei%r%@n hotiy Bgfcblyconnectlons
contai ns data and/or program nodul es that are
to one P EIGTCAEEPLE CABpPRISES; smcg ag pregety/ comppier 3¥ntThy réraeta gomputer 246
may 999 5&&&1‘1} agi¥er Y RARE SIrBgk NQHtwgiq}%’C %ﬁ)ewzﬁévﬁg oS AR Rmon
not [imtation, Fig. (5 ustrat'es operating
netwggksxoém apd §picafp irickdes oanymr el ohile eR2ENts dedveibedurboye wiative to
the cgﬁgﬁgﬁﬁ%& Ziﬁ%lgrgﬂ%lg % ﬁ%&%@ s‘f@‘& cﬁgg% %%—’;]lr?aesﬁr)ggp %fx&lrate%ﬁ& Fig. 6.
The lmgicaltqohm’cnmmblated lireFigotripolude a Braraamectventk @AIB),QM@;M af

wiac SRR BV K B8t WS DETE TR 508 A
envmmnmk akicbamoaplaet ih offives) iefterpiisdvaiieebinputet ﬁdtwdiks \igtraddtd and
he Ithat reads fromor wites to a renovabl e, nonvol ati | e

t Wﬁ@‘ﬁtetl c disk 254, and an optical disk drive 240 that

r eWtien fise@ B HLAW Hetvsikin edvifoffematat Gomp@eaall 3¢ ddnflected to the
optical disk 2 3 such as.a CD ROM or ot her_opti cal

LA qithrougly gyeetwork dnferiane or adsnter %V\gbepneused in a WAN networking
envitb@adt the cERPHA 21 ity ol TRUIIES a SbAHAIR FFRMR nleh@fof an

be used in the exenpl arXNoper ating environnent
establighing epanmyrigatigneoyenthe| W AN24Y, speh asthgyintarnet. Thpmodem 250,

which %%12%% §@Smalldr @}%@mma Hia? by c&ﬁ@gfd tg%e%ggt@ln Mshe f"tnlla Itl’gz user input
Ital vidéo ape,
mter@@%@-’eﬁ, Wgerainpmph@e MieRfanisidn h aeterorkied kn‘drqnm@nfz B®giag

mod\%lgxﬁc!le? ﬁke' dhe ]gfi\%ntg ?ﬁeec%ﬂpﬁte} Bfl oY) fotr%Hs %?eo% ZH]Ia}I &r s%f'gj]mame

remote memory storage device. By way of example, and not limitation, Fig. 6 illustrates

remote application programs 248 as residing on memory device 247. It will be appreciated
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menory interface such as interface 234, and nmagnetic
di sk drive 239 and optical disk drive 240 are

W yioedoBy connected to the system bus 221 by BCT/US2006/027177
renmovabl e menory interface, such as interface 235. The

thafjtﬁé M&@OQ&GaneQﬁbrfs sﬁg‘v%? %Iz 6tﬁ éag% algeﬁl;agﬁg,lﬂ—ig

di scusse ove and|
comypiyreggensdinkdsiwsean dre cpmauﬂatslrmylbnsutafdu ct i ons, data

d.oth for th
st rI’t‘%{bgl:d%% Hﬁé@%cgﬂbﬂ&gx&'ar orta éi’nx é‘i?FST scrﬁl%leldie%lwa)agq ve
lmm&nted in tdnnsdtioatvath Im&ivmrcmn sofywarp er, aihiefehppioptiats) witiBa

t.her rammodul es 256,
con‘ﬂﬁ%ltlbl? g% l&rogﬁr:] 'Q{uis) gti’li g}gthoﬁ%w%p%epu{) qu m&.}w’g&r% ﬁ@réau& %gﬁ)ects or
porgégns h@redﬁ,enatyhekestherﬁ;rm&f @rogehinf dodle €, ifstQBHHIPINMIARG in tangible

plic ne 226, her program
med il Toa ARy FELRONG A S e e s heparbl
stor2geinedipp whe@in, hepthe Praaian 25lé is [04dRE intd bRDERBUEPEHA Bfichine,
ven different nunbers

e BN e i B e

casdloff p‘r@’ra&ﬁl todetfe@fion On BRoRFanthabledd ﬁ%ﬁte&om&qﬁuﬂ%‘hevme generally
lncla@vormatlon into the conputer 241 thfou

