DI RECT- UPDATE SOFTWARETRANSACTI ONAL MEMORY Techni cal
Field [0001] The invention relates generally to

W@ eow0i@@n2 nenory operations, and nore parti cul B€T/¥S1006/029327
direct-update software transactional nenory.
Background [0002] It is conmon for nultiple
a mul t DIRBCEAPDATESHI WARE | RANSE L1,
| ocations during concurrent execution. Consequently,
two different threads of a nulti-threaded program may
read and update the s nenoy. dI ocati on accessi bl e by
t he program However, = be taken to ensure
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accessing the contents of two different software
obj ects, wherein each object represents an anmount of
money in a different bdddackawomndnt. Initially, the
amount of the first account is $10, stored at nenory
afi003} s ItAs conmmpn &r nhwlipiatbieads ofp muld-thyeadanecescloshe i s
$200, stored at menory address A2. A first thread of a
cobauminl memqy depationsidsrindebadurtest exeaytivhe Cogeauently gavo st farent
Al and a second thread is coded to cal cul ate the total
theeatyoita nofltifthreatied iprogot hapcedant updatF e e stemany Waationay
start by adding $100 to the contents of A, updatin
adcéssible b thd progand Hdvenerpeancmed bt taksuitst anawe tHL 0@ thicaheoes
the contents of A2, updating it to $100. However, if
ndt ADAFP 6 9alde bhihe skhrekeandre dochiinwvedle thhether thrned is in the middle
operations, then the second thread nmay conpute an
ofl XeQUehELbT dpefatibnsahat8Sikad bothelvalub. accounts, rather than
the correct total of[0004] A software transacti onal

mmﬁ]' RioP ¥ AG5Fe, QuppoRAhA Ak dpeana ks sedsihg B cbitewsightwo
Ich”a thread can safely performa series of shared
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transaction wthout interference from another thread.
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software to ensure that the

memory address Al, while the amount of the second account is $200, stored at memory

t hr eads of

address A2. A first thread of a banking program is coded to transfer $100 from A2 to Al
and a second thread is coded to calculate the total amount of funds in both accounts. The
first thread may start by adding $100 to the contents of A1, updating it to $110, and then
proceed to subtract $100 from the contents of A2, updating it to $100. However, if the
second thread executes between these two operations, then the second thread may

compute an incorrect total of $310 for both accounts, rather than the correct total of

$210.



transaction including the exenplary addition and

subtraction operations of the first thread is "atom c"
wa@sgowmidhe nmenory | ocations Al and A2, and t hePelf/Us®06/029327

the second thread will conpute the correct total

anount in both accounts. [0005] However, existing

a POl c e soffvare framsdctinesd nienmpry pravigdesct programmingyabsirastion n

software suffer from performance probl ens. For
theowirpthich a threadeaneszielyt penigrna p periza ofishaet eenwry focesses, allowing

accesses a sequence of nenory locations within a
therlaasbo completetifs randactmdvitmuningr faene s analee threslt of

the nenory | ocations and values it wi shes to read and
Augsidibgly (tran€actionsl inemoties) cad be em@loydiein ko fmaaad éngiire altat the

then, at the end of the transaction, the thread
trikRaéioaSnchldingtthe &:Raplary addivis aatll sivhactimtopalatichyaot et first

menory |locations. If, during the transaction, the
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location in its list, the thread nust search for the

tHIGARYIN chRpidé theRoPect ibid] ¥mbiinttiMBoth hétbudt® access the
entry, which is a slow proposition programmatically.
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nmenor cgesses. Wthin,a transaction, a read . . ..
trgsartaty (3 A S P R iGN oGy PHIRoRe pGRpn in its list, the
| ocati on, d Wwite operation.i ttenpted directl
thgpcpst srairB gy PeuBE P OCatan s BB drerlist G gfeess the entry, which
internediate buffer. .I1f the thread detects an
is dIh BroBp R ProgBatirall e AsTAriag s dirges et of
.menory_location and its transaction | og, the thread
irgRlerapTiing @ drapsegiiong aemerrdn sofiraeeudisss fignt prog perfrmance.
transaction are not

Summary

[0006] Implementations described and claimed herein address the foregoing
problems by providing a transactional memory programming interface that allows a
thread to directly and safely access one or more shared memory locations within a
transaction while maintaining control structures to manage memory accesses to those
same locations by one or more other concurrent threads. Each memory location accessed

by the thread is associated with an enlistment record, and each thread maintains a
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reliable and the transaction should be re-tried.
Furthernore, if the thread attenpts to wite to a
Wworeenonye3bocati on within a transacti on and det eP@i/IE®06/029327
t hat anot her thread has al ready updated the nenory
| ocation w thin another, unconpleted transaction, the
timpseefiontleg ofAs neemprys Recaeses. \ithin 4 tiansagtiony a faed operaticidist i on
| ater or can attenpt to resolve the contention with
peifiemed Hisgetly lan dwdnemory datdiian, amd a witite opérplaeidis aeigmpted diteaiin
an undo log of its wite nenory accesses during the
op temserstry rgtidnnes appbsed te frnedniegnadiite wdfen elf dredthterddetects an
address of the location, to allow the thread to undo
itchessenop betarténths enlistidng reeyrdf 2 tiganort loeation and dtransardion s
aborted. [0007] In sone inplenmentations, articles of
logathe flaetduieermines thaohe chestoysacomsep aitithin the tgnsactiqpacchett s.
One i nplenentation of a computer program product
r¢diable iantethe aamvsaciuntshoulp be gpraind. skunthageoregtihe threadattadpie tdy
a conputer system and encodi ng a conmputer program
willOlo eient o loe afumt veithin B tradsaction and ddt€rminis oigit andtlr ddexithas
may be provided in a conputer data signal enbodied in
aReadpdaid themembly lecationithinAgothdt SR binplRtkd @G QiR tHe TRst
conmput er program [0008] O her inplenentations are
tigkRiQal eigRf WhiendrRtly HRaihedifielhRt 6 caBbit@iptRereslvPibons
of the Drawings [0009] FIG 1 illustrates two

c6iBRIoh e thel JIh@ AESa R OF Q8E1 ALY the Migb LU HEABINMid ACHdb WIS its
via exenplary direct-update software transactional

VIRTRENory REQEe3 888 d HO &ftsadto indudihd #8 bFigh8iSvalRh@tHeONS
for exeCuting a nmenory access via an exenplary

aéarés%t thd LG &, RPIHNPhE thirdod @@@rﬁfo'ﬂ%@@bpe’?ﬁ@ﬁ th thO bR @%8he
11] FIG 3'illustrates exenplary operations for

n%&h&ﬁhkﬁ%b&n&ﬁad operation on a nenory |ocation within
transaction. [0012] FIG 4 illustrates exenplary

%ﬁﬁlgaﬂao%afmnﬁ% ARG gt B
PRI GBI H AR AL Rl Hoe b BIbALE A Aes a
computer program storage medium readable by a computer system and encoding a
computer program. Another implementation of a computer program product may be
provided in a computer data signal embodied in a carrier wave by a computing system

and encoding the computer program.

[0008] Other implementations are also described and recited herein.

