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Abstract

Thispaperproposesa novelView-basedConsistencymodel

for DistributedSharedMemory. A view is a setof ordinary

data objects that a processorhas the right to accessin
a data-race-free program. The View-basedConsistency

model only requires that the data objectsof a view are
updatedbefore a processoraccessesthem. Compared

with other memoryconsistencymodels, the View-based
Consistencymodelcanachievedataselectionwithoutuser

annotationandcanreducemuch false-sharingeffect. This

modelhasbeenimplementedbasedon TreadMarks. Per-
formanceresultshaveshownthat for all our applications

the View-basedConsistencymodel outperformsthe Lazy
ReleaseConsistencymodel.

Key Words: DistributedSharedMemory, SequentialCon-
sistency, FalseSharing

1 Intr oduction

Distributed SharedMemory (DSM) has becomean ac-
tive areaof researchin parallelanddistributedcomputing
[16, 8, 4, 3, 1, 19]. A DSM systemcanprovideapplication
programmerstheillusion of sharedmemoryon top of mes-
sagepassingdistributedsystems,which facilitatesthe task
of parallelprogrammingin distributedsystems.The goal
of our researchis to make DSM systemsmoreconvenient
to useandmoreefficient to implement[10, 19]. In this pa-
per, we proposea View-basedConsistency (VC) modelfor
DSM, which is asignificantsteptowardourgoal.

Theconsistency modelof aDSMsystemspecifiestheor-
deringconstraintsonconcurrentmemoryaccessesby multi-
pleprocessors,andhencehasfundamentalimpacton DSM
systems’programmingconvenienceandimplementationef-
ficiency [17]. TheSequentialConsistency (SC)model[15]
hasbeenrecognizedasthe mostnaturalanduser-friendly
DSM consistency model.TheSCmodelguaranteesthatthe

resultof anyexecutionis thesameasif theoperationsof all
processorswere executedin somesequentialorder, andthe

operationsof each individual processorappearin this se-
quencein theorderspecifiedby its ownprogram[15]. This
meansthat in a SC-basedDSM system,memoryaccesses
from all processorsmaybeinterleavedin any sequentialor-
der that is consistentwith eachprocessor’s memoryaccess
order, andthe memoryaccessordersobserved by all pro-
cessorsare the same. One way to strictly implementthe
SC model is to ensureall memoryupdatesbe totally or-
deredandmemoryupdatesperformedat oneprocessorbe
immediatelypropagatedto other processors.This imple-
mentationis correctbut it suffersfrom seriousperformance
problems[17].

In practice,notall parallelapplicationsrequireeachpro-
cessorto seeall memoryupdatesmadeby otherprocessors,
let aloneto seethemin order. Many parallelapplications
regulatetheir accessesto shareddataby synchronization,
sonot all valid inter-leavingsof their memoryaccessesare
relevant to their realexecutions.Therefore,it is not neces-
saryfor theDSM systemto forcea processorto propagate
all its updatesto everyotherprocessor(with a copy of the
shareddata)at every memoryupdatetime. Undercertain
conditions,theDSM systemcanselectthetime, theproces-



sor, andthedatafor makingsharedmemoryupdatespublic
to improve the performancewhile still appearingto be se-
quentially consistent[19]. Under thesecircumstances,the
following threebasictechniquescanbe used:Time selec-
tion: Updateson a shareddataobjectby oneprocessorare
madevisibleto thepubliconlyat thetimewhenthedataob-
ject is to bereadby otherprocessors.Processorselection:
Updateson a shareddataobjectareonly propagatedfrom
oneprocessorto the processorthat is the next in sequence
to accesstheshareddataobject.Data selection:Processors
only propagateto eachotherthoseshareddataobjectsthat
arereally sharedamongthem.

To improve the performanceof the strict SC model, a
numberof weakerSCmodelshavebeenproposed[6, 9, 14,
2, 13], which performoneor moreof the above threese-
lection techniqueswhile appearingto be sequentiallycon-
sistent.However, noneof themcanachieve dataselection
withoutprogrammerannotation[19]. Wearguedpreviously
[19] thata consistency modelshouldnot imposeany extra
burdenonprogrammers,suchasannotationof lock-dataas-
sociationin theEntry Consistency (EC) [2] andscope-data
associationin the ScopeConsistency (ScC) [13] models.
In this paper, we proposea View-basedConsistency(VC)

model which, besidestime selectionand processorselec-
tion, cantransparentlyachievedataselection.