POECCEE R SiREags Megippbisrdabiedy thaerogrssas %mﬁlgdmevoleéle and non-
voladiffeZmer S ARMLY stélﬁéeeél&ﬁglt Oat ?e%st%n?ﬁ%ﬁ@dev}c'é a:;ﬁlﬁ Bfehst gﬁ? output

touch pad. O her i nput eV|ces

devige.na% AYAErog %@@W‘félkay igalemepian vtikizetthe pHOCQSSQSIdS*E,rlbed in
conB&ABNRIth tRNinvelfod, k ge thr&kbﬁnzcﬁe M4 RBT rd 3041 %og]g\é s°§ rsthe ]rl]ke

are often connecte processing unit
Such prpgeamsiapmipreferablyeinfolamen@ én 2 high ldvel mwﬁhmmﬂ®J¢M1ented

oth i nterface
B T T R
can bg ingpleménixsk is absemblyi aaimabhise lahliBYe, iFxlesive. tIo Em;Zé’age Qe language
8BS B e P FRRES bt s
i ntAéﬂhbwghe:x%ﬁlar}d ambmdihhdntsamaytrofet RaitiliRRE bsPects ©OHHR lxﬂ\@ﬁ‘@on in
heral out put devi ces such

the <g>é1¥e§g aqgg Pgl%lﬁy d aélﬁ dlli]olsllel eéll}t er§em%lﬁl?edHV%9n ot so limited, but
rathmmjﬁﬁtlmﬁletﬂ&hﬁdl @hcorneutib With REY dkiRkiAL eﬁ%ﬁ&éﬁcﬁcﬁ 3

241 t t
neri o ERBHE o1 GRE DB oo SHIBTIGR Ssness ohle amvenmana be
imple@iRXe inCa ARk L SluralityCIF pRteRing @ARS 6r &‘eQ/[EEy LRd stgégc mli? Similarly

renofe conputer 246 mmy be a personal conputer,
be egfé‘ft?ﬁteqcroséa phaligy of devicet bk dptses migh énclufie pprsonsh r:oropttﬁ@*s,

netwoRIOEERYErd) BANVMRAE I d@@i@@s s@@l@o&gﬁg& rchmbf&g]{ %ﬁ@%eég{i‘ﬂx? ﬁtﬁer

all of the el enents deéscri ove re

systephych asaupomobilgs andairglanesal y a nenory. storage devi ce
ggg{ﬁggﬁggﬁgﬂg p% §h§@h?&dﬂ Heth] %lgti‘ynncfw & d o?ng)gg?g effvirgument in

whlqhermmrcpm@utAngdMeamdmay e mlmmdnepmrkl the/¥es8ebUescribed

abovk%l'é'ﬁd %(ivnallﬁgso lltl?rgu gfﬁ)fg gﬂc r%l‘agz% 1991{)amers. i:lor er:%fol‘Q’o Igalgtlﬂeg

envi ronnents ar e
compiitirigaesy, Geearitof syshiasetwirktel cnvifgitieat wille vk Slients Ynl tBO 8 Hork

of I*ﬂl"jlgmfI using synchronization barriers such as those in Figs 3 through 5. One of ordinary

skill in the art can appreciate that networks can connect any computer or other client or server
device, or in a distributed computing environment. In this regard, any computer system or

environment having any number of processing, memory, or storage units, and any number of
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the Internet. When used in a LAN networking

environnent, the conputer 241 is connected to the LAN
wa@2®7obroszigh a network interface or adapter 23FCT/Wbm06/027177

used in a WAN networ ki ng environnment, the conputer 241

applichtyoRk axad Pribces s obel@sn osifIERBIREAs EdnsiablRe buiBRITS: §0fin
est abl i shi n% conmuni cati ons over the WAN 249, such as

connegtion Witk the sistems pRd msthadywroweed- whi ch may be internal or
eptsRIIR coﬁ@mn@epr&mua%ﬁérﬁa of BorhtRer3601R83 dMdSerdfds By @

the user input interface 236, or other appropriate
exchapge bREYFEB RYMPHIng dpviecaens sxstieaiy Thess fesapices g grryicesripaliete

exchaﬁj%mf‘ﬁ{f&%aﬁ@ﬁ hdeQtdrelRE dSPIBMEE For &fbL, DR doBipSting

er eof be stored in the renote nenory storage
takes affvgntegs, of Bywwdycme%wamﬂlewma gHeniolo levierage Heirsalledtivepovger