Brief Descriptions of the Drawings

[0009] FIG. 1 illustrates two concurrent threads accessing shared memory

locations via exemplary direct-update software transactional memory interfaces.



direct-update software transactional nmenory interface.
[0014] FIG 6 illustrates a systemthat may be useful

WO poo7opd3errent i ng t he descri bed technol ogy. Det pCT/@82006/029327
Descriptions [0015] FIG 1 illustrates two concurrent
threads 100 and 102 accessing shared nmenory |ocations
1(0018hd FIGe Vlpsiratesopprhtinng fatiekesatingipagmerysasbesaaiaan
transactional nenory interfaces 108 and 110 (e.qg.,

examyplarcditacbupdatecgftaamitragsactinnelhemery ierfa®l s) . The
thread 100, for exanple, represents a conputation of
b0 15 c FOGIT illusteansferemspl{ry eperhtidng dorienlidting aregarperaidi?)n a
and the thread 102, for exanple, represents a

meaep Ubatibowithih aaraheictdn. of the two bank accounts
(resulting in the report 114). The shared nenory
| pova2] OmsG M0 uétiMtds eRdthbldd) Bpdratdons frehBQink A vaits Bgdr&ldn on a
menory region 116 and store val ues representing the

mefBY Mcafbn fihES thaflsdetéh. Separate accounts, initially
$10 and $200 respectively. [0016] Each shared nenory

Lg@flgl OR16 2 1R ARG Spdhidhs For'BRAEHRAE 2 WBARENon in 2

ses (e.g., an array, a list, a table, a software

olo) P An enlistnment record,

dlg‘%%: atse ngt&%l)g t%%ag%(?hate@%g%% : “&cts as a control

S ure.for. directunda SOf L I
T i Sl G SR B b R L ANA G

dI o?}gti on. lAn enlistnment record nay be associated with
e 96?5 T¥ation in a variety of ways, one enlistnent
record for each nenory | ocation, one enlistnent record
for each software object, or one enlistnent record for
a bl ock of menory | oBefpileshBescintionsas a page in the
process's virtual address space. In one

| 1901Skre Gt | Blustrasgs ten constmen threads d9QandnldR geeessingrthared
fields: a version field and a scratch field, although

memeryJeasipamnl 0fiaafl d0Grey exenmpdarh direbt-tpdatssafimiatariransactional
identifiers. In another inplenentation, an enlistnent

memogrickeifmeb Lokandal 19i(ng) applictisn progfanmbidg irdérfdeesg AR e The
version field may al so hold transaction identifiers or

thraad 18@ db1 examplegrepesantsercemp@atiar oféahk stcoenitirangders (relsulting in
structures are also contenplated. [0017] In the

thie Irdpogtin 2, exell thx erddd 02 tfveextinple pdprbSits anmimpaesionds d wasof
two atom c

the two bank accounts (resulting in the report 114). The shared memory locations 104
(A1) and 106 (A2) reside in a shared memory region 116 and store values representing
the amount of funds in two separate accounts, initially $10 and $200 respectively.
[0016] Each shared memory location can be associated with a range of memory
addresses (e.g., an array, a list, a table, a software object, etc.) within the system. An
enlistment record, such as e-rec 118 or e-rec 120, acts as a control structure for direct-

update software transactional memory accesses is associated with each memory location.

An enlistment record may be associated with a memory location in a variety of ways,



operations in a single transaction for transferring
$100 fromthe first account, corresponding to nmenory
wa@dareses0104, to the second account, corresponBCTYS1006/029327
menory | ocation 106. A first operation adds 100 to the
val ue corresponding to nenory location 104 and a
one sulistiens p@qoaf for pack msmozloeatippoong epkistmer r¢eqrd for each software
corresponding to nmenory |ocation 106 to effect the
objeciros b enliFrentiseurd forerblock of wagmorydocatinry, sirbSs anageip fiec
operation in a transaction for totaling the amounts in
prbaes$is vicaladisss {pad1 3} offdmglemeniatien pr calishony regerddndudes
for each transaction, the threads 100 and 102 access
twiohfeldsh avedioneebt andlacratch fipld, ditughilie Y@sion SieldgnaytadsoAplds
108 and 110. A thread perforns read operations wthin
tréhsdctian kRatifien hhnotetimplemaRitiah, arertlisymephregonddmabydgs a single
| ocation, and at the conpletion of the transaction,
veir €6 Efialélthosihghaterdindiiatd by glswhad rensattivm iddntifierd oc an
rely on the results of the transaction. Likew se, a
trdrRgctionl 1dpeyoiEsB Ot éristafear ratdrdstauchirtstraialso ¢antengdat¢d. on
through the APl directly on the shared nenory
| pouat7) ONp tH!iRYERE cRiPId) Ble thrbdERY iRAGded af le@t tveRdlymic
marked a wite operation to that shared nenory
o;}e i%%é Ak sir[g?@tla%aﬁa& Por tA @3 #n B 00 tirtin he Firdt bEWOSRACT | ON
og (e.g., transaction |log 122 or transaction |og 124)

cdrRspRRBRG%0 heof daffeks HRIBIR: debHARBEIuh BétresPEHIEH M0 memory

accessesS. In one inplenentation, a transaction |og has

IOFanggpgr%ﬁ'QttotpHaﬁ&?addF A8 th e VaRRESrrEPIn AR REMRY &Ic8on

‘ n an a.! er na | ve | ITp el’rent ation, . aftr a_nsaCt 1 ONn 0g
108543 s?éolﬁgloggja{i&; aubtfdckd ob iR BEVAhESorREbdAbing to memory
paraneteri zed as s" or Each

rea updat es”.

10%%(?02}:1%8 tté eck 4 ! sgfg{t :Tﬁé L%gﬁ?@h?%&%%g% irfciu%laéjan Mthieh

a value 1n ED, or
(:(]Yl\/l TTED. | ndi vd [oé y i gl jage a pointer
Opegatyn %B?%Sfagt}oél de iy tlg‘?l t“%‘ﬁlﬁtsgl%‘ %rr)étrlllt&r ecord of an
a ;ated nmenory address ang ma | so i ncgu e
AP Trmsirs Seif memony hSesr ot St Bretal thr et 109
entry may al so {nclude a,scr ch{'eld. fg da.
o] e e TP LHHY ISR anib| dpdise AP 0B ERE Y- A
addresses that have been uFdat ed w ég? n Ihged
threadpeEfprmsRALARITAIARS WItHR R PR5ARiop HiraRal At diregl
the menory | ocation was updated). In | . T
memory location, and at the completion of the transaction, receives a signal indicating
whether the thread can rely on the results of the transaction. Likewise, a thread performs
write operations within a transaction through the API directly on the shared memory
location, provided another thread has not already marked a write operation to that shared
memory location.
[0019] Each thread maintains a transaction log (e.g., transaction log 122 or
transaction log 124) to manage its direct-update transactional memory accesses. In one

implementation,'a transaction log has two component lists, one for reads and one for
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yet another inplenentation, a single log is used
conbi ning the functions of the transaction | og and the
wap@anessbng, with list entries being paranet er PRUSED6/029327
"read", "update"” (or "wite"), or "undo" entries.
[0020] Each transaction also maintains an undo |og |
“p(di% rié a&%a’ﬂvwmvlelﬁe@aﬁmb@tra@éﬁwpéoamae single live N@f?’)hst
wite accesses of a giyen transaction. In one .
eniigs | belpg Reratpisrizedan “(§A0 of Gipdptes o Fgeh ransacsion dnerpddo inelndes 2
and_nmenory address associated with each wite access
stagps field vhicroldswivalve indicating 4 CREYRAXBORTER s GOQMNIEEEDoN
is aborted, then entries in the undo | og can be
Indiviswal listientriesriealude gepointerée-g+ prefergnce) e aniplisthentectordeafiany
| ocations witten to by the transaction to their
aspaeéatedraemalr pddsess sndimeg alsg DORA$ a Bysibo valasi Inglterative
protocol specified for the APIs 108 and 110, the
impleneatision, @distantty 16 alsaincbadeal syrappbificbl Arsthgudate simicoie,
menory accesses to shared nenory | ocations within
calledlannindo ddg, holdrsbst bf mes oy altiesses thachave béenabdatatieitida tied
interference by another thread. [0022] FIG 2
trankdctist aal thair ppevat vabrs (12Q Oefoer the wemuiy logrtian sasugiard). oh
menory accesses within a transaction via'an exenpl ary
yetlanogtetr inplcladeativaf 4 sieglelok isussd cdrmisinial thegumitiynd ofttey f ace.
The operations 200 represent calls made through the
trafRictiby logrand teiupdadial, Witi K8 dniteCRSS A nRReized asTRER”,
shared nenory | ocations. For exanple, ashared nenory
“ub@gét (oPNvifey), GOuiRSRAMds.t 0 a software object for an
I ndi vi dual bank account. Each shared nenory | ocation

| f0020F 0 EhdH Bflsattibaldo AERREN AUHICRE (BBUnd ‘i‘fo') Nvhish BRMYe
record at creation of the correspondi ng sof tvvare

usBPioffllo tHeQRedky Rfte d@bésée%tok” Q glv@ﬁ)ﬁ*ﬁlﬁﬁétQH eli feh‘@ﬁt@ﬁoﬂa

new transaction for a threa one | npl enen atlon

antio wg'redo@a o RREH M1 Pthd %.%a& 2405 GS60LEH wwetsahwt@

exen'p ary direct updat e software transacti ona menor

acl: Fgf tfh@ﬁ'%]sgéﬁgﬂl e glﬁa%ﬁélj ff@}%tﬁarngz{czl 89185 1%?11 \yf‘{i%]sqg the

ocates an Ize5 a transa I on

unllag %&lt crafZil e @&tcﬁtgﬂl in rgﬂi?se o?a?eq %&%%HPI%Q%% églgrseg ?rbeﬁ% fo@;{cﬁ%g wr@ten
to 'i)p rchquansaﬁlon to their pre-transaction states.