Therestof this paperis organizedasfollows. Section2
describesin detailtheVC modelandits properties.In Sec-
tion 3 theVC modelis comparedwith somerelatedmodels,
e.g. EC andScC,in termsof userannotation,dataselec-
tion, interfacefor programmers,andfalse-sharingeffect in
Section3. Issuesregardingan implementationof VC are
discussedandpresentedin Section4. Performanceresults
arepresentedandevaluatedin Section5. Finally, the ma-
jor contributionsof this paperandareasfor futurework are
summarizedin Section6.

2 View-basedConsistency

During the executionof a DSM parallelprogram,multiple
processorscommunicatewith eachotherthroughtheshared
memory. In sharedmemorysomedataobjectsare read-

only, and someread/write. To prevent dataraces(where
multiple processorsread and write the samedata object
concurrently),a parallel programhas to guaranteethat a
processorhasgainedexclusive accessbeforeaccessinga
read/writedataobject. This kind of parallel programsis

calleddataracefree.

We distinguishsynchronizationdataobjectsfrom ordi-
nary dataobjectsin sharedmemory, just like many other
DSM systems. Synchronizationdata objects are those
which are explicitly usedto enforceexclusive accessto
otherdataobjects,suchaslocksandbarriers1. The restof
thedataobjectsin sharedmemoryarecalledordinarydata
objects. Exclusive accessto the synchronizationdataob-
jectsis guaranteedby system-providedprimitives,suchas
acquire, release, andbarrier, while exclusive accessto the
ordinarydataobjectshasto be guaranteedby usingthose
systemprimitives. Like many Weak SequentialConsis-
tency models[11], sequentialconsistency for the synchro-
nization data objects is guaranteedby the system; how-
ever, sequentialconsistency for theordinarydataobjectsis
achieved conditionally, dependingon the underlyingcon-
sistency model. Therefore,we only needto be concerned
with theconsistency of theordinarydataobjects.

A view is a setof ordinarydataobjectsa processorhas
the right to accessin sharedmemory. We saya processor
hastheright to accesssomedataobjectif andonly if it has
gainedexclusiveaccessto thedataobjector thedataobject
is read-only. At any time point of an execution,suppose
any two processors��� and ��� have views 	
� and 	�� re-
spectively. Then 	���
�	�� mustonly containread-onlydata
objects;otherwisea dataraceoccurs.Fig. 1 shows a snap-
shotof views of processorsin sharedmemory. The over-
lappedpartof differentviews only containsread-onlydata
objects.
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Figure1: A snapshotof processors’views

Many DSM systemsrequireexplicit callsto acquire, re-

leaseandbarrier in programsto achieve weaksequential
consistency. An executionof sucha DSM programcanbe

1A barrieris asynchronizationdevicethatrequiresall processesto wait
for the lastof themto arrive at thesamesynchronizationpoint. It canbe
implementedby acquire andrelease.



viewed asa sequenceof barrier sessionsshown in Fig. 2.
A barriersessionbegins with a barrier andendswith an-
otherbarrier. Insidea barriersessionthereis a sequence
of regionswhicharedelimitedby acquire, releaseandbar-
rier primitives.A critical regionbeginswith anacquireand
endswith a release, while a non-criticalregionbeginswith
a release(the outermostone in nestedcritical regions)or
a barrier andendswith an acquire (the outermostone in
nestedcritical regions)or a barrier. A non-criticalregion
doesnot overlapwith any critical region, but a critical re-
gionmayoverlapwith anothercritical regiondueto thepos-
sibility of nestedcritical regions.

barrier session session
barrier

B
non−
critical
region

A
critical
region R

non−
critical
region

A region
critical

R B B

program order
B: barrier       A: acquire        R:release

Figure2: A view of a programexecutionbasedon thecon-
ceptof region

In aDSM program,exclusiveaccessto adataobjectcan
only begainedin thefollowing threeways:

1. implicit assignmentby theprogrammerinsideabarrier
session.Exclusiveaccessis guaranteedby barriers.