to benbfit tHS LRl &ﬁerheﬁo th?thgsqg%dr@ %t\)mg&y RBF QQ%ﬁgﬁQ%phcmons,

reS|d|ng on mory ce 24
objects pipiesniress tat may imlisaty élte\mdcssebdmerahed daginshown ar e

ef‘(%:m@ B Saégj]&hglfﬂg’tﬁ{(dl 3f 84‘ %gj ﬂe?x%rﬁgd & dlstrbbuted

CCafT ons ween
computing shrddnchebe Thedayisingwat dohmtlsetshemputrngal@310e&=29d N2 EIBE, and

e T L e
273, 2G5 15v6] TFY anfl sz)hiay chhp,tﬁp ot mekenet bbptogand, aphadsadats

storesfmggrgrgp{a&ﬁ,i%gc% g o gntﬁ %‘7&2%2,? r227ﬁ;f g%ip 2% 292 and 278 may
span poﬁﬁilﬁ bEthé edise orﬂﬂm%t@lévwd% shéng iPDI A, iﬁﬂ%/ﬁda&d@hegw’j

flop di skettes, h ri or. a ot
playersppehiphal coBRRISH! - SF%*} Sy ?@d?{%@%é.}@ﬁ 99% can
commBhiOsE dith GA6tRer hitity@FUEXy2] T30 AN £ AR UY B Y7 S%yf%'mf Be,

such as a c?(rn%uter t he machi ne becomes an apparat us

commpipieationg agterk Ot Wethis irgards pryrentiyimasks respensible 1gtbsgr am

maint&RAS By %ﬁ&gﬂng BF 2 BataQ08 AOTRMNeL5t6aBPLLRER, the
conputing device generally includés a processor, a

sThis agforteiOunayt itsald semerissyptheneommigas suiies thahprovide pryvices
to the éfsléﬁﬁe {r)]it 1§§ap gn({]ll(ﬂgy }f&llﬁ%rks%nfmﬂﬂ ¥ 1ﬁ8g6r91rect§& 9&@/ fks. In

east one | np ut evi ce, east one
accordantqowith ateaspeat of (b envmntlcrmca@h pntgy ﬂah1§72,t>?d{5 %yﬂ SnpT6eA€hand
278 i, bk R il HindHoRli BRGufiin ASRGE] B doiefh SALNSELS A &
other objer?,esbﬁgameoﬁmmxlzﬂrs anddor Hakisvatd, toe*eqtﬁ:smhrvrnes of amé)r a'ro[ee of the

refe | evel procedural or
Otherg‘ﬁ ﬂ ?%??}é&eg?ggﬁmfg“?%z%uage topcormunl cate
4 vattchn ﬂs@mmipteeratamdt aﬁbbjblﬁy\ﬁwle ﬁs zmhimapb@msmd(ca)anaher be
I.ne a

compydEBE 21 Tiits NASEh e dvr B anunEmsa R p R ey oy atp

conne@ted tEVi€s RS e3r@hitdrd) @aaﬁuestraamS @y eehpMry Bndiae ghaical
npl enent ati gns. . Al t hou exenp

enbodi . nen
enqungwetrmesba ligpnafively ke depics ?rsdeﬁyflb?ciw@nvm%lﬁtva%ws.%i@ﬂ@vm

such 4 P RX eleRsiRBMPS plaR:E e§;t ablvab 9!5]8ct§§1€ﬁ Wl RierfYSt €M
the invention is not so |'imted,
objects and the like.

There are a variety of systems, components, and network configurations that support
distributed computing environments. For example, computing systems may be connected
together by wired or wireless systems, by local networks or widely distributed networks.

Currently, many networks are coupled to the Internet, which provides an infrastructure for
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rat her may be inplenmented in connection with any
conputing environnent, such as a network or
wale@unodesr ed conmputing environnment. Still furtPer/ps2006/027177
aspects of the invention nmay be inplenented in or
wingopgsseas pleurabs by ofvprocesstng-chtpsor-~devi-ces;” and
infra et ewH&Her%bﬁBlécWo the RfenRk biofot Sfhyaera&Binoffubkitdh iWith the

evl ces. devi ces m ght i nclude personal
Systemmpdm@ﬂ@dSWQVMk servers, handhel d devi ces,