[0021] By following the protocol specified for the APIs 108 and 110, the threads
100 and 102 can safely perform sequences of memory accesses to shared memory
locations within individual transactions without the risk of undetected interference by
another thread.

[0022] FIG. 2 illustrates operations 200 for executing a sequence of memory
accesses within a transaction via an exemplary direct-update software transactional

memory interface. The operations 200 represent calls made through the API by an

individual thread accessing one or more shared memory locations. For example, a
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initiation, the transaction log for a thread is enpty
and its status is set to ACTIVE. In one
WO ppi7en@snt ati on, the initiation operation 202 P&B0S2006/029327
all ocates and initializes a new undo | og associ at ed
with the transaction. [0024] An enlistnment operation
sha’d nenorslosation sppysoftppendiiersseliwire ebieridar #roipdixidyelhenk
access operation, such as a read operation or a wite
acopent.aBdchsharehmeomeryi logakiemisasaciped withiagnemiry sddressand an
operation 204 is represented within an exenpl ary
enfistieot raputd tlecrextibt nwhthe conreapadingisoftabre gbisek y i nt er f ace
by an "Enli st Addr For Read( Addr r)" operation, wherein
t p@023¢ d redsitintisregpession 282 inltiatead deve sransaétidntfer & thewil f Insuhe
menory | ocation. In another inplenentation, the
in@/dnheBtatiBm theOipRiatibd Operaliod 205is repesested tvithin\an tekérmplany direct-
exenpl ary direct-update software transacti onal nenory
update@biage triysadtibnabfth &y Adehtoe bYW FTahAddenStart()” operation,
operation, wherein the address r represents the
whRE aRSatePind iHkiaBRS 8 ibh REiJHBEDfoY tHe @@ RlttaBECtidh. MHeRransaction
detail ed description 'of enlistnment operations is

10ghOMhidated 8l 180 (ile) QdRIhAY) AeGRESacORRIbRL Byahe #éd. At

perfornms a nenory access to the specified nenory

initRG8e, iRNranS6n BE fa Breh& AAnPRLAlils AtRls Rt IACHEIVE. In
operation. In oné inplementation, the access operation

O&Qﬁ}gleﬁeﬁﬁﬁ&ﬁ #RNhBIorRraflbt 8Bt aldoMbcdid 2hl EnifNREd 4 hedundo
menory | ocation. In another inplenentation, the access

10%!%@{0@&&9'&1&1%% t.ka%fqe{cﬁgﬁ.esem edw thin an exenplary

irect-update software transactional nenory interface
Pl SRR A2 ol o BRE e BRI o L
o AR, A L PBSHRRAST FEEE B,
oA 05k R b 2 BRI A b e
e OB SERBETOTR MY AT EBe AT T R g
oo e P TR S0 5 e BRSSP emery ocaon.
I s et the %rfiisﬁ{(eg{?plg@@ﬁ%gég? Sl siBdal §iRQlh war

exemplary direct-update software transactional memory interface by an

“EnlistAddrForWrite(Addr #)” operation, wherein the address » represents the address of
the specified memory location. A more detailed description of enlistment operations is
provided below.

[0025] An access operation 206 performs a memory access to the specified
melﬁory location, such as by a read operation or a write operation. In one
implementation, the access operation 206 is represented by a direct read to the specified

memory location. In another implementation, the access operation 206 is represented
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"Transaction Wite(Addr r, Value v)" operation,
wherein the address r represents the address of the

wa@ pa@cioidzerl menory | ocation, the val ue v represpor/sS100€029327
value to be witten to the nmenory | ocation, and the
operation adds an entry to an undo |og [0026] A

wighie P PP fiseci-updafeogityate diepsagdenalmenparintarfeserby @
menory access operation renains in the transaction

“TsangentionRead(4dds ¢)” operatiann whereisriBsaddrass 1 repeesentt the address of the
previously accessed the specified nmenory |ocation of

spediBedhmsmonydomatign anddksepempiensaridsribe vahe directefsen thy specified
proceeds to the enlistnent operation 204.

mexhorg doration dhyst anhiberimpbessiation, theyackssp agsatton@06 is represented
enlistnment operation 204 because the specified nenory

byl aotimet writeli@ the apacimd ynebwenloeation s Tretdlisvimplehentatien, @ wepaeatd
transaction. [0027] In any event, the processing steps

Updateblng 6 Aeldc#) nmayrutsope amplosad toruptdte ad wratodag (ak ARCBSGUDSOGD.
until no nore nenory access operations remain in the

Intyeansthet ingrlenscacition Al acadss Wirationt2068s rapresited twilhiid an
operation 210 attenpts to commt the transaction. In

ex@iplatygitetBithRisbonare tri@aQRRIN rhd®sty i@eicaby en 210 is
represented within an exenplary direct-update software

“TrdrRAGRE Wir RAALdPETBRIGY v)’ Bh&EAGKS Fhé¥indhe address r represents the
"Transacti onConmit Q' operation. Cenerally, the

adBRETG AR HeciBBEMBhbON0cAHSh, ARIVANRINESwhe ekl boritbeto
menory read operations within the transaction were

th& QH]%TFSI 186ht10h, Al MelopBrafid AR ST iRy Mk [i:%tlo%m
interfering update by another thread. If the

O] TR RO AR s U5 TGS
opeftibh fﬁr%aﬁ]lﬁgli @%Eﬂa&é&cﬁdg@e&{éﬁ%‘? Fif %]ogglf%th!a Eaﬁsgg%o‘ﬁ%m&t ment

opera suc_cee rS], n | rea felrlm nes
B I BSR4 RUEGRFT o o

ol g PR S SRR B LA B BRFE RS e Bt
d "1 tian' | st ts, t hat the.

me e b e hERRr i Citeo B B e Bttty WFiondner
t hr eads. | 1 pl tati on, the standing-d [

SRR PUiiEd B PP Bhgh the write
transaction entries in the transaction |og and, for
e Eﬁﬁ%}as dny-aver, tgﬁ PIOCSHEH ftepsé;lg@pg} each memofry access in the

transaction sequence until no more memory access operations remain in the transaction
sequence, at which time a commitment operation 210 attempts to commit the transaction.
In one implementation, the commitment operation 210 is represented within an
exemplary direct-update software transactional memory interface by a
“TransactionCommit()” operation. Generally, the commitment operation 210 determines
whether all of the memory read operations within the transaction were completed within

the transaction without an interfering update by another thread. Ifthe commitment
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storing a new version nunber in the version field of
the enlistnment record (e.g., increnmenting the version
woneig3onf an updated nmenory | ocation. [0028]PCT/US®06/029327
possi ble to overrun the version nunbers (e.g., all of
the avail able nunbers in the version field may have
opegron gifais, thetthrpgs) detempineethaiiht transadtion hes fadedsandrwill setry the
incremented by one with each update (e.g., 0, 1, 2, 3,
catire angpgtione fenpigptiaty: 16 oaetimitmentogieration Q80 sicoreds) tirdnehe
"N', then a nechanismto "rollover" or otherw se
thragrbdeterminss thatthé iranvsacion thhecomplsteducerssthidy andalyatiie: thiead can
order hi one inplenentation, if the nunber of

rely an hedtansastiosendts (@gl, the esatl ivaleesnad dedpdie opdrativrk €At the
transactions active at that point can be aborted.
cainpletior thevehynitnieht oeeation BbeTstanfls dovarsRetidn@atdios’s @aliktaehts
overtime exceeds N, the transactions active at that
sptianthe awpcibied pambiydbdayionoieodmé sdessHitcd otHpthrdady ahiotle
transactions are aborted and valid transactions remain
implemestatidn thy etandingtibver isiabgingyieiddaliifiting heough 28 WilBY