2. explicit acquisitionby calling the acquire primitive.
Exclusiveaccessis guaranteedby thelock mechanism
of critical regions.

3. implicit acquisitionby changingthestatusof dataob-
jectsprotectedby critical regions.For example,exclu-
siveaccessto ataskfrom ataskqueueis guaranteedby
removing thetaskfrom thelock-protectedtaskqueue.

Therefore, in an execution of a DSM program, only
when a processorcalls synchronizationprimitives, such
asbarrier, acquire, and release, doesits view change,as
shown in Fig. 3. A processor’s view is constantinside a
critical regionor anon-criticalregion. Only whenaproces-
sor movesfrom oneregion to another, doesit gain or lose
exclusiveaccessto somedataobjects.

According to this observation, views can be classified
as Critical Region Views (CRVs) and Non-critical Region

Views (NRVs). A processor’s CRV is its view while it ex-
ecutesinside a critical region. A processor’s NRV is its
view while it executesinside a non-critical region. More
precisely, the following definitionsaregiven for CRV and
NRV.
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Figure3: Viewsandtheir transitions

Definition 1 Critical RegionView (CRV)

A processor’s CRV comprisesread-onlydataobjectsand
thedataobjectsto which theprocessorhasexclusiveaccess
guaranteedby thecurrentcritical regionandthecurrentbar-
rier session.

Definition 2 Non-critical RegionView (NRV)

A processor’s NRV comprisesread-onlydataobjectsand
the dataobjectsto which the processorhasexclusive ac-
cessguaranteedby the statusof critical-region-protected
dataobjectsandthecurrentbarriersession.

Basedon the definitionsof CRV andNRV, we propose
a View-basedConsistency(VC) model with the following
consistency conditions.

Definition 3 Conditionsfor View-basedConsistency

) Before a processor�+* is allowed to enter a critical
region or a non-critical region, all previous write ac-
cessesto theordinarydataobjectsof theCRV or NRV
mustbeperformedwith respectto ��* accordingto their
order.

) Thesequentialconsistency of synchronizationdataob-
jects is guaranteedby the implementationof the sys-
temprimitivessuchasacquire, release, andbarrier.

A write accessto a memorylocation is said to be per-

formedwith respectto processor��* at a time point when



a subsequentreadaccessto that locationby �+* returnsthe
valuesetby thewrite access.

TheVC modelhasthefollowing properties:
) In the VC model,only whena processormovesfrom

oneregion to anotherregion doesits view change.A
processor’sview is constantwithin a region.

) In theVC model,whena processorchangesto a new
regionall thedataobjectsof its new view mustbeup-
dated.

) TheVC modelguaranteesthesameexecutionresultas
theSequentialConsistency modelfor a data-race-free
DSM program.

) The VC modelcanachieve time selection,processor
selection,and dataselection. Data selectioncan be
achievedby updatingonly thedataobjectsin thecur-
rentview of a processor.

3 Comparisonof relatedmodels

Amongthedifferentconsistency models,only ScC[13] and
EC [2] can achieve dataselection. But the VC model is
differentfrom themin thefollowing aspects.

User annotation: VC requiresno user annotationto
achieve dataselection.EC requiresthe userto specifythe
associationbetweenasynchronizationdataobject , andthe
shareddata -/. , where , controlsaccessto a critical re-
gion protecting -/. . This specificationis essentialfor EC
to achievedataselection.If thespecificationis not correct,
EC cannot achieve dataselectioncorrectly. ScCalso re-
quiresthe userto specify scopeannotationfor somepro-
grams,thoughit candetectscopeautomaticallyfor some
otherprograms.