SUR %E%?i?iﬁ*ﬁ%&ﬁm@é m&}OEE %Bfe%fh%st' IFBGA 1Bpb1bFEOsueh BET

systens such as autonobiles and airplanes. Referring
clientestrers pefiogpeetz or lssrhnmwhstecawes ebheripliaat’yis p aofpbekelc class or
groué?r[gp{lgek i sm}ée%m&%r didbs \6@%’6{1}) TSR IR TRt Rtk In computing,

rocesses nma enented to perforn1the processes
a chehewprb@as abomgldm d sstmﬁmstrerqtgss orftaskhyrtioal ggguestog service provided

chroni z 0 I
o AR 2 e RABIRL S RBi bl g
“knomdtalny mrlnmgmtmlsiaboutshmhdr pogreet ewshkseoficeHisglf. h aiglienyserver

arch{t%./ﬁrt]lggé% %gy] g %8%%5)1{63 Ies%sg?,@u g lﬁeﬁﬁs 1|55E1Q1?}ﬁae J:c;aﬁur ulteg 2‘}& accesses
shar&DM@@ka&seulfcbﬁiroﬂééd/w dopthesconpotened, asayver diplu ermple of

T 18 S ARG T

serv&ly LM, AbpeAtink bR HEKcuRamiceg any number of pr ocessn ng,
nmenory, oOr storage units,

of ApBTVPEistyRIHY.dhereh me@gggs&rqwc%mpﬁeﬁamgwﬁ&ﬁytstsweaaﬁfﬁflt}le
overl aremBiRDr HRAER N A & thOmidhee. The ARAMNEEdkPRaybd dbtiveIR a

systems and net hods provi ded. Distributed conputi ng
firstsprpiteresystemagridithe wrves pippess 818y be agiVe dbg sesfrf %O@?RVF% éﬁést%l}»

comﬁfﬁﬁ{&gtﬂ%ewﬂ% QOGRS é&ﬁn\gﬁé‘a’tlﬁﬁ‘ssm&f‘\ﬁn St ﬁmﬁdm-gr AREButed

resources and services I nclude the exch an

fundtinfaditynend ablawingaeulpls clinésge taka advntre of the | B?H'E‘iql%%lg
capa%'ﬂist}eg BfM e?\)l/&o gﬁy o Garl B lﬁgés {ﬁgyﬁw& Butld ad?@stsmﬂtifple computing

connec oW ng rents to ever age their
devxceﬂdr@bjectee povver to beneflt the entire enterprise. In

thi Iﬁ?llelétgs? A s Serve (éf entu}/nli%te xgﬂivén%%ﬁoﬂ%yut@%ég the, ﬁmﬁtmnahty

S Of resources
proxh&bﬁl ugrpmeaﬂ Wemjss Soi dxachpleHepenTexET gpnsier ]pmwolc{é@:TQ) isa

schengt | of .an exe I ar «
comraby P Bt BOrID R TIAGR RO AR o RABEHER (fivwy,or ihe
Web.0 :‘I{P;picanzﬁ g%@ﬂpw&:ﬂz ﬁbgw@g%ddreﬁ sﬁc'/!ﬂad s aR Tidern@ Mootoesi P2 i(c'Ydress or
we as obj ect 7 74 nd 27 nd dat a
othEARIFFOBE SPFILES AT &S%ﬁaLOEaf% (%%3 canzb/e4use<gt?)slger§ the
server dr ittt 8 ButdBMo ERRRYHeP.The heti@lEaddfees &n bR rréiﬁﬂahﬁ,as a URL
nmet hods, data stores, ro rammabl e | ggic, etc.

addesny. Comeinization g e piriled pyer a comaunisaons siediugh 4. gz‘f enigyand
toISd R orle RRotREHVE, BER/LH éoﬁﬁéo@ieﬁ Yhighe as

Ser‘%%%sr}?%dﬂoo?v? deocl)l de(\)/tl ‘ces, MP3 pl ayer S(Sp%erisgongﬁsdéﬁ?

cormmnwﬂ@ns etc. Each entity 271, 272, 273, 274, 275,

?n 11%]% é)f @%%é%?%f&ﬁﬂg@%"@ﬁgﬂéﬁ%ﬁs Mt tnﬁty %@ ‘Bﬁpﬁ{cctﬁrﬂﬁlg §Ythe

76, 2/7 and by way of
genbﬂabframework provided in Fig. 7 and the further dlver51ﬁcat10n that can occur in

computing in a network environment such as that of Fig. 7, the systems and methods

provided herein cannot be construed as limited in any way to a particular computing
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communi cations network 270. In this regard, any entity

may be responsi ble for the nmai ntenance and updati ng of
w@2@anededse 278 or other storage el ement. Thi SPORUSINK027177