be made so | arge that reasonabl e processes are
trendattiomRdnytios it thk @hisadtion exCaAdfoNeach A3 8htedBn1RBAH record,
operation, which may be provided within an exenplary
sting e hewp dasion sohberad B ERids &eld SRR en [RABAedod &1 ace

by a Transacti onAbort () operation, abandons the

intrnicRithg the ¥BSRE hlABerRSEAGpAMEHIMWN LY 16daGogur rent thread
and rew nds any updates perfornmed within the

t ty 5 :
r[ﬁﬂfﬁlc Tt BbokiB1Ofo Jvt@%rﬁthﬁle 090h Plﬁﬂéﬁﬂgg $er.é.,ghlljlrorf the available

onel npl enent at 1 on, e status

b6 BGhé PfsibPHell fha Bhyd elﬁ?sgﬂ;%?th%g)q PtogJ g)fagrpptl [ iétecﬁ%{ée%ion

the undo log are executed in reverse, res M
LSRR LN AL S, ISR P e
BB DG NSBB8 gt
o8P L3308 I 5t PR PSR PRERRE, e B
ol B B TR 53 SRS O 255
o R (1 hE R BES5 i ut Beputrererime crcecds
N, the transactions active at that point may be partially committed, such that invalid
transactions are aborted and valid transactions remain active. In yet another
implementation, the size N may Be made so large that reasonable processes are extremely
unlikely to exceed N.

[0029] An abort operation, which may be provided within an exemplary direct-
update software transactional memory interface by a TransactionAbort() operation,
abandons the current transaction associated with the current thread and rewinds any

updates performed within the transaction prior to the abort event. In one

9



with the nmenory address r. In one inplenentation, the

enlistnment record is a data structure associated with
wa@2omend3y2 address r (e.g., as part of a softwarer/vb086029327

at the nmenory address r or as referenced by that

sof tware object).655031] A versioning operation 304

impigmentatien, st ficldin sarrand dronsatiendogiistser to ABQRIPRIP ynd the

address fromthe |l ocated enlistnment record. A decision

BYyess dit the HndeOleg arscueotiod di rewprae, estorin therpearttansestizinomlues in the

val ue actually represents a version, an identifier

yndaied memary ledadionsu IQnen thetabentsldrinsastion’ vupdates aemtiods, & abort

i ndi cati ng another transaction. |If the read version

apgratien fséapdedamyn’sheenlistngntsn, then a | oggi ng operati on

308 adds the version and a pointer (e.g., a reference)

t 0[00B@] | BichBealiusenics atemphiry bgeiofs 50D PBRe@BliNg/a feid SpdrARM

transaction list (e.g., a linked list) of the

dnreameamy looatidnogithi b erafsactad Regidnsien aan 66 ethrba thaad

the value at the nenory address directly. [0032] If

enligimegtacadwpestion(svadisissiePleaent F1G D) rdafeitd i 8fven memory

witten to the enlistnment record of the nmenory address

ddyiretshea Wditin@Rperafi@ NRIb R thd dABSmENGeddr@1R26L L QP a%s&%iated
e

has al ready been updated by a wite operation in

With the fitmbiyaa 86 A OR o Ehpldd@ntdBbe Ik SBRERI Béotd & atnue
(as indicated by continuation operation 310) to read

stri@uéabsoeiad with @ niBaBRy ¥R ) 658, AiphR6F A YofivRYe object at the
continuing, the thread is acknow edgi ng that a

rhdn@dp adekrds® P of é%ge@féhééﬂdgygﬁat%%a%] bijedyrent record has
n

al ready been generated’in the transaction | og ofthe

;: @.‘Eﬂm A Q/E‘mioﬁfﬁé ioﬂ&%&f g(ﬁrrea%g 11 él%fb?lﬁ/?fé}% i’as%gcig%%( Hv?tg Iﬂ?en

itrary, uniqgbie"transaction

t teh field i h
oy addfest BORTRIOENeLBRmich Bock RLENSA Spethelo b6

transaction er
T G NI S LS S
T I R
r&ﬁ%%s%h%&ui% thetothen transaction and the thread |

I VOKES 'a T e501 Ut %Yler%‘_?erﬂéel"la PeeRierParior AdAdda e version
ST PN AE T
triagsségtl{o%(iltsé (%2{1, a\i\pni(é:(ijlis\gool%lt}ge tsa%ls'la%gon log. The thread can then proceed to
read the value at the memory address directlyl.

[0032] If the read version value represents an identifier written to the enlistment
record of the memory address by the current transaction, then the transaction log has
already been updated by a write operation in the current transaction and the thread can
merely continue (as indicated by continuation operation 310) to read the value at the

memory address directly. By continuing, the thread is acknowledging that a transaction

log entry for the enlistment record has already been generated in the transaction log of
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the enlistnent operation to spin-wait. Alternatively,

a mutual exclusion lock could be associated with the
wendwstgsent record to avoid spinning. I n yet aPOr/igr006/029327

alternative inplenmentation, each transaction |og could

be associated with a revocable lock. In this

thefsansaation aAnddentifitreofadeodactidnoneydenathiimary,afniqueltah@ction

accessing transaction (T2) could acquire the revocable

idergidiet, p pminten ée-@ 0@ lefeaence) tanls et scateh (fEld) in thaitkansddiien log, or

revocabl e I ock, T2 could performa Transacti onAbort ()

omelpdieaifiqufidditiiecand t hen rel ease the revocabl e | ock

of Tl . Thereafter, T2 could re-enlist the nenory

adf083f If thoread tessioe aaluoppreshis@R idedfifler MrittRud thelR8listment

di splaced to a recovery function that could raise an

reccté pf thomeinOryl dddiesSbycarbothat trabkackias t@QRe @RRENHRE |G already

shoul d be restarted at an appropriate point in

een Gkt BY 2 WrOSskkatlon ifihe dltbLkmadctive addRE BBt IO
an Enli st Addr For Read() operation omts the decision

roftidh opdRatitfAG 19find then V@i R Enkdthes. thade ﬁrfpléﬁ?cl?ngngﬁgﬁ

and just assunmes the content of the version

dxBEpIR! rHIABA bpdrBRI A 21iSactiaMPh 56-8P i | Shi
inpfeﬁgntation?rthe Trénéﬁgt?onCDﬁ#?#??ﬁgﬁé?%¥rgﬁgCmme

tRAS OB RnPEPerafiOR {d dpfl-Wait, nAﬁerEd?i@%l?%aymreyiclthﬁlwcgP?llll% pe

whet her the conflict was cause a version con

Rboc¥d vaHeh, éﬁi?t?r[énplfeﬁ(;rﬁ % %@gl;sgﬁnmgo %&‘]t lax%ﬁ%riaﬁgmgt},vea

wite access of another t
R S KT
ERERBAGH HE e PR ot bR i il BN i sputng
Pl e EaBb 1R o B S RO VAR R Rattp gk 2
bl Betorm 3, PRI PRRD 3 Rl arite: R el A5 fevarsbladosk
ofah Thef 32 R oL FRmoD sty ki ol g T
<R BF A Y AT o e s Svcation i et thatT1
associ at e i th e menory address fromthe | ocated
509G Eed S ROPH DeAFEH S BrIPEIgBRE PO 1IOG<EBHE i nes

whet her the read version value actually represents a
vel0834n Ingp ajteraptiviefimplementation, an EnlistAddrForRead() operation omits

the decision operation 306 of the version value that it has read and just assumes the
content of the version field in the enlistment record is a version. In this implementation,
the TransactionCommit() operations catches any conflicts in a shared memory location,
whether the conflict was caused by a version conflict or by reservation of the shared
memory location by a write access of another thread).