Data selection: To selectively updatedataobjects,VC
usesa conceptof view, while EC usesguardedshareddata

-0. andScCscope. However, the view in VC is different
from -/. in EC andthe scopein ScC.Both -/. andscope
arestaticandfixed with a particularsynchronizationdata
objector a critical region. Even if somedataobjectsare
notaccessedby aprocessorin acritical region,they areup-
datedsimply becausethey areassociatedwith the lock or
the critical region. However, the view in VC is dynamic
andmay be different from region to region. Even for the
regionsprotectedby the samelock, the views in themare
differentanddependon the dataobjectsactuallyaccessed
by theprocessorin theregions.Becauseof this difference,

VC is moreselective thanEC andScCin termsof datase-
lection.For example,supposelock 1 is usedto protecta set
of shareddataobjects243657, �98;:<:<: ,>=�? . Becauseit is com-
mon for a processorto accessonly somedataobjectsin 2
after it acquireslock 1 , we canassumethe setof accessed
dataobjectsis 2A@CBD2 . Thenwhentheprocessorentersthe
critical region, the -/. in EC andthe scopein ScCare 2 ,
while theview in VC is 2�@ . EC andScChave to updateall
dataobjectsin 2 , while VC only updatesdataobjectsin 2 @ .

Interface for programmers: VC providesa simpleand
clear interface for the programmer: if a programis data
racefree, VC can guaranteethe sameexecutionresult as
SequentialConsistency. But EC requiresthe programmer
to providecorrectlock-dataassociation.If thelock-dataas-
sociationis not correct,EC doesnot guaranteethe correct
executionof theprogram.Similarly, ScCdoesnot guaran-
teethesameexecutionresultasSequentialConsistency for
somedata-race-freeprogramsif explicit scopeannotationis
not correctlyprovidedby theprogrammer.

Apart from theabovedifferences,VC hasmorepotential
to reducethe effect of falsesharing2 in page-basedDSM.
It canreducethe falsesharingeffect in the following two
ways:

1. Restrictthe propagationof invalidationnotices.Only
theinvalidationnoticesthatareusefulfor updatingthe
dataobjectsin a processor’s new view arepropagated
to theprocessor;

2. Restrict the effective scopeof invalidation notices.
Eventhoughsomeinvalidationnoticeshavebeenprop-
agatedto aprocessor, only theinvalidationnoticesthat
areusefulfor updatingthe dataobjectsof the current
view of theprocessorareeffectivein thecurrentregion
of theprocessor.

Wehaveshown examplesin [12] to explainhow VC can
reducefalse-sharingeffectin theabovetwo waysin contrast
with LRC and ScC. In the following section,we discuss
someissuesin theimplementationof theVC model.

4 Implementation

Therearetwo technicalissuesin theimplementationof VC.
Oneis view detection, andtheotheris view transition. View

2Falsesharingoccurswhenoneprocessormodifiesashareddataobject
that lies in the samememoryconsistency unit (e.g. a page)as another
shareddataobjectlies, while anotherprocessorreadsor writes the other
shareddataobject.



detectionmeansthatbeforeaprocessorentersanew region
weshouldfind outall thedataobjectsin its new view. View
transitionmeansthatwhena processor’s view changeswe
shouldupdateall thedataobjectsof its new view. Any im-
plementationof theVC modelshouldguaranteethatbefore
a processorentersa new region, view detectionandview
transitionareachievedcorrectly.

We have implementedthe VC model in the framework
of TreadMarks[1], which is a page-basedDSM system.In
our implementationof the VC model,we regarda pageas
thebasicunit of dataobjects.Thusaview in our implemen-
tationconsistsof pages.

4.1 View detection

View detectionis implementedat run time. In view detec-
tion, if a pageis not modifiedit is not necessaryto record
it in a view, becauseit hasno changeand thus doesnot
needconsistency maintenance.Therefore,only the modi-
fiedpagesarerecordedin a view in view detection.

To detectmodifiedpagesin view detection,our imple-
mentationtakes advantageof the following two existing
mechanismsneededby otherschemesin theDSM system:

1. When a write accessis performedon an invalidated
page,apagefaultwill occur. Thepagefaulthandlerin
theDSM systemcanbe extendedto recordthe faulty
page’s identifier in thecorrespondingview, aswell as
fetchingan updatedcopy of the faulty pagefrom an-
otherprocessor.