270 may itself conprise other conputing entities that
archpécture.dmssad, vﬂeoemntwn tdoelasrpstrcelmlm:fu Wigy, sufgic andoumy, vu

itself, r res [ :
rthey R R e R Eobth B ERAREEN B RSl Ponik.
entity 271 272, 273, 274, 275, 276, 277 and 278 may
contain discrete functional program nodul.es that m ght
make use of an APlI, or other object, software,
firmvare and/ or hardware, to request services of one
or nmore of the other entities 271, 272, 273, 274, 275,
276, 277 and 278. It can also be appreC|ated that an
obj ect, such as 275, nay be hosted on anot her
computi ng device 276. Thus, although the physica
envi ronment depi cted may show t he connected devices as
conputers, such illustration is nerely exenplary and
t he physical environnent may alternatively be depicted
or described conprising various digital devices such
as PDAs, televisions, MP3 players, etc., software
obj ects such as interfaces, COM objects and the I|ike.
There are a variety of systens, conponents, and
networ k configurations that support distributed
conmputing environnments. For exanple, conputing systens
may be connected together by wired or wrel ess
systens, by local networks or widely distributed
networks. Currently, many networks are coupled to the
I nternet, which provides an.infrastructure
forinfrastructures, whether coupled to the Internet or
not, may be used in conjunction with the systens and
nmet hods provided. A network infrastructure may enabl e
a host of network topol ogies such as client/server,
peer-to-peer, or hybrid architectures. The "client" is
a nenber of a class or group that uses the services of
anot her class or group to which it is not related. In
conmputing, a clieént is a process, i.e., roughly a set
of instructions or tasks, that requests a service
provi ded by another program The client process
utilizes the requested service without having to
"know' any working details about the other program or
the service itself. In a client/server architecture,
particularly a networked system a client is usually a
conput er that accesses shared network resources
provi ded by anot her conputer, e.g., a server. In the
exanple of Fig. 7, any entity 271, 272, 273, 274, 275,
276, 277 and 278 can be considered a client, a server,
or both, depending ori the circunstances.
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A server is typically, though not necessarily, a
renote conputer system accessible over a renote or
wo owaloogeer wor k, such as the Internet. The cli ePtT/US2006/027177
process may be active in a first conputer system and
Whalkt eCIagheger process may be active in a second conputer
system .commyni cating wth one another over a
L cofmsiod £PmBHE Sedi um  t hus provi di ng di stri but ed
f uGtiremhg sofvanslthddad OV B GyrEHtchizBlich Wakiie Mhplefn@nted Gk @
advant age of the information-gathering capabilities of
synchrqaizationpaprier methodgidwar e obj ects may be distribut ed

aCﬁl@ﬁﬁlﬂ@d'Vﬁh&ﬂl@thﬁﬁMé &ignééQW&ﬁﬁh@gyn@mbﬁ%tﬁm barrier method,
Cient(s) and server(s) comuni'cate with one another

and 1geq tojdetering pihen safraroihiEgaris shopld b rdeageds hpiest gidofariable is a
local %?{% 1€ &) the §AEnBEBMRnSarid¥ RighbgXxt Transfer Protocol
I's @ conmon protocol that is used in
conjunction with the World Wde Wb (WWY, or "the

2. V\é he mat ¥8AP&PJ141%011‘912 ?%?%hﬁflam§ﬁw5\5n ﬂﬁ%% ockWE oS an

ernet Protoc ress or ot erence such
assoastediwﬁﬂh theanasbdd, Retsnascessiblede a@@mu(SldQLP}e ldmk be used to
identify the server or client conputers to each other.
The network address can be referred to as a URL
3. ad@hemsthodofiviaimi icwhdrein tieanlub ef the ceiiabdglis ovtestored outside of the
cqmuni cations nmedium e.g., client(s) and server(s)
nwﬂﬁﬁy be coupled to one another via TCP/IP connection(s)
for high-capacity comunication. In light of the

di verse c ng envi ronment hat, be . bu

LB BEHGY PG W e TR A6 R Gy PP Py cal 0
the ﬁﬂ&r&d‘@tlﬁﬂb&h@ﬁm&h&ﬁr sification that can occur in

computing in a network environnment such as that of

Fig. 7, the systens and net hods provi ded herein cannot
5. beAGRORsd dafhriddgl imMted in any way to a particul ar

conmputi ngarchitecture, instead, ne invention should

nosynskropizinggettvare ﬂ}re@is Nl ey afhRsiRation barrign implemeated via a

d n breadth and scope in accordance

Synmﬂ#ag%lgﬁdgg%en%ﬁ(gﬁg? ainms. What is Clainmed: 1. A nethod

compwiieg nigst cppraciom o Hiread pgremfstwieledn th sskipnizaonsbarrier
meth(;éqg h{v(t}ﬂal t%%fxéu?@sa?@cﬁerlétﬁh of Hi@‘b%'i‘%ﬁt ed via a

net ho and providing a
varlable t hat |s to be changed within the

s whar ugeRal ot T Bhire BTk PORAEES ' cr o n S ¢

Vakia@ldiging 8 Calﬂt Gfiﬁirlablas whiah davedeft the s;iyzhrdn[zana)tzbam@n

barrier nmethod. 2. The nmethod of claim1l wherein the

variable is known within a bl ock of code associ at ed
7. W tme hlgoaet klaith 5 Blitreinthcheiamiligeact congeides: out si de t he

bl o
settmg a field to be a predetermined value by a last thread to arrive at the barrier

before releasing other threads from the barrier; and

incrementing the field by the other threads before each returns.
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3. The method of claim1l wherein the value of the

variable is not stored outside of the nmethod. 4. The
woredoiowos claim 1l wherein the value of the vaPCHIDE®06/627177

not stored across calls to the synchronization barrier

met hod. 5. A nethod conprising: synchronizing software

threads via a synchronization barrier inplenmented via

a Shyareetheshofodaimg A fyter pampriset hod; and ensuring a | ast

OP&d; z{nQHdiQatfoH %?@ﬂetﬂ&raftﬂfeﬁ'&;ﬁ\ﬂgﬂ.ckﬁg itd"detté}ﬁine whether a thread is
nmet ho

synchroni zation barrier Isca wite to ensure
blockiagie del eti on of the barrier. 6. The nethod of claim5s

otk HEviBREEAY, a6k 1O a0 ELENG T 09 2 1 on

badet¢reminingwhethes tormes¢tacurénteivent by thedsbthedad to freive at the barrier
i.nt aini. ' : [ afieldtob

vy BRELY MAA6h P OTBRLASRalE P LY 005 %

baretdaging kpgdmngthreetleasiting foothedast thiad aaarive atrthe begrier; and
barrier: in ti e fiel

;and incre t by t.he other

¢ il oy SRRy B 18 oy et et g PR e
are Hleokingevhile svitingSesthe lasi thgadito artinti i€ Aitlicated af dododiyhis a

t.hread .i.s .bl.ockin determ.n ether a thread is
xRl SEes PPyh b RAGRELEBIERE by 2 | Ast ¢ hr oad
to arrive at the barrier; determ ning whether to reset
a current event by the last thread . to arrive .at the .
9. baths la?t_lqgcyo m%q%hﬁgelfl#@ TrRfiveae s H{d&ﬁt%%ﬁm%aa _leéad is
blockilf @Adbtdrminelvtfeltiens thré-alieRS ML GRipRkdsng t hreads wai ting
for the last thread to arrive at the barrier; and
s ee¥ayigingthe didiatipn af whathas g thread ip hlogking bea thrqad dgeiding bo
blocRt the barrier to release threads that are bl ocking

while waiting for the last thread to arrive if .
i nefttenstthelindisating of ovhigther hraag inttlorkinigdiy aghreadhdeciding to block, if
the ihd} tfégtof gﬂetﬁér.a \/\%‘PE rblcﬁkfng 'iserﬁ)g sét,sip QH%P K)' iﬂ&catg thg’grtlﬂg last

met hod of clai mwherein thRe act of using an Indication
threagifto whriye latthe harribr mpd s¢tdhdxrventki ng t o det ermi ne whet her a

th B i [ : I, . [WeTel '
LT
threddchabbivivkd atsld barrigy; t he i ndi cation of whether a thread

! Swgftigg %}Il gl%cl?l}{g l‘rilnth t’El*[e(:"eaxlfgrltqse gelt,qf {13 Vetlr‘i)abgl e?cgnlgineél Endicated that the

last thread has not arrived at the barrier.