[0035] FIG. 4 illustrates exemplary operations 400 for enlisting a write operation

on a memory location within a transaction. Responsive to a call by a thread to an '
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i ndicating the current transaction, or an identifier
i ndi cating another transaction. If the read version
wo ala@ig3epr esents a version, then a | oggi ng OpPCHUSZNG/029327

408 adds the version and a pointer (e.g., a reference)

%ﬁ the | ocated enlistnment record to an entry in a
I§tpgnt WS OReretiem(seq discugsiongegarding Fligk 8)relatist Jo ofivéth@emory

transaction | og. A marking operation 410 uses an

aglesps 7 a dasatiee enceation éWalpcm;éhQiﬁtIﬂlsimthesceﬂ (ice.,If@4rdc”) associated

designating the current transaction in the version

ifhethgimemorshasldenss i- sinwnimplecatationfthd ddistmnbieyord el @56

r, thereby tenporarily reserving the nenory address r

SraFtdre assveieted teeomernony rydrbss ¢ 4¢. §.043, patt i g €ofbbare BBt Wt the

| ocati ons, object, etc.) for the current transaction.

mpemary, @@maageMGth@matd dbiecglcceeds (as

determ ned by decision operation 412), the version

v al0036]s akedrsianitglupenatior €)4tre8 #RGkEsM valulasdbbiith th‘h'?ﬁ‘e

transaction log is witten to a scratch field of the

neemiorgaduesss fromcie hoatedéhlibliRnt ebifd.t AE&ESoR BFbril}a 06
proceed to update the value at the nenory aJ ress

detierneiaésl whetlAr tiireaitvek@inWaluk hcthdlf ERBRAM:S v%%bgons %ﬁ@ﬂen’uﬁer
operation fails, the version and pointer

ifdefaBh@ e Chrré? t&ﬁbﬁctidﬁcﬁtaﬁ%ﬁﬂﬁérﬁﬁ%g réut?&l%r aﬁ]sragttlci%l Ifthe

del eted fromthe wite transacti

dall ABSRE Netsit
r Iaoc BsRA gbl‘gg é%;ﬁ?ﬁlgﬂgzggbﬁ Stl%eg%%gél% %%Pa?i?phﬁfgaa%g ve}ghon

ahdEpSifteAle Gl frbﬁ%eﬂcé]%’ th@ chtg(‘f ’eﬂ’l?&rgen't fic dtt{> ﬁn?s xl'%/;m Q rite

entry, instead of an St men recor
t denti,fier. ina ver
tr?llfﬁgclztgﬂg%ﬁf ? hgle %21 sr %l?eﬁ%égar@%&} l§ g A &arkllng pperatiqn 4 Zf18 Uses

afl %Bﬁ’[cedaﬁ%)are'-dﬁﬁgwtaﬁ gperrgtgﬂ 586148 ark eglgﬁgwgglét cgjllt}trsgptg%ga%{lon

a qui ck conpare-a smap opef art
o BN R AL °9§$%%"29%1%%§' | gty emporarly
fe%‘%%?%sen‘% ol ﬁﬁ(%rfdea%s'%e (e iemort PR BneHT oy
oG D, b5 AT e R e eecogPhasnivenaryraee
S%%?%ﬁss i fiﬁ%lg%byt FoBRPBH A e aryomontie swed e it

ontinuation operation 416) to update the
trangﬁic ulgn §t v¥1 o the transaction log is written to a scratch field of the enlistment

record, and then the thread can then proceed to update the value at the memory address
directly. Alternatively, if the compare-and-swap operation fails, the version and pointer
(e.g., a reference) to the located enlistment record are deleted from the write transaction
list within the transaction log and enlistment is attempted again in locating
operation 402.

[0037] In one implementation, the scratch field may be included in a transaction

entry, instead of an enlistment record. In this implementation, a transaction identifier in
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menory address directly. If the read version val ue
represents an identifier witten to the enlistnent

WO e@antb3of t he nenory address by anot her transBCT/USIN06/029327
then the transaction | og has already been updated by a
wite operation in the other transaction. As such, the
3 Yargerofidleholghe enlistonast ticodiipmpainter (atgi, emefdiegee frdo thedransaction
retries the enlistnent. Exenplary resol ution
o bt thismzmnhervequith eahardadswap spustind may bh emehpaed) atdthe
resol ution operation 418. [0039] FIG 5 illustrates
examrcrtoh ingieted in loca, BRhrédmemaminist fongpdatddrmsisag ldcations
in a direct-update software transactional nenory
inpttendfaciiom, A | og entry operation 502 reads the pointer
(e.g., areference) froman entry in the read
t r f0OSALt ifake debdtersibn Vilge fepREBRGH AL QTvritkdaith theteRligment
poi nter, an enlistnent record operation 504 reads the
1¥€r$ blthe @b Atirebd sy 18 birgdntRiHsactiog Adh BS T EhA R GogMak h
the nmenory address. A decision operation 506

ARLBTHEEN@satd Y Revritt Berith Wethe 8agent ALt aH@FRItARad can
field actually represents a version, a mark indicating

th&1€ly Coitm@8 tas il BRERIVy RRtinvatiorPopdRkikn i W it &Rl daRAnS PR R khe
transaction. [0040] If the value read fromthe version

théRordl allfes3 Qlrbidly! YF the YAl $£:08n vAud RBRsQREMBERITePAftten to the
reads the version fromthe transaction log entry from

MbteBntrBRr PO tHE REMLS: asagyess%fﬁ%ﬁsﬁ%@gcﬁm%hanﬁgﬁu%ﬂgg&ﬁg log

entry operation 502." If thé two versions nma
. o e b
e B PR 5 S RS T R MR T

tH}‘éQ&’fn%@Q Q g;%%ﬁg&'gé&gér’]c%% g:‘iiS X\%}f{cﬁent %ﬁ“lgg e regffk{tlﬁlgﬁg E§Qr¥11§l¥ry

was not update her rea urin

' thi S, . t.al] | entries in
HATREEH fs bheAtelol et iGerelbufl et B e
llgransaction to that nmenory address are valid

cur.ren
%ﬁ@ﬁﬁhe transaction may be valid. [0041] A decision

o] | 0 2 det erm nes whet her next transaction .
DAL 7B 3B Skl et Q00T oG fnsaggion in

,0cessi n roceeds to | og entry_operation 502. .
- 4RSI Sofvalt, FrseeoBplaRenary i ab o Jpeandy RPETalerLEg reads
%ronwthe conq;tne t operation and sets the status of .
PROTRIEF (F 8 IHIPIIRLSA SOMAR SRy tihe eapnsagtion list ofdhesiransictign

log. Using this pointer, an enlistment record operation 504 reads the version field of the
enlistment record associated with the memory address. A decision operation 506
determines whether the value read from the version field actually represents a version, a
mark indicating the current transaction, or a mark indicating another transaction.

[0040] If the value read from the version field is actually a version, a read
operation 508 reads the version from the transaction log entry from which the pointer
(e.g., areference) was read in log entry operation 502. If the two versions match (as
determined by decision operation 510), the thread may still be able to complete
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operation 520 updates the version val ues of all
enlistnment records associated with wite transaction
WO @/ 0ed302i es to indicate that a transacti on cPOpPUS1086029327
successfully in association with that nmenory | ocati on.
A term nation operation 522 renoves all transaction
sucergSTulky pecausefthegnemerns address aspeeipter with ghemverertdpeensty wasaot
transaction log itself. [0042] |f the decision
upsipe by pegiha tigeaticdusingihe dignsaptinn. dhthisietras fonsll thg enties in the
match, the msmatch indicates that the reads to the
repbigysgetion diat plbrsadswithimthe gairend traesectipndo thatmemonyragldress are
address was updated by another thread during the
vatidapdihe tianseaeuondyore. validh t hi s case, processing proceeds
to a failure operation 518, which signals a failure of
t [004dd mA devisitin oppretiat 3 1@nletekmintdehetier @ nednraafotién log entry
operation aborts the transaction, as described above.
exiBOid He tedd trdmBactien iisti Misopreceasin®probddds wabeentiyrupsratibas02.
the value read fromthe version field of the
Otheiwiss, Beiticeds ®pErhitbnasl  Wizhhly a EIRPES FiRhi the edhhB@Bitiobér@fion and
i ndicating the current transaction, a reading

se@IRS @ithOBF thd EurfebBreimsAtiYeIog @ COWAVIEHD. OAWérsidhingt Ch
field. In one inplenentation, the scratch field is

orReediibn 950 LiftRtes MeiveisiRVhuE LSRG nBtmbRSedSRIFREW R W Swrite
In an alternative inplenentation, the scratch field is

trépls&ViBA liktenBes R ThdiYatd thal \@ankiRDS 86hpIOEd biRBessfllP GRS Hion
then proceeds to the read operation 508 and the

wiEHSh AR esALLL M BlQinh oL QRRALE 53R mbSEsH IR Ed-A5R foQ e
scratch field to the version in the transaction |og.

ertlfdd Hbln thb txiaﬁh%cdtﬁfl%éénﬁr&ld%&@ E@Ftiaﬂ&cﬁ@flg@?%&{. m nes that

the val ue rea romthe version fi he

ie ﬂi&iﬂ?!‘ ”Ffﬂlhe Elgc?s?ingorp%fahgﬁg 1@/ (%&EG?BEH%? g'%{ tﬁl% gé}?iiglq%e%bt 1{0{;} iléi%{ch, the

ting ano ransaction,
BB A5 T el 5o Rt RESL Pt yFRRLL L
543D T SaTh ) ol b Bl Lk BBsacton. s
R e A LML L
i npl ementin 't%gﬂ%l nventi on incl udes artgt%ner al purpose

co ?qt ﬂgerg Grmpre Aty loﬁ]oaffra’réon abo e transaction, as

described above.