2. Whenawrite accessis performedonawrite-protected
page,a protectionviolation interruptwill occur. The
interrupthandlerin theDSM systemcanbeextended
to recordthe modified page’s identifier in the corre-
spondingview, as well as making a twin of the ac-
cessedpagein themultiple-writerschemeor obtaining
theownershipof theaccessedpagein thesingle-writer
scheme[5].

Becausetheabovetwo mechanismshavealreadybeenpro-
vided by the underlyingDSM system,thereis little extra
overheadfor recordingthe identifiers of modified pages.
However, if a pageis alreadywritable beforea new view
is entered,that pagewill not be detectedandrecordedin
thenew view if it will bemodifiedin theview. To detectall
modifiedpagesof aview, wemakeall writablepageswrite-
protected(read-only)beforea new view is entered.This is
the additionaloverheadrequiredfor view detection.From

our experimentalresultswe know this additionaloverhead
is trivial.

TheCRVs detectedin our implementationarecomplete
andaccuratesinceaprocessorenteringacritical regionhas
exclusive accessto thosepagesmodifiedby otherproces-
sorsin thesamecritical region. Unfortunately, anNRV de-
tectedin our implementationconsistsof all pagesmodified
by otherprocessorsin non-critical regions. That meansa
processorenteringa non-critical region may not have ex-
clusive accessto somepagesin its NRV. Thusa detected
NRV maybebiggerthantherealone.This inaccuracy only
affects the performance,not the correctnessof our imple-
mentation.

4.2 View transition

Beforea new view is enteredview transitionneedsto be
done. View transitioncanbe eitherbasedon the invalida-

tion protocol, which only invalidatesthosemodifiedpages
in the new view, or basedon the updateprotocol, which
only updatesthosemodifiedpagesin the new view. If the
invalidationprotocol is usedin view transition,the pages
thatarenot in thenew view but aremodifiedstayvalid until
somelaterview transitionneedsto invalidatethem.

Theupdateprotocolis suitablefor VC, asis theinvalida-
tion protocolfor LRC, becauseVC hasdonedataselection
throughtheuseof viewsandthusthepagesin thenew view
aremostlikely to beaccessedin thecorrespondingcritical
region. Thereforeupdatingthemstraightforwardlyhelpsto
reducethenumberof messagesrequestingupdatesandthus
is moreefficient thantheinvalidationprotocol.[19]

However, sincethe detectedNRVs arenot accuratewe
adopta hybrid protocol, which incorporatesboth the in-
validationprotocolandthe updateprotocol, in our imple-
mentation. The hybrid protocol is similar to the SLEUP
protocol[19]. It usesthe updateprotocol for the modified
pagesin CRVs, but the invalidationprotocolfor themodi-
fiedpagesin NRVs.

5 Experimental results

In thissection,wepresentanexperimentalevaluationof the
LRC modelandour implementationof theVC model.Both
of themare implementedin TreadMarks[1]. The experi-
mentalplatform consistsof 8 PCsrunningLinux RedHat
6.1, which areconnectedby a 10 Mbps Ethernet.Eachof



thePCshasa500MHz processorand128Mbytesmemory.
Thepagesizein thevirtual memoryis 4 KB.

TreadMarkshasadopteda multiple-writer scheme[5],
which was proposedto minimize the effect of falseshar-
ing. In themultiple-writerscheme,initially a pageis write-
protected.Whena write-protectedpageis first updatedby
a processor, a twin of the pageis createdandstoredin the
systemspace.Whentheupdateson thepageareneededby
anotherprocessor, a comparisonof the twin andthecurrent
versionof thepageis doneto createa diff, which canthen
be usedto updatecopiesof the pagein other processors.
Thusin themultiple-writerschemethepagediff, insteadof
thewholepage,is usedto renew anold copy.