10. A method comprising:

synchronizing software threads via a synchronization barrier implemented via a
synchronization barrier method;

providing a variable that is to be changed within the synchronization barrier method,
and exémined to determine when software threads should be released, wherein said variable
is a local variable to the synchronization barrier method; |

ensuring the last operation a thread performs while in the synchronization barrier
method is a write to ensure safe deletion of the barrier by maintaining a count of variables

which have left the synchronization barrier;
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the indication of whether a thread is bl ocking is not
set, in order to indicate that the last thread to

wW@eeo7we90dt the barrier nust set the event; exaP@€nURIP0OE027177

variabl e by the thread deciding to block that
| ARG BER AR o 84 £ BIoBRE ARG UARIRE G i
barrier; waiting by blocking until the event is set
blockingit he vari abl e exan1ned i ndi cated that the | ast

t hfe?@tﬂi ewHQJs e@ I{t' %dla?ctthrt:zﬂﬂo BiHvela ﬁle bt er; A met hod

conpri |Z|n tware tnreads V|a a
symmunm&‘ahqt t@@swtua@nrrﬁrﬁrm@h’emhe dpst/thepad to arrive at the barrier

Is viding a variable
by eREE B2 a0 PRI RO BlocBh L 00, St Fon
baretenging spmrtm:gjthreamzweiﬁmmnéﬂ lgsothoet &y zmrme atvdrﬁebarrler
\S/gﬁelgt\én\%lraec r{t% %1 g %%sg thr%a|d %r?’@? %cdche r 9 ﬁelegag% ﬁjlreads that
are bklm;kmg esrlnlawahmg‘ forghs lasu thtgact to@rdvasit nmlpmtedttm dm scab}t the e ad

whj t synchranj zat.i on rier
exanfighgh F e dthcsFin, B DA SRR Bk pnd ARG RN pdipn of
whettrer athehdisrbiockingdidctataf ontputi aatlmheeshenty thivaddaciek &f tlodkhe
synchroni zation barrier;using an indication of whether
a thread is blocking to determ ne whether a thread is
11. bl ackinpater re@fBletrhddihn@ hifVih QtistieNseRdreddfoPpdrRfhing fieafsthod
to arrive at the barrier; determ ning whether to reset
ofclginchyr r ent  event by the last thread to arrive at the
barrier by exam ning the indication of whether a
thread is blocking; releasing spinning threads waitin g
12. f of computprrspdapleraeinmg Baving ingticensihpseasfpr pasforming e mefhod
of clinfdir rent event by the last thread to arrive at the
barrier to release threads that are blocking whi | e
waiting for the last thread to arrive, indicated to

do ¥ t
> S0 B A M S ot
of cleiel.her a thread is blocking is created only at a tine

when a thread decides to block. 11. A conputer

readabl e nedi um havi ng instructions thereon for
14. peAfcomputagrehdsdlemeédnon hafinginstruetidns théteonNor parfoud g the method
Oflreq?able medi um havi ng instructions thereon for

‘'orm ng the nethod of claim2. 13. A conputer

readabl e nedi um havi ng instructions thereon for

erformn met hod
15. P A computelgreaga‘%le me(Hum having instructions thereon for performing the method

of claim 5.

16. A computer readable medium having instructions thereon for performing the method

of claim 6.

17. A computer readable medium having instructions thereon for performing the method

of claim 7.

18. A computer readable medium having instructions thereon for performing the method

of claim 8.
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of claim3. 14. A conputer readabl e nmedi um having
instructions thereon for perform ng the nethod of
wa@b@ov932 15. A conput er readabl e medi um havi nBCT/US2006/027177
i nstructions thereon for perform ng the nethod of
claim5. 16. A conputer readable nmedi um havi ng
instructions thereon for perform ng the nethod of
19. ¢l AicomputedrdadaBleanediun bavingiastaistiensiteateanfohgerforging the method
¢ ﬂns§ructions t hereon for performng the nethod of
OLCB™i'm 7. 18. A conputer readabl e medi um havi ng
instructions thereon for perform ng the nethod of

20 e BB AR L DBk g e mot

of clainign 9. 20. A conputer readabl e medi um havi ng
instructions thereon for perform ng the nethod of
cl aim 10.
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