[0043] If the decision operation 506 determines that the value read from the
version field of the enlistment record actually represents an identifier indicating the
current transaction, a reading operation 516 reads a version value from a scratch field. In
one implementation, the scratch field is part of the enlistment record of the memory
address. In an alternative implementation, the scratch field is stored in an entry in the

transaction log. Processing then proceeds to the read operation 508 and the decision
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conmputer 20, including a processing unit 21, a system
menory 22, and a system bus 23 that operatively
wa@omploesovar i ous system conponents incl ude t hePCYEEBNG/029327
menory to the processing unit 2 1. There may be only
one or there may be nore than one processing unit 21,
spewdtion AHE totchmppre dlaceession fvdm thespratck fielddo themersicds the
single central -processing unit (CPU), or a plurality
wénsptioe bgsi ng units, commonly referred to as a
paral | el processing environment. The conputer 20 may
be [@04dd n¥ixhe devisidn aperqtioh 806 deteralingé thabitié esluc @aP BbArthe OF
any ot her type of conputer; the invention is not so
Vdrgiort Bld of 100 dilistnIdie resysitaeimibtisprdsentsay idkatifienindibating another
several types of bus structures including a nmenory bus
BinsAEOR ihe pank t@the diiemoy fRlkdsPRGFRIudBUBY arbuddlel FAsSher
fabric, point-to-point connections, and a |ocal bus

¢oRbiEEntitnsation Yidreiey the ffailiktSopdFatibh § B-dista®S trahBftion failure.
system nenory may al so be referred to as sinply the

FR{Feibore, 3R dbdrNEderARS abQBIhORIn¥aciBAME HescidWabdde. and
random access nenory (RAM 25. A basic input/output

sy §6¢a8] ( @h@erxé}?arly ﬁ%‘gﬁvr@rﬂgﬁhg %pe%igft:ﬁ&gﬁvcﬂo‘ﬁ ARG S %OE at

help tO transt en elements wthin
RorfATRULE nveionSHd ' pHfhg deSictPHE o
b SR S el 5 S S e S P
' . . ' . n i tin a_hard di sk
(it 20, eBlarf EORLOR G B A0 o b0 2l Qi 2
I Ld | e magneticdi sk,29, and an
B BB BB AR FRR R P i Preiouts g
[ vabl ptical disk 31 such as a.CD or_other .
S R S TN e R S S S
di. drive 28 and optical djsk drive 30 are gonnected
R Sk 61 B iR ESo s SR tronpbies Gompls SeRr i eming
32 nefic. di sk drive interface 33, and an optica
i P RC B ey PR CeB e it B ool R ek ng
t hei r. associ at ed_conput er -readabl e nedj a provi de
BFRITRELGE PPy BErecppuiss A (e Py & o B iona HESMPUEE Fons
$at€ sfructures, program nodul es and ot her data for
Ip{Ebyt pafer. g any pthetypg of comPYpthe dpventin ippot sedignited.
skilled in the art that any ;ége of conputerreadabl e
e 10461\h Thesyistem s @B enayde any elevera typse eSbyiststractiygs mcluding
conput er, such as magnetic
a memory bus or memory controller, a peripheral bus, a switched fabric, point-to~point
connections, and a local bus using any of a variety of bus architectures. The system
memory may also be referred to as simply the memory, and includes read only memory
(ROM) 24 and random access memory (RAM) 25. A basic input/output system (BIOS)
26, containing the basic routines that help to transfer information between elements
within the computer 20, such as during start-up, is stored in ROM 24. The computer 20
further includes a hard disk drive 27 for reading from and writing to a hard disk, not

shown, a magnetic disk drive 28 for reading from or writing to a removable magnetic
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cassettes, flash nmenory cards, digital video disks,
random access nenories (RAMs), read only nenories

WO ROWB)630aNd the |i ke, may be used in the exenpCHU$2006/029327
operating environnment. [0048] A nunber of program

es, may be stared on the hard disk, magnetic disk
‘ggf oB1q aélé%tlﬁﬁ? éﬁ}( S5 ve Joyor peading frommumzising fowetendivaige aptical
@gﬁgating system 35, one or nore application prograns
St afrld §OMPhethen ptca mediand program data 38. A
user may enter comrands and information into the
pel®dnhi Thohasdidisk d2e 27 megngtic disk dtivel2s; mabsptisalctiskakiva 30
keyboard 40 and poi nting device 42. O her input
Fesanpected(ta gre sgtiemhys 28y 4 Ierd didle ddvenhterfagetBan@magnetic disk
prstick, ganme pad, satellite dish, scanner, or the
rive énterfpe 3% anheh aptiedrdiskrvpive irderfice 84 respecti@bliy e Mhe drives and
connected to the processing unit 2 1 through a serial
thedr assqciptedrebmpuatedBaddbiet media prouide achvoRititehorSyesIf ebmpPSr-
but may be connected by other interfaces, such as a
resalpllt instrugtions, datg atnestyres; progeain ModliMs\eal Sehbr & fortheRBSputer
(USB). A nonitor 47 or other type of display device iIs
28| $ohavhbegipediated byhioss ylsill&mnbhbsart?tﬁat\éh?t}?e of Bk Gce,
such as a video adapter 48. In addition to the
revdlable media odivhictiestsrelduRithalid tcdstiblewga cOmpPREr, BRI R BBkAc
out put devices (not shown), such as speakers and
cpusettes,effash 6l 9]cart Qi SIeNPIdL S Hisid) rafBdm 9REEAhEndefs MS%
net wor ked envi ronnment using | ogical connections to ofie
réal ORIy mReni RiFD (ROMISY B 18E Ske, B 49.
Thegg Iogicaf connecti ons g%gmggﬁﬁéﬁgg%gv&gﬁngg&nnE
efdroameatcat i on devi ce coupled to or a part of the
conmputer 20; the inventionis not limted to a
paobasiul ' ' evice., The. renot e,
C ot e R ot Boe AU A AR R oy e sk o
df; ; : iN . peer devi ce or _other
e RS M2 o el A e B bt S sGyone o
(O S I bed ove relative to the
e 08 P A Db S B S meBiIEY T g oty e e