Since our implementationof VC is basedon Tread-
Marks,wehaveto adaptto themultiple-writerschemeatthe
priceof false-sharingeffect. Therearetwo kinds of false-
sharingeffect: write/readandwrite/write. Write/readfalse-
sharingeffectoccurswhenoneprocessormodifiesa shared
dataobject that lies in the samememoryconsistency unit
(e.g. a page)asanothershareddataobject,while another
processorreadsthe other shareddataobject. Write/write
false-sharingeffect occurswhenoneprocessormodifiesa
shareddataobjectthatlies in thesamememoryconsistency
unit (e.g. a page)asanothershareddataobject,while an-
otherprocessorwritesto theothershareddataobject.In our
implementationwe can completelyremove the write/read
false-sharingeffect. However, to work with the multiple-
writer schemeproperly, our implementationhasto tolerate
the write/write false-sharingeffect. Thus the write/write
false-sharingeffecthasnotbeenremovedin ourcurrentim-
plementation.

We usedfour applicationsin the experiment: TSP, QS,

BT and Water. TSP, QS, and Water are provided by the
TreadMarksresearchgroup. All the programsarewritten
in theC language.TSPis theTravelling SalespersonProb-
lem. QSis arecursivesortingalgorithm.BT is analgorithm
thatcreatesa fixed-depthbinary tree. Water is a molecular
dynamicssimulation.Theseapplicationsarerepresentative
of bothnumericalcomputing(WaterandQS), andsymbolic
computing(TSPandBT). Table1 givestheperformancere-
sults.

In the table, VC i is the VC implementationbasedon
the invalidationprotocol,VC h is the VC implementation
basedon thehybridprotocol.Time is thetotal runningtime
of anapplicationprogram,Diff Reqis thenumberof mes-
sagesfor diff requests,RPF is the reductionin pagefaults

APP Model Time Diff Req RPF RFS Mesgs

(Sec.)

LRC 2.54 962 - - 2763

TSP VC i 2.56 960 - 0 2756

VC h 1.65 25 937 0 911

LRC 7.09 3267 - - 12209

QS VC i 7.15 3330 - 0 12375

VC h 4.59 791 1044 0 5301

LRC 28.26 11437 - - 79468

BT VC i 27.59 11347 - 792 79426

VC h 25.73 7429 3441 776 69342

LRC 19.86 12428 - - 96600

Wa- VC i 19.91 12423 - 3 96600

ter VC h 19.09 11891 511 3 95478

Table 1: PerformanceStatisticsfor applicationson eight
processors

dueto theuseof thehybrid protocolin theVC model,RFS

is the reductionin pagefaultsdue to the reductionof the
false-sharingeffect in theVC model,andMesgsis thetotal
numberof messages.

VC h vs. LRC
VC outperformsLRC for all four applicationstested.From
Table1 we know VC h hasimprovedtheperformancesig-
nificantly comparedwith LRC (35% for EF2A� , 35.3%forG 2 , 9% for HIE , and 3.9% for JLKNMPO>Q ). The numberof
diff requestmessagesin VC h is significantlylessthanthat
in LRC (97.4%lessin EF2A� , 75.8%lessin

G 2 , 35% less
in HRE , and4.3%lessin JLKNMPO>Q ). Thehybrid protocolhas
contributedvery muchto thereductionof diff requestmes-
sages.Consequentlythenumberof totalmessagesin VC h
hasbeengreatlyreducedcomparedwith LRC.

VC i vs. LRC
The implementationof VC i aimsat investigatingthe ex-
tra overheadof maintainingtheviews in VC andthefalse-
sharingeffectof applicationprograms.

FromTable1 weknow someapplications,suchas ES2��
and

G 2 , do not benefitfrom the implementationof VC i
becausethereis no false-sharingeffect in EF2�� andno re-
ductionin falsesharingin

G 2 dueto theinaccuracy of NRV
in the implementation.However, theperformanceof VC i
is not significantlyworsethanthatof LRC (0.7%worsefor
EF2�� , and 0.8% worse for

G 2 ). This demonstratesthat
theoverheadof view maintenance(includingview detection



andview transition)is only a trivial portionof theexpense
of thewholesystem.

As wementionedearlyin thissection,ourcurrentimple-
mentationof VC removesany write/readfalse-sharingef-
fect,but doesnotremovethewrite/writefalse-sharingeffect
asa resultof compromisewith themultiple-writerscheme
in TreadMarks.Thusthe TSUI2 showed in Table1 is only
the reducednumberof pagefaultsdueto the reductionof
thewrite/readfalse-sharingeffect. Amongthefour applica-
tions,only HRE and JLKNMPO>Q havethewrite/readfalse-sharing
effect,and6%of pagefaultsin HIE aredueto thewrite/read
false-sharingeffect. We have collectedthetotal numberof
pagefaultsthataredueto false-sharingeffect insidecritical
regions,andtheresultsareshown in Table2.

APP TPF RFS TFS

TSP 1002 0 58

QS 3084 0 2

BT 13963 792 4347

Water 12046 3 6

Table2: Numberof pagefaultsdueto thefalse-sharingef-
fect

In Table2, EV�WU is thetotalnumberof pagefaults; TXUI2
is the numberof pagefaults that aredueto the write/read
false-sharingeffect insidecritical regions; EVUI2 is thenum-
berof pagefaultsthataredueto all false-sharingeffects(in-
cludingwrite/readandwrite/write false-sharing)insidecrit-
ical regions.FromTable2, weknow thereducedwrite/read
false-sharingeffect in our currentimplementationof VC is
only asmallportionof thetotal false-sharingeffect (0%for
EF2�� , 0% for

G 2 , 18.2%for HIE , and50% for JLKNMPO>Q ).
Furtherresearchwill be neededto remove the write/write
false-sharingeffect in VC implementation.

Exceptfor HIE , however, the performanceof mostap-
plicationsis lessaffectedby the false-sharingeffect inside
thecritical regions,consideringtheratioof thetotalnumber
of pagefaultsthataredueto thefalse-sharingeffect inside
critical regionsto thetotal numberof pagefaults(5.8%for
EF2�� , 0.06%for

G 2 , 31%for HIE , and0.05%for JLKNMPO>Q ).
Thusthereis not muchpotentialfor VC to further improve
their performanceif thefalse-sharingeffect insidethenon-
critical regions is not considered.Detectingthe accurate
NRVs is an importanttaskto remove the false-sharingef-
fect inside the non-critical regionsand to further improve
theperformanceof theapplications.

6 Conclusion

In this paperwe haveproposeda novel View-basedConsis-

tency(VC) modelfor DSM anddiscussedimportantissues
for its implementation.Comparedwith otherDSM consis-
tency models,thismodelcanachievedataselectionwithout
userannotationandreducemoreof falsesharingeffects.Its
only consistency requirementis thatall the dataobjectsin
aprocessor’snew view mustbeupdatedduringview transi-
tion. Thefurtherrelaxationon consistency requirementen-
ablesVC to have moreroomfor optimizationin theimple-
mentationof DSM. TheVC modelcanguaranteethesame
executionresult as the SequentialConsistency model for
data-race-freeprograms.Performanceresultshave shown
that for all our applicationstheVC modeloutperformsthe
LRC model.Wehavealsodemonstratedthattheextraover-
headof view maintenanceis trivial.

TheVC modelappearsto betheappropriateframework
for futureDSM implementation,sinceVC hasthepotential
performanceadvantageto achieve themaximumrelaxation
of constraintsonupdatepropagationandexecutionfor data-
race-freeprograms. It is genericenoughfor the previous
modelsto beconsideredaslimited versionsof theVC im-
plementation.As aconsequenceit wouldappearthatfuture
implementationof DSM would bestbedevotedto optimiz-
ing dataselectionin theVC model.

Furtherresearchshouldbecarriedout underthe frame-
work of the VC model. (1) Accuratedetectionof NRVs.
Run-timeand compile-timetechniquesneedto be devel-
opedfor thedetection.Thesetechniquesaredifferentfrom
previous work on compile-timeoptimization, e.g.[7], or
run-timeoptimization,e.g.[18], which work at the level of
updatepropagationprotocol in LRC, insteadof the level
of a consistency model. (2) Efficient view representation.
The currentimplementationusesa pageas the basicunit
of a view. A pageis too coarsefor the representationof
views andmay result in propagationof uselessupdateson
thesamepage.(3) Reductionof thewrite/write falseshar-
ing. A new updaterepresentationscheme,ratherthanthe
single-writerandthemultiple-writerschemes,is neededto
reducethewrite/write falsesharing.
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