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Abstract

The SharedResourcepatternis an architecturalpatternfor parallelprogrammingusedwhena design
problemcanbe understoodn termsof activity parallelism.This patternproposesa solutionin which
differentoperationsareperformedsimultaneouslyy sharerson differentpiecesof datacontainedn a

shared resourceOperations carried out by each sharer are independent of operations by other sharers.

1. Introduction

Parallelprocessings thedivision of a problem presentecsa datastructureor a setof actionsamong
multiple processingcomponentghat operatesimultaneouslyThe expectedresultis a more efficient
completionof the solutionto the problem.The main advantageof parallel processings its ability to

handletasksof a scalethatwould be unrealisticor not cost-effectivefor othersystemgCG88, Fos94,
ST96,Pan96].The power of parallelismcentreson partitioning a big problemin orderto dealwith

complexity. Partitioningis necessaryo divide sucha big probleminto smallersub-problemghat are
moreeasilyunderstoodandmaybe workedon separatelypn a more"comfortable"level. Partitioning
is especiallyimportantfor parallelprocessingbecausét enablesoftwarecomponent$o be not only

created separately but also executed simultaneously.

Requirementsf orderof dataandoperationglictatetheway in which a parallelcomputatiorhasto be
performedandtherefore impacton the softwaredesign[OR98]. Dependingon how the orderof data
and operationsare presentin the problem description,it is possibleto considerthat most parallel
applicationdall into oneof threeformsof parallelism:functionalparallelism domainparallelism and
activity parallelism[OR98]. Examplesof eachform of parallelismare pipeline processindvVBT95],

representingunctional parallelism;communicatingsequentialelements|OR00], as an example of

domain parallelism; and shared resource, which is an instance of activity parallelism.

2. The Shared Resource Pattern

The SharedResourcepattern is a specializationof the Blackboard pattern[POSA96], lacking a
control componentnd 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 simultarj€iR@8}.

Activity parallelism is the form of parallelism that involves problems that apply independent
computationgassetsof non-deterministicransformationgandperhapgsepeatedlypn valuesof a data
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structure.Activity parallelismcan be consideredbetweenthe extremesof allowing all datato be
absorbedy thecomponentgasin domainparallelism)or all processe$o 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
processingcomponentds often not required. However, the amountof communicationis not zero:
communicatiorns still requiredbetweereachprocessinggomponentinda componenthatcontrolsthe

access to the data structure [OR98].

Example: A Token Space

Considerthe caseof a tokenspace[Gray99]. In its simplestform, a token spaceis merely a passive
storagestructurefor tokens placedthere by active processesnamedclients A token may be a

specialisedlatastructure a list, a datatuple, or any datatype definedvia inheritancefrom somebase
tokenclass.Particularly,in this examplea tokenis considerechsa datatuple whosefirst elementis a
typed field and whose other elementsare name-valuepairs, each one referred as a token item

Moreover,a token may have one or more token items that contain identification information. The
objectiveis thatoneor moretokenitemswill containdatathatare beingtransferrecoetweerparallel
clients.

The token spacesupportstwo operationsput” and“request”[Gray99]. A “put” operationplacesa
tokenin thetokenspaceandit is capableof blocking for flow-control. If a “put” operationcannotbe
blocked,everydatasourcehasthe potentialto saturatehetokenspaceA “request’operationcanonly
succeedf its tokensarematchedThe matchingof a tokenfrom arequestequiresmatchingof eachof
the tokenitemsthat it includes.If a requestdoesnot match,it is blocked.Requestsrom different
processesre handledby separateéhreads,operatingon the token space.The blocking of any one
requestdoesnot affectrequesbr put operationgrom otherprocessesA simpletokenspacewith such
characteristicss illustrated in Figure 1.
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Figure 1. Overview of a simple token space.

Notice that the token spaceproblemis more likely to be consideredas an examplefor concurrent
programming(where processegxecutesimulatingconcurrencyon a single processoryatherthanfor

parallel programming (in which processes execute simultaneously on a group of processors). However,
it is simpleto explain,andit couldbe an exampleof activity parallelism,if the clientswould execute

in parallel.



Considering the token space as a parallel computation, it should be divided and distributed among a set
of processorsClientssendmessage® a serverrunningthe tokenspaceTheserverreceivesnessages

from the clients,organiseand maintainsthe tokenspacekeepingits orderandintegrity, andsendsts

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 hardwar€onsider the following context constraints:
The problemlendsitself to be solvedusingparallelism,andinvolvestasksof a scalethatwould be
unrealistic or not cost-effective for other systems to handle.
The hardwareplatform or machineto be usedis 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 sequential processesexecuting simultaneously The data
structureis concurrently sharedamong the processesThe details of how the data structureis
constructedand maintainedare irrelevantto the processesAll the processe&now is that they can
send and receive data through the data structure. The integrity of the internal representation,
consideredisthe consistencyand preservatiