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Abstract
TheSharedResourcepatternis an architecturalpatternfor parallelprogrammingusedwhena design
problemcanbe understoodin termsof activity parallelism.This patternproposesa solutionin which
differentoperationsareperformedsimultaneouslyby sharerson differentpiecesof datacontainedin a
shared resource. Operations carried out by each sharer are independent of operations by other sharers.

1. Introduction

Parallelprocessingis thedivision of a problem,presentedasa datastructureor a setof actions,among
multiple processingcomponentsthat operatesimultaneously.The expectedresult is a moreefficient
completionof the solutionto the problem.The mainadvantageof parallelprocessingis its ability to
handletasksof a scalethatwould beunrealisticor not cost-effectivefor othersystems[CG88,Fos94,
ST96,Pan96].The powerof parallelismcentreson partitioning a big problemin order to dealwith
complexity.Partitioningis necessaryto divide sucha big probleminto smallersub-problemsthat are
moreeasilyunderstood,andmaybeworkedon separately,on a more"comfortable"level.Partitioning
is especiallyimportantfor parallelprocessing,becauseit enablessoftwarecomponentsto benot only
created separately but also executed simultaneously.

Requirementsof orderof dataandoperationsdictatetheway in which a parallelcomputationhasto be
performed,andtherefore,impacton thesoftwaredesign[OR98]. Dependingon how theorderof data
and operationsare presentin the problemdescription,it is possibleto considerthat most parallel
applicationsfall into oneof threeformsof parallelism:functionalparallelism, domainparallelism, and
activity parallelism[OR98]. Examplesof eachform of parallelismarepipelineprocessing[VBT95],
representingfunctional parallelism;communicatingsequentialelements[OR00], as an exampleof
domain parallelism; and shared resource, which is an instance of activity parallelism.

2. The Shared Resource Pattern

The SharedResourcepattern is a specializationof the Blackboardpattern [POSA96], lacking a
control componentand introducing aspectsof activity parallelism. In the SharedResourcepattern,
computationscould be performed without a prescribed order on ordered data. Commonly,
components perform different computations on different data pieces simultaneously [OR98].

Activity parallelism is the form of parallelism that involves problems that apply independent
computations(assetsof non-deterministictransformationsandperhapsrepeatedly)on valuesof a data
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structure.Activity parallelismcan be consideredbetweenthe extremesof allowing all data to be
absorbedby thecomponents(asin domainparallelism)or all processesto bedividedinto components
(as in functional parallelism) [CG88, OR98, Pan96]. Many components share access to pieces of a data
structure. As each component performs independent computations, communication between
processingcomponentsis often not required.However, the amountof communicationis not zero:
communicationis still requiredbetweeneachprocessingcomponentanda componentthatcontrolsthe
access to the data structure [OR98].

Example: A Token Space

Considerthe caseof a tokenspace[Gray99]. In its simplestform, a tokenspaceis merelya passive
storagestructurefor tokens, placed there by active processesnamedclients. A token may be a
specialiseddatastructure,a list, a datatuple,or anydatatypedefinedvia inheritancefrom somebase
tokenclass.Particularly,in this examplea tokenis consideredasa datatuplewhosefirst elementis a
typed field and whose other elementsare name-valuepairs, each one referred as a token item.
Moreover,a token may haveone or more token items that contain identification information. The
objectiveis thatoneor moretokenitemswill containdatathatarebeingtransferredbetweenparallel
clients.

The tokenspacesupportstwo operations:“put” and “request” [Gray99]. A “put” operationplacesa
tokenin thetokenspace,andit is capableof blocking for flow-control. If a “put” operationcannotbe
blocked,everydatasourcehasthepotentialto saturatethetokenspace.A “request”operationcanonly
succeedif its tokensarematched.Thematchingof a tokenfrom a requestrequiresmatchingof eachof
the token items that it includes.If a requestdoesnot match,it is blocked.Requestsfrom different
processesare handledby separatethreads,operatingon the token space.The blocking of any one
requestdoesnot affectrequestor put operationsfrom otherprocesses.A simpletokenspacewith such
characteristics is illustrated in Figure 1. 

Figure 1. Overview of a simple token space.

Notice that the token spaceproblemis more likely to be consideredas an examplefor concurrent
programming(whereprocessesexecutesimulatingconcurrencyon a singleprocessor)ratherthanfor
parallel programming (in which processes execute simultaneously on a group of processors). However,
it is simpleto explain,andit couldbean exampleof activity parallelism,if theclientswould execute
in parallel.
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Considering the token space as a parallel computation, it should be divided and distributed among a set
of processors. Clientssendmessagesto a serverrunningthetokenspace.Theserverreceivesmessages
from theclients,organisesandmaintainsthetokenspacekeepingits orderandintegrity,andsendsits
contents back to the clients. 

Context

Start the design of a software program for a parallel system,using a particular programming
language for a certain parallel hardware. Consider the following context constraints:

� Theproblemlendsitself to besolvedusingparallelism,andinvolvestasksof a scalethatwould be
unrealistic or not cost-effective for other systems to handle. 

� The hardwareplatform or machineto be used is given, offering a reasonablygood fit to the
parallelism found in the problem.

� The main objective is to execute the tasks in the most time-efficient way.

Problem

It is necessaryto apply a computationon elementsof a commoncentraliseddata structure.Sucha
computationis carried out by several sequentialprocessesexecutingsimultaneously. The data
structure is concurrently sharedamong the processes.The details of how the data structure is
constructedand maintainedare irrelevant to the processes.All the processesknow is that they can
send and receive data through the data structure. The integrity of the internal representation,
consideredasthe consistencyandpreservationof thedatastructure,is important.However,theorder
of operationson thedatais not a centralissue.Generally,performanceasexecutiontime is thefeature
of interest.

For instance,considerthe TokenSpaceexample.The whole processis basedon allowing clients to
simultaneouslyoperate,putting or requestingtokensto the token spacewhen needed.Parallelism
resultsfrom the fact that client processesthathavesatisfiedall their needsfor datacanthencontinue
concurrently.Theprocessessynchroniseactivitiesasnecessaryby waiting for othersto placetokensin
the token space.The integrity of the internal representationof the tokensand the token items is
importantfor obtainingafinal resultafterthecomputationis carriedout,but theorderof operationson
the tokens or token items is not pre-determined.

Forces

Consideringthe problemdescriptionand granularityand load balanceas other elementsof parallel
design [Fos94, CT92] the following forces should be considered:

� The integrity of the datastructuremust be preserved.This integrity providesthe basefor result
interpretation.Forexample,in thetokenspaceexample,it is importantto controlwhereandwhena
token is requestedor put, by synchronisingthese operationsfor such a token. This allows
preservingtheoverallorderandintegrity of the tokenspace,so thefinal stateof thetokenspaceis
considered as the result of the whole computation.



� Eachprocessperformssimultaneouslyandindependentlya computationondifferentpiecesof data.
The objectiveis to obtain the bestpossiblebenefit from activity parallelism.In the token space
example,clients indicate their interestin a token. This is the only occasionin which they may
interactwith other clients,via the token space.During the restof the executiontime, clientsare
able to operate independently from the others, using the data of the token.

� Every processmay performdifferent operations,in numberandcomplexity.However,no specific
orderof dataaccessby processingelementsis defined.In the tokenspaceexample,clientsarenot
restrictedto performthe sameoperation(in fact, performingthe sameoperationis consideredasa
variationof this pattern).Normally, clientsoperateor usetheinformationcontainedin thetokensin
differentways.Moreover,asclientsexecuteindependentlyfrom eachother,thereis no preciseor
defined order in which they request or put tokens in the token space.

� Improvementin performanceis achievedwhenexecutiontime decreases.Our mainobjectiveis to
carry out the computation in the most time-efficient way.

Solution

Parallelism is introduced as multiple participating sequential components,each one executing
simultaneouslyand capableof performingdifferent and independentoperations,accessingthe data
structurewhenneededvia a sharedresourcecomponent,which maintainsthe integrity of the data
structureby definingthesynchronisingoperationsthat thesequentialcomponentscando.Parallelism
is almostcompleteamongcomponents:any componentcan be performingdifferent operationson a
differentpieceof dataat the sametime, without a prescribedorder.Communicationcanbe achieved
only asfunctioncalls to requiredatafrom thesharedresource.Componentscommunicateexclusively
throughthe sharedresource,by eachoneindicating its interestin a certaindata.The sharedresource
shouldprovide suchdata immediatelyif no other componentis accessingit. Data consistencyand
preservationare tasksof the sharedresource.The integrity of the internal representationof data is
important,but theorderof operationson it is not a centralissue.The mainrestrictionis that no piece
of data is accessedat the sametime by different components.The goal is to make sure that an
operationcarried out by one sharer componentexecuteswithout interferencefrom other sharer
components.The SharedResourcepatterncan be consideredas an activity parallel variation of the
Blackboardpattern[POSA96] without a control instancethat triggersthe executionof sources(the
concurrentcomponentsof theBlackboardpattern).An importantfeatureis that theexecutiondoesnot
follow a precise order of computations [Shaw95, Pan96].

Structure

In this architecturalpattern,the different operationsare appliedin effect simultaneouslyto different
piecesof data by sharer components.Operationsin each sharer componentare independentof
operationsin othercomponents.The structureof thesolutioninvolvesa sharedresourcethat controls
theaccessof differentsharercomponentsto to thecentraldatastructure.Usually, thesharedresource
componentandseveraldifferentsharercomponentssimultaneouslyexistandoperateduringexecution
time. Therefore,the solution is presentedas a centralisednetwork, being the sharedresourcethe
centralcommoncomponent.An Object Diagram,representingthe network of elementsthat follows
the shared resource structure, is shown in Figure 2.



Figure 2. Object Diagram of the Shared Resource pattern.

Participants

· Shared Resource. The responsibilityof a sharedresourceis to co-ordinatethe accessof sharer
components,preservingthe integrity of data.In the tokenspaceexample,the tokenspaceactsasa
sharedresource,containingthe datastructureanddefining the operationsneededfor maintaining
andpreservingtheintegrity of thedatastructure.Suchoperationsaredefinedto control therequest
and put operations performed on the token space by the clients. 

· Sharer components. The responsibilitiesof a sharercomponentare to perform its independent
computationuntil requiringdatafrom thesharedresource.Then,thesharercomponenthasto cope
with any accessrestriction imposed by the shared resource.Since their computationsare
independent,all sharercomponentsare able to executein parallel. In the token spaceproblem,
clientsact assharerelementsthat executein paralleluntil they requestor put tokenscontainedin
the token space. Once satisfied, clients continue their computations independently.

Dynamics

A typical scenarioto describethe basic run-time behaviourof this pattern is described,where all
participants(sharedresourceand sharercomponents)are active at the sametime. Every sharer
componentperforms different operations,requiring the sharedresourcefor data. If data is not
available,the sharercan requestanotherpieceof data.As soonas datais madeavailablefrom the
shared resource,the requestingsharer componentcontinues its computations.Communications
betweensharersarenormallynot allowed.Thesharedresourceis theonly commoncomponentamong
the sharers (Figure 3). The processing and communicating scenario is as follows:

· For this scenario,considera simpleSharedResourcewhich is ableto performa coupleof actions,
Op.R and Op.W, in order to respectivelyallow reading or writing data. Each sharer starts
processing,performingdifferent, independentoperations,andrequestingthe Shared Resourceto
execute a read or write operations.

· Considerthe basicoperation:a sharercomponent,Sharer A, is performingOp.A1, requeststhe
Shared Resourceto perform a read operationOp.R. If no other sharercomponentcontestsfor
readingor writing data,the Shared Resourceis able to immediatelyservethe operationrequest
from Sharer A, without interference.

:SharedResource

:Sharer 1 :Sharer 2 :Sharer 3 :Sharer n



· Thingsbecomemorecomplexwhenonesharercomponentis readingor writing dataof theShared
Resource, andanothersharercomponentrequiresto reador write thesamepieceof data.Consider,
for example,that Sharer B is performingOp.B2, which requiresa writing operationOp.Wof a
particulardatapieceto theSharedResource. If while theSharedResourceis servingthis request,
oneor moreothersharercomponents(in this scenario,Sharer C or Sharer D) issuecalls to the
Shared Resourcerequestingfor a read or write operationof the samedata piece, the Shared
Resourceshouldbeableto continueuntil completionof its actualoperation,deferringthecalls for
later execution,or evenignoring them.If this is the case,any sharercomponentshouldbe ableto
re-issueits call, requestingfor serviceof the sameor otherdatapieceuntil the Shared Resource
makes it available. 

· Anothercomplexsituationthatmayariseis if two or moresharercomponentsissuecallsrequesting
thesamedatapieceto theSharedResourceat preciselythesametime. Consider,for example,the
previoussituationin thescenario:astheSharer C andSharer D callscouldnot beservicedby the
SharedResource, theyhaveto re-issuetheir calls,doingit at thevery sametime. In this particular
case,the Shared Resourceshouldbe able to resolvethe situationby servicingone call (in this
scenario,the writing requestfrom Sharer C), anddeferringor ignoring all otherrequestsfor the
samedatapiecefor later (asit is thecaseof the readingrequestfrom Sharer D). Again, thesharer
componentswhosecallsweredeferredor ignored,shouldbeableto re-issuethem,contestingagain
for the data piece serviced by the Shared Resource.

Figure 3. Interaction Diagram of the Shared Resource pattern.
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Implementation

An architecturalexploratoryapproachto designis describedbelow, in which hardware-independent
featuresareconsideredearly,andhardware-specificissuesaredelayedin the implementationprocess
[Fos94].This methodstructuresthe implementationprocessof parallelsoftwarebasedon four stages
[OR98].During thefirst two stages,attentionis focusedon concurrencyandscalabilitycharacteristics.
In the last two stages,attention is aimed to shift locality and other performance-relatedissues.
Nevertheless,it is preferredto presenteachstageas generalconsiderationsfor design insteadof
providing details about precise implementation.These implementationdetails are pointed more
preciselyin the form of referencesto designpatternsfor concurrent,parallel,anddistributedsystems
of several other authors [Sch95, Sch98a, Sch98b, POSA00].

1. Partitioning. The computation to be performed can be viewed as the effect of different
independentcomputationson the datastructure.Eachsharercomponentis definedto performan
independentcomputationon datafrom the sharedresource.Sharercomponentscan be executed
simultaneouslydue to their independentprocessingnature. However, the shared resource
implementationshouldreflect a division andintegrity criteria of thedatastructure,following the
basicassumptionthatno pieceof datais operatedat thesametime by two or moredifferentsharer
components.Therefore,sharercomponentsmaybeimplementedby a singleentity (for instance,a
process,a task,andobject,etc.) thatperformsa definedcomputation,or a sub-systemof entities.
Design patterns in general [GHJV95, POSA96, PLoP94, PLoP95] may help with the
implementationof thesharercomponentsassub-systementities.Also, patternsusedin concurrent
programminglike the Objectgroup pattern[Maf96], the ActiveObjectpattern[LS95, POSA00],
and CategorizeObjects for Concurrencypattern [AEM95] can help to define and implement
sharer components. 

2. Communication.The communicationto co-ordinatethe interactionof sharercomponentsand
sharedresourceis representedby anappropriatecommunicationinterfacethatallowsaccessto the
sharedresource.This interfaceshouldreflect the form in which requestsareissuedto the shared
resource,and the format and size of the data as argumentor return value. In general, an
asynchronouscoordination schema is used, due to the heterogeneousbehaviour of sharer
components whose requests can be deferred or ignored by the shared resource. The
implementationof a flexible interfacebetweensharercomponentsand sharedresourcecan be
doneusing designpatternsfor communication,like the ServiceConfigurator pattern[JS96], the
Composite Messages pattern [SC95], and the Compatible HeterogeneousAgents and
CommunicationbetweenAgents patterns[ABM96]. Other design patterns,like the Double-
CheckedLockingpattern[SH96,POSA00],theThread-SpecificStoragepattern[HS97,POSA00]
andpatternspresenteddealingwith issuesaboutsafeuseof threads,synchronisationand locks
[McKe95,POSA00],canprovidehelpto implementtheexpectedbehaviourof thesharedresource
component.

3. Agglomeration.Thecomponentsandcommunicationstructuresdefinedin the first two stagesof a
designare evaluatedandcomparedwith the performancerequirements.If necessary,operations
can be recombinedand reassignedto createdifferent setsof sharercomponentswith different



granularityandload-balance.Usually,dueto the independentnatureof the sharercomponents,it
is difficult to achievea goodperformanceinitially, but at thesametime, it is easyto makechanges
on thesharercomponentswithout affectingthewholestructure.A conjecture-testapproachcanbe
used intensively, modifying both granularity and load-balancebetweensharercomponentsto
observewhich combinationcanbe usedto improveperformance.However,especialcareshould
betakenwith the load-balancebetweensharercomponentsanda sharedresource.The operations
of the sharedresourceshouldbe lighter thenany sharercomputation,to allow a fast responseof
thesharedresourceto requests.Most of thecomputationactivity is meantto be performedby the
sharer components.

4. Mapping. In the bestcase,trying to maximizeprocessorutilization andminimize communication
costs,eachcomponentshouldbeassignedto a differentprocessor.As the numberof components
is usually expectedto be not too large, enoughparallel processorscan be commonlyavailable.
Also, the independentnatureof sharersallows for eachsharercomponentto be executedon a
differentprocessor.Thesharedresourcealsois expectedto beexecutedon a singleprocessor,and
all sharersshould have communicationaccessto it. However, if the numberof processorsis
limited and less than the numberof components,it tendsto be difficult and complex to load-
balancethe whole structure.To solve this, mapping can be determinedat run-time by load-
balancing algorithms. As a "rule of thumb", systems based on the Shared Resource pattern are very
difficult to implementfor a SIMD (single-instruction,multiple-data)computer.However, when
executedon a MIMD (multiple-instruction,multiple-data)computer,systemsbasedon theShared
Resource pattern  tend to have an acceptable performance [Pan96, Pfis95].   

Example Resolved

A versionof the tokenspacethat incorporatesmechanismsfor processcreationhasbeenimplemented
as a Javaclass,namedclassTokenSpace [Gray99, CN01]. In particular, this versionusesthreads
rather than parallel processes.In the time when this classwas developed,in most standardJava
runtime systems,the threadpackageswere unableto use multiple processors,so the token space
systemof this exampleis simply a demonstrationin which concurrencyis simulated.Furthermore,in
sucha threadedexamplethereis a further simplification: thereis no needfor a threadin the shared
resourceitself; the put() and request() functionsare executedby the threadsthat simulatethe
quasi-parallel processes [Gray99].

In this example,aninstanceof theclassToken containsa namestringanda collectionof tokenitems.
Client processesuseinstancesof a classRequest to retrieverequiredtokens.A Request instance
containsvectorsspecifyingthe requiredtokens,andtheir dispositions.Also, a Request instancemay
specify a “termination token”. After a failed attempt to match a requestfor tokens,the matching
checksfor any specifiedterminationtoken. Sucha token is normally left in the TokenSpace . Its
presencemay affect the operationof manyotherprocesses,allowing a process(like, for instance,a
data source) to mark the end of data with a token.

A simpleparallelsortingprogramis usedto testtheTokenSpace implementation,which controlsthe
instantiationof processes(more likely, threads)and sequencesthe phasesof a computation.The
programincludesdatageneration(a singleinstanceof a classSource ), sortingof subsetsof the data



(oneor moreinstancesof aclassSorter ), mergingof sortedsubsetsof data(oneor moreinstancesof
a class Merger ), and a final reporting elementthat usesthe sorteddata (an instanceof a class
Reporter ). Notice that the computationis comparableto a pipeline processing.Nevertheless,it is
consideredthatdecomposinga sortingtaskinto severalsmallersortingandmergingtaskswill havea
largeenhancementfor a an O(N2) sort, anda slight enhancementfor a morerealisticO(NlogN) sort
[Gray99]. Distributing subtasksdoes add to the computationalcost, but if multiprocessorsare
available,many of the separatesort and mergestepscan proceedin parallel, resulting in a shorter
elapsed time which is the main interest here, as it is mentioned in the context.

Partitioning 

Partitioningrefers to define the computationsto be performedon the datacontainedin the shared
resource.In the TokenSpace example,a typical client (asa thread)hasa run() function that may
initially submita numberof requestsfor specialinitialization tokens.Then,it loopsprocessingfurther
datatokensuntil someterminationcondition is met. The run() function mustendwith a call to the
TokenSpace , notifying the termination of this thread. This allows the record of threadsto be
maintainedcorrectly. The data identifying a classinclude information on any token that shouldbe
addedto the TokenSpace whenthe last instanceof a client classis removed.Suchtokenscanmark
the completionof particularphasesin a computationandcanalso trigger the instantiationof objects
thatwill performa subsequentphase.As it is mentionedabove,theparallelsortingexampleconsidersfour
typesof clients: a classSource for datageneration,a classSorter for sortingsubsetsof the data,a
class Merger  for merging sorted subsets of data, and a class Reporter as a  reporting element.

Communication

The communicationis representedby a communicationinterfacethat allows accessto the shared
resourceIn theTokenSpace implementation,The simpleJavaimplementationof the tokenspaceis
basedon themodifier synchronized , which causesthatthemethodis only invokedwhenthereis no
lock held on the TokenSpace . If the TokenSpace is locked,the client that invokedthe methodis
temporaryhaltedtill theTokenSpace is unlocked.So,theTokenSpace is is lockedby theinvocation
of a synchronized method, and unlocked when the method is exited. Additionally, in this
implementation,theplacementof a tokenin theTokenSpace triggersa checkagainsta tableof data
that relate token names to the Java classes that may need to be instantiated.

Agglomeration and Mapping

The main processstartsand initiates processing.After creatingthe TokenSpace object, it declares
datastructuresthat must be instantiatedto handlethem. In the presentexample,the classSource
handlesa StartToken (only a single instanceof this classis allowed), the classSorter handles
sort tokens(it canbecreatedasmanyinstancesof this classasseemto beuseful),theclassMerger
handlesmerge tokens (again, there can be more than one instanceof this class),and the class
Reporter respondsto the tokenmarking the endof the mergingprocess.Also, an endData token
shouldbeconsidered,soit markstheendof dataprocessingin theTokenSpace . Figure4 showsa test
program for the token space example [Gray99].



Figure 4. Class Test  for testing the TokenSpace Example.

A more detailed operation of this program is described as follows:

1. Theactionof placinga StartToken in theTokenSpace triggersthecreationof a Source object
with associatedthread (or Source process).The main thread can now terminate leaving the
TokenSpace  object in existence with running Source  objects.

2. EachSource takesa very largearrayof randomlyordereddoubles,andpartitionsit into subarrays;
eachsubarrayformsthe token_item of a separatesort tokenplacedinto theTokenSpace . Flow
control limits each Source from leaving more than ten unprocessedsort tokens in the
TokenSpace . Eachput() action on the TokenSpace resultsin a re-evaluationof the stateof
known processesagainst the data provided in the TokenHandlerIdentifiers . The first
appearanceof a sort tokenin theTokenSpace triggersthe creationof a Sorter ; asthis classis
markedasa VAR_LOAD_HANDLER(“variable loadhandler”),further instancesof theclassSorter
may get created in response to subsequent put(sort)  actions.

public class Test{
public static void main (String[] args) {

TokenSpace tSpace = new TokenSpace();

TokenHandlerIdentifier thi = new 
TokenHandlerIdentifier(

“Source”, 
“StartToken”,
“sort”,
“endData”, 
TokenHandlerIdentifier.SINGLETON_HANDLER );

tSpace.addTokenHandlerInfo(thi);

thi = new TokenHandlerIdentifier(
“Sorter”,
“sort”,
“merge”,
“endSort”, 
TokenHandlerIdentifier.VAR_LOAD_HANDLER);

tSpace.addTokenHandlerInfo(thi);

thi = new TokenHandlerIdentifier(
“Merger”,
“merge”,
“merge”, 
“endMerge”, 
TokenHandlerIdentifier.VAR_LOAD_HANDLER);

tSpace.addTokenHandlerInfo(thi);

thi = new TokenHandlerIdentifier(
“Reporter”,
“endMerge”,
null, 
“endReport”, 
TokenHandlerIdentifier.SINGLETON_HANDLER);

tSpace.addTokenHandlerInfo(thi);

Token t = new Token();
t.fTokenName = “StartToken”;
t.fItems = null;

tSpace.put(t,false);
}

}



3. The function Sorter.run() builds a Request object that specifiesthe needfor a sort token
(this requires no identification or other token_items ), or the alternative of an endData
terminationtoken.This requestis repeatedlyreissuedfrom a loop; if a sort tokenis returned,its
subarrayis sortedand placedback in the TokenSpace as a merge token.The loop endsif this
termination token is matched.

4. Theplacementof a merge tokentriggersthecreationof a Merger . TheMerge.run() function is
similar to that of the Sorter , savethat its Request object involves two merge tokens,or an
endSort termination token. The Merger combinesthe data in the two merge tokens that it
removesfrom theTokenSpace , andputsbackanothermerge tokencontaininganarraywith their
combined data.

5. A Reporter object is createdwhenan endMerge tokenappearsin the TokenSpace . It removes
the last remainingmerge token from the TokenSpace . This token containsall elementsof the
original array (partitionedby the Source ) and outputs the sortedarray or performsany other
processing required.

On an uniprocesorcomputerand for a particular size of the data set, testsemployedone or two
Sorters anda Merger as “parallel” (concurrent)objects.In general,measuredcomputationtimes
were just a little longer than using a simple quicksortof the entire dataset. Theseincreasedtimes
reflectthecostof themoreelaborateddataordering(thecreationof thevariousdynamicallyallocated
tokens and subarrays) and the overheads of switching amongst threads. 

Known uses

� TheDining Philosophersproblem,originally presentedby E.W. Dijkstra [Dijk72] anddiscussedby
many others, is consideredan initial example of the SharedResourcepattern for concurrent
programming.Even thoughit is morewhimsical than practical,it describesprocessesthat require
synchronisedaccessto a commonresource.Five philosopherssit arounda circular table. Each
philosopherspendshis life alternatelythinking andeatingspaghetti.Becausespaghettiis long and
tangled,a philosophermustusetwo forks to eatit. Unfortunately,the philosopherscanonly afford
five forks.Onefork is placedbetweeneachpair of philosophers,andtheyagreethateachusesonly
the immediateleft andright forks. A philosopheris allowedto eataslong ashe is ableto get both
left and right forks. Hence,at a single moment,more than one philosophercan be eating, but
neighbouringphilosopherscannoteatat thesametime. Theproblemis to simulatethebehaviourof
five philosophers.The programmustavoid the unfortunatesituationin which all philosophersare
hungrybut noneis ableto acquirebothforks. In this problem,thesharedresourceis representedby
the five forks on the table, and eachphilosopheris representedby a sharer.The synchronised
operationsthat the philosophers(as sharers)cancarry out on the forks (as a sharedresource)are
take-a-fork and put-a-fork.

� Mobile roboticscontrol is anotherconcurrentapplicationexampleof the SharedResourcepattern.
Thesoftwarefunctionsfor a mobile roboticssystemhasto dealwith externalsensorsfor acquiring
inputandactuatorsfor controlling its motionandplanningits futurepathin real-time.Unpredictable
eventsmay demanda rapid response,for example,imperfect sensorinput, power failures, and
mechanicallimitations in the motion.An examplessystem,the CODGERsystem,usestheShared
Resourcepatternto model the cooperationof tasksfor coordinationand resolutionof uncertain



situations in a flexible form. CODGER is composed of a "captain", a "map navigator", a "lookout", a
"pilot" anda perceptionsystem,eachonesharinginformation througha commonsharedresource
[SG96].

� A real-time scheduleris another concurrentapplication of the SharedResourcepattern. The
applicationis a processcontrol system,in which a numberof independentprocessesareexecuted,
eachhavingits own real-timerequirements,andtherefore,no processcanmakeassumptionsabout
the relative speedof other processes.Conceptually,they are regardedas different concurrent
processescoordinated by a real-time scheduler,accessing,for instance, computer resources
(Consoles,printers, I/O devices,etc.) which are sharedamongthem. The real-timescheduleris
implementedas a sharedresourcecomponentto give processesexclusiveaccessto a computer
resource,but doesnot performanyoperationon theresourceitself. Eachdifferentprocessperforms
its activities,requiringfrom time to time theuseof computerresources.Thesharedresourcegrants
theuseof resources,maintainingtheintegrity of thedatareadfrom or written to a resourceby each
different process [Han77]. 

� A Tuple space,usedto contain data,presentsthe parallel programmingstructureof the Shared
Resourcepattern.Sharerscangenerateasynchronousrequeststo read,removeandaddtuples.The
tuplespaceis encapsulatedin a singlesharedresourcecomponentthat maintainsthe setof tuples,
preventing two parallel sharers from acting simultaneously on the same tuple [Fos94].

� JavaSpacesis a distributed object-sharingstructure, constituted as a set of abstractionsfor
distributedprogramming,which togethercomposea sharedresourcestructure.In a distributed
application,the JavaSpacesstructureactsas a virtual spacebetweenprovidersand requestersof
network resourcesor objects,allowing participantsin a distributedsolution to exchangetasks,
requestsand informationin the form of Javatechnology-basedobjects.Briefly, a JavaSpaceis an
environmentthat providesobject persistenceand facilitates the designof distributedalgorithms.
Basically,JavaSpacesareclient/serversystems,with clientscalling onesetof interfaces- thoseof
theJavaSpace.Clientsareencapsulatedfrom detailsof object-transferanddistributed-functioncalls.
Clientsmay write andreadobjectsto JavaSpacesandlook up theJavaSpacefor objectsthatmatch
sometemplate.JavaSpacesprovide developerswith the ability to createand store objectswith
persistence,which allows for process integrity. For a more detailed technical overview of
JavaSpaces, refer to [FHA99].

Consequences

Benefits

� Integrity of data structure within the shared resource is preserved.

� Fromtheperspectiveof a paralleldesigner,this patternis the "simplest"to designandexecute,due
to theminimal dependencebetweensharercomponents.Fundamentally,theoperationson eachdata
elementare completely independent.That is, each piece of data can be operatedin different
machines,runningindependentlyaslong astheappropriateinputdataareavailableto eachone.It is
relatively easy to achieve significant performance in an application that fits the pattern [Pan96].



	 As its components(thesharedresourceandthesharers)arestrictly separated,the SharedResource
pattern supports changeability and maintainability [POSA96, Pan96].


 TheSharedResourcepatternsupportsseverallevelsof granularity.If required,thesharedresource
can provide operations for different data sizes.

� As sharercomponentsperformdifferentandindependentoperations,theycanbereusedin different
structures.The only requirementfor reuseis that the sharerto be reusedis ableto performcertain
operations on the data type in the new shared resource [POSA96, Pan96].

� A shared resource can provide fault tolerance for noise in data [POSA96, SG96].

Liabilities


 Due to the different natureof eachcomponent,load-balanceis difficult to achieve,even when
executingeachcomponenton a different processor.The difficulty increasesif severalcomponents
run together on a processor [Pan96].

� The traceof stagesfor producinga result in a sharedresourceapplicationis difficult to reproduce.
Inherently,computationsarenot necessarilyorderedfollowing a deterministicalgorithm[POSA96].
Furthermore,the parallelism of its componentsintroducesa non-deterministicfeature to the
execution [Pan96].

� Even when parallelismis straightforward,often the sharedresourcedoesnot considerthe useof
control strategiesto exploit the parallelismof sharedand to synchronisetheir actions.In order to
preserveits integrity, the design of the sharedresourcemust consider extra mechanismsor
synchronisationconstraintsto accessits data. An alternative is using the Blackboard pattern
[POSA96].

Related patterns

The SharedResourcepattern is considereda specializationof the Blackboardpattern [POSA96]
without control component,and introducingaspectsof activity parallelism.Also, it is relatedto the
Repositoryarchitecturalstyle [Shaw95,SG96].Other patternsthat can be consideredrelatedto this
patternare the CompatibleHeterogeneousAgentspattern[ABM96] and the Object Group pattern
[Maf96].

3. Summary

The goal of the presentpaperis to providesoftwaredesignersandengineerswith an overview of a
commonstructureusedfor activity parallelsoftwaresystems.Thearchitecturalpatterndescribedhere
canbe linked with othercurrentpatterndevelopmentsfor concurrent,parallelanddistributedsystems.



Work on patternsthat supportthe designand implementationof suchsystemshasbeenaddressed
previously by several authors [Sch95, Sch98a, Sch98b, POSA00].
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