D BBl A Bfof “E%’ o IBsPRE Py Ddmpetine
ST e 05 B B oS
mg§ ¥n\éﬁrdcle( 3 mié?-é‘ﬁh%%& ﬁci)ységék\fmggrge pad, satellite dish, scanner, or the like. These
and other input devices are often connected to the processing unit 21 through a serial port
interface 46 that is coupled to the system bus, but may be connected by other interfaces,
such as a parallel port, game port, or a universal serial bus (USB). A monitor 47 or other
type of display device is also connected to the system bus 23 via an interface, such as a

video adapter 48. In addition to the monitor, computers typically include other

peripheral output devices (not shown), such as speakers and printers.
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conmput er networks, intranets and the Internet, which
are all types of networks. [0050] Wen used in a
waQ 207 ned3enr Ki ng envi ronnment, the conputer 20 i BCT/US2006/029327
connectedto the local network 5 1 through a network
interface or adapter 53, which is one type of )
c U1849hi The compntef@Piney opHaEAn  setorked snwipmget usnelegien]
envi ronnent, the conputer 20 typically includes a
comnetsinnG4 ong orreoraaeriota cRIpRUES, suchtagpemaelé canaprierdioc dhessns
device, or any other type of communi cations device for
logisslabhnestivnsgrecashieued hyat doomyingnation ddvisewpdedio@aa part althk
52. The nodem 54, which may be internal or external,
canputeo Adiale mdention ismet BpgedimapagiciBr ypaof doensmidatibnsglsyice.
interface 46. In a networked environnent, program
Theoembie somppiec4faday @l abibwecohnputeh e spees o naltercongrerddP(20,
or portions thereof, may be stored in the renote
clizat)yd pyer sevicagetite voraon hdtwork nap aed tyaicely inblatestrhany or all
net wor k connecti ons shown are exenplary and ot her
oftRsd1emétits @sackied abaie irélativiean thedempaes2( althotgh adly b stenivgy a
comuni cations |ink between the conputers nmay be used.
stbra@bdelvick 30 ks %e Mpktdtad in MG SGTETHeAbdieD coriections depicted in
TransactionStart() nodul e, an EnlistAddr For ReadO

FIOP @ idctude ANodalhries hAREkDAYY 51 8d a WLk, nefvork EWAN) 52.
Transacti onRead() nodul e, a Transaction Wite() nodul e,

Sith hEARPIARS EAMORAEHE dre BREMbEDlad id bARES AGIvhAB, daRRFHst Ride
nodul e, and ot her nodul es nmay be incorporated as part

copulel RetMBAL AnirAtsS%E HRThidmet, MR 25811 9PLsRT REHBNE. 36,
or ot her program nodul es 37. Transaction | ogs,

e S e D
e Mal h . . . Lok o .

Tk MRLATER bl L ROBIALE RIDRSS en s
be. il t . ) .

o W28 P ATRERE e P B S0SOAR hiorng epyropene o

t d int t ed hi

oD byl BeRgRT ek &2 5 B HESRBRER Ee R Ot arvs

Li kew se, the descri tionsfof varj%us goq?qpengbrh.

cmR SO Vise oA PP CapEn R SR T tablisting

execyted or effected by t '
communlfcations over the w? e area etwor}l% SE.D ”gllilel nelcs)demT?f V\lr‘hlec?llillllgyl br(]:qntemal

or external, is connected to the system bus 23 via the serial port interface 46. Ina
networked environment, program modules depicted relative to the personal computer 20,
or portions thereof, may be stored in the remote memory storage device. It is appreciated
that the network connections shown are exemplary and other means of and
communications devices for establishing a communications link between the computers
may be used.

[0051] In an exemplary implementation, a TransactionStart() module, an
EnlistAddrForRead() module, an EnlistAddrForWrite() module, a TransactionRead()
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i mpl ementation is a matter of choice, dependent on the
performance requi renents of the underlying system
wo pprensnt i ng the descri bed technol ogy. Accor dPamyUg2006/029327
the | ogi cal operations making up the enbodi nents of
t he technol ogy described herein are referred to
mggyle, @ljfmsaq@nﬁ\ﬁé?&moewg,a LranspaionAperi(} mgdulga Fraenartion,
Furthernore, it should be understood that |ogical.
CopmitQtmastyie, ardother musdules mag Be ingorgerpted agingrt ofthe eregating
explicitly clainmed otherw se or a specific order is
systeheSe pplipativaceegsimal e dr ghermreran giodileahy ubigesactjandos)
The above specification, exanples and data provide a
edistmsinbreeorde sud pibel data rofy herstorest asppeagusre daiad8use of
exenpl ary enbodi nents of the invention. Since many
e ifoai2] ndihe sechfiolbgyedeseribedhérein iciampldmentedce logidahopetations
departing fromthe spirit and scope of the invention,
afidi@ modvlenin @e of emrdgstemn Thedogitd iopsratieis @aydk ti@plemented (1)
appended. In particular, it should be understood that
ad heqeascof et sdoedhiplemegs stdy cheutimihoyedr mocgepapaent
of a personal conputer. O her enbodi nents are
syisteals @h@ (29 a€ Difdr&mRtaéEdachingionBircMiAddBleClvith MEdRe bSimok. A
nmet hod of managi ng nenory access to a shared nenory
cosildrispifenttd. tTHkdwise, tHeRGRBliomRBf @driods Edridneiitthi®Rlks niah @e
shared nmenory | ocation being accessible by the first

ploR{aBRH e & opEEIE ckdtiRa@dy eftddRd B HRARLFRRP Théieb@fing
identifying an enlistnent record associated with the

iR EhQehti0R B Math@ GRERSR; ddpBAdehitE théiSerRith bkl T8 Mirem &R O6 Che
to reserve the shared nenory |ocation for the

uﬁcfeﬁ?@@%sitéﬁpinlxqﬂléméd?ﬁ§ A desth BB cHnB o8y dALOH R AL e %%ical

conflrct wt a wile nenory access to the share

Oé%%ﬂebﬁ% rﬁ%@ﬁ?gﬁ ?‘{é} gmsf)oﬂi%g@ SRR tchfliGR%es@ited g@rlgi;ﬂ;af’é reftridd to

har e menory | ocatli on an

v?rg)?l%lﬁ 2§ §peirelrill.rigﬂgl gféﬁg ?)bjggtg,'or ?ﬂo.da-lgﬁ m&%r fit s‘%\ﬁh% ;!mderstood

I ‘conpri’si erformn I'n the transacti on

tHAt fgﬁéfcgl%p%ﬁgt{s%a%lco%%%ﬁfoﬁr%dtnhﬁly%l?@err,etgﬂég? g&orli}fitly claimed

otherwise or a specific order is inherently necessitated by the claim language.

[0053]) The above specification, examples and data provide a complete description
of the structure and use of exemplary embodiments of the invention. Since many
embodiments of the invention can be made without departing from the spirit and scope
of the invs:ntion, the invention resides in the claims hereinafter appended. In particular,
it should be understood that the described technology may be employed independent of a

personal computer. Other embodiments are therefore contemplated.
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| ocation, responsive to the marking operation. 3. The
nmet hod of claim 1 wherein the marking operation
wa@oempniases: witing a transaction identifier tpCT/IS2006/029327
enlistnment record, the transaction identifier
identifying the transaction of the first thread. 4.
The nmethod of claim1l wherein the enlistnent record
indicates a conflict by acmimd € menory access to the
shared menory location by a second thread, if the
WM T N oBAIMERGESr d i s marked by the second thread. 5.
The nmethod of claim 1l wherein the undo | og includes an

O e, 4 SRR Gablind PELG, AT OCRHlery BLAR i o

er co
trwrsad:tioﬁ of 4 fiet thevat ahé shated mhénsorpEsaindeing asctwmblel bprﬁﬁrryt

| o ons n idual. wite accesses are
thﬁ‘if"lﬁ b‘fd\#ﬂ?eégfég% etﬁ?%‘é‘?}nﬁrﬁmtgh e sequence. 6. The

met hﬁéhtl@flnginl%rﬂﬁhtheﬁw&@& ﬁlsscgi@t’ﬁdl with t‘rgfshdired: meshonyglodation;

transactign entr ncl udi n reference to the

o etk e ca g mant et rrasteve s el Bmny Pyt fidhe
traﬁ%ﬁ&roﬂ 66 ih Bnidstthéd B&aﬁt {n@iBatbOR BRMicEkit NYrite AABASGab&@Ss to

entries of a urallt of write menory accesses
ﬂwsgqﬁ%m@rﬁwﬁwaﬂ %t'ihsﬁewn @4 hod of claim1

fur txla&frdlﬁg BRI Shd3Go tHefshirb®meRbiy3édaBaH arddafQbkehtd 6 £RinAs
a confl by a wite nenory access to the shared

lagenory | ocation by the second thread, resolving the
conflict to allowa wite nmenory access to the shared

menoy, wh&&e&b@afawm firthfleompaggact i on of the first
thread. 8. The nethod of claim1 further conprising

wr i t perigrraing ajihindhe frgnsaciian @évrtt@mﬁm@wﬁmsaom%hafeéelaﬁnaory
1&&@&%@&%@% tﬂaemkyngl Qeakben at termination of the

t ransac he method of claimlwherein the
enl i st nent record i ncludes a version field and the
mar k¥-nghopethad Phraigohhergiadhe pakine aPHEHIWSRIEHES: of the

ver syafnd d #dndackiBn e ¢ the bhikfont record, the transaction identifier
identifying the transaction of the first thread.

4. The method of claim 1 wherein the enlistment record indicates a conflict by a
write memory access to the shared memory location by a second thread, if the enlistment

record is marked by the second thread.

5. The method of claim 1 wherein the undo log includes an ordered sequence of
shared memory location references and associated contents, and further comprising:
writing the contents to the associated shared memory locations, wherein

individual write accesses are performed in reverse order in the sequence.

6. The method of claim 1 further comprising:
recording a transaction log entry including a reference to the enlistment record,
the transaction log entry being recorded in a transaction log containing transaction log

entries of a plurality of write memory accesses within the transaction.
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witing a transaction identifier into the version
field. 10. A conputer-readabl e nedi um havi ng
weompoi@nz execut abl e instructions for perforn PgI/as2006/029327
conmput er process inplenmenting the method of claim 1.
11. A_nmet hod of nmnagi ng menory access to a shared
nenory'nﬁﬁﬁﬁh%ﬁPﬂM%qmlﬁﬂﬁwfW&ﬁyauglon of a first -
thre Iy ng accessi y
{he. 1y D piIBR R B TR o AR AT PR RERR S o e
sbyl %W@Pﬁ’docﬁtlﬁé hy thepeaend ﬁmaémes@mgmb coftiontol allow a write
t r | ocat i n
B Bl R R BT R sl hpcfpofife ofhnead
transaction, the transaction log entry referencing the
enl i 8t @ﬁ@%@é@fdﬂméﬁmhat@mmsmg the shared nenory

| oca Ss to the

shar o e S bR ARt BREGE St e
lqcatien attgymination efftble tammitioni ng t he transaction to the
read nmenory access, if the transaction |log entry and

h f d do, not icate a
Lhe et pRag oPOP! IRILNRORIL I8, A0k LORESLS 2., o
anfbthamadﬂngagpetdmensmmsds thread, responsive to the

exec [ at i nmet ho f claim1l

whe r%%%aﬁﬁggmh S%@ﬂ%ﬁ?“?%%%ﬁﬂl?ﬁ%ﬁ da version

fi el writisgadtrinsadtior ideadfigp iits tRGersioagridig contents of the
version field of the enlistnment record, prior to the

rati andif the contents represent a
R B B b e T o bon for

patimong aandgipn@r proedss infiferhénding Betohhbd F91a8RY Ty for the
enlistment record has already been generateghmnthln ]

the n . 13. The nethod of claim llwherein the

enlis f A rﬁ$ﬁ gg?a&aglﬁ%inﬁl&gg AGCeFR 1o Bared memygry lgpation within a

trénsadtioe of e ﬁmpthlr@tl,rtge sHaﬁ:ﬂdmder? mhmtb%mgfacée%bw 8f HleGhst

nl i record, prior to
threag and £ ];eCtOl’? threead the metﬂod comprising: P

identifying an enlistment record associated with the sharéd memory location;

generating a transaction log entry associated with the transaction, the transaction
log entry referencing the enlistment record associated with the shared memory location;

executing the read memory access to the shared memory location within the
transaction by the first thread; and ‘

committing the transaction to the read memory access, if the transaction log entry
and the referenced enlistment record do not indicate a conflict by a write memory access
to the shared memory location by the second thread, responsive to the executing

operation.

12. The method of claim 11 wherein the enlistment record includes a version
field, and further comprising:
reading contents of the version field of the enlistment record, prior to the

executing operation; and
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executing operation; and if the contents represent a
transaction identifier of the second thread, aborting
wo b@7i@nsact i on. 14. The nethod of clai m 11wheePUR20061629327
enlistnment record includes a version field, and
furth i sing: reading contents of the ver si on
field %f’ c?rﬁg“teﬁp’(eé?%HﬁnSF@@éﬂ@ntlﬁ?rloé Fhetﬁrstttheadexeimuwwd'mg
d
VBl ic: Tetoring The verol o el pen e e LB
BHHEﬁiWV 15. The method of claim 11 further
conprising: identifying a conflict by a wite nennry

accegs. Ti heiRoSOHRIAH 1THIRM th@%ﬂ%ﬁ%% ?r?ll I?I?Ctlud%%g yersion

hread if a version value rec
qﬁydeEE”ﬁmg match a version val ue recorded |n

t h e ehldinslcoRihts B?ﬁl@ rvg'gﬁx‘ﬁ LIRS e %ﬁlls%{’lel{:[ fec arcf gﬂ%rrtf) fd}?g

The met hod of claim1l ther conprrsin
pRting appsations ol i f a confllct is |dent|f|ed 17. The

met h@f@h@éon‘f’dn?é r@g)r!:s’le §1rrc zﬂ:t&)rl? dfgﬂieﬁg 8?&5’}1? gvﬁg aborting the

i ncl udes a vers and
tragspgtiony from a scratch fleld associated with the _
enlistnment record a version value previously stored in

ecor.d; and .
fZZJ?Pﬁ#@%&f@%&%{@F‘% } Ofre oS enl 70 HicnSe vesviome

figktapustfurthersomptisiogt | on by the second thread, if a
action Iog entr

does rupl Bttt GRAC UGSt il §6int ETREEGH v Aarietre.
esesutingdpefatiohphndt t he time of conmitnent. 18. At o
um hayin nmput er - execut abl e
an? ‘ﬁfﬁ °°8E68%ff8%res§%frafv&rsm%vg}/ ; gfmglagéhe V§fsipmaialyie in the
tiangpttemelog entgy. t he net hod of claim 11. 19. A nethod of
managi ng nenory access to shared nenory |ocations

W t hi? The method of claim 11 further comprising:

identifying a conflict by a write memory access to the shared memory location by

the second thread, if a version value recorded in the transaction log entry does not match

a version value recorded in the enlistment record at the time of commitment.

16. The method of claim 15 further comprising:

aborting the transaction, if a conflict is identified.

17. The method of claim 11 wherein the enlistment record includes a version
field and further comprising:

reading from a scratch field associated with the enlistment record a version value
previously stored in the version field of the enlistment record; and

identifying a conflict by a write memory access to the shared memory location by
the second thread, if a version value recorded in the transaction log entry does not match

the version value recorded in the scratch field at the time of commitment.
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transaction of a first thread, the shared nenory

| ocati ons being accessible by the first thread and a
waewohtsvhr ead, the nethod conprising: enlistipgr/ubmo6/029327
shared nmenory |ocations within the transaction; _

mai ntaining a transaction |og including a transaction

| og dft4 ForRYeIcicadable mgdium bavingtcomputateXegwtabla dhsanctions for

RAbHRhEE %mﬁ&&%&gg%ggeﬂfeﬁt AR RnBRBPIN,] patl on;

mai ntal ni ng an un ¢ Ing entries of wite
menory accesses to the shared nenory |ocations, each
ent r yYihBIcted e marreinidneney aesssdd sitasedl mermdry dotiasadthin a

i j ess_a rio
SR o IS T SR
thispebang aseeand shvgadg theanxthod comptisies: shar ed menory

| ocat . 1t L . J.ransaction to the
romasdel 12U SR RSB O O
oper Bingaining & trawsactioflbg intlutiyig a trassattnie@ty RBEREEE With the

il e R R N
conpueintaigngautalolleg inolsting eftiiens vt mpPRbFyIcBEsedh té the shared
n‘fveo@itioBg, %‘é‘cq]sesﬁtljy qPCllL?(HI?gani aggregsha%sogg%eq%thog shgle% Imn;mlo%/
location of the write memory access and prior contents of the shared memory location;
performing memory accesses directly to the shared memory locations; and
committing the transaction to the memory accesses, responsive to the performing
operation, if no conflict by a write memory access to the shared memory location by the

second thread is detected.

20. A computer-readable medium having computer-executable instructions for

performing a computer process implementing the method of claim 19.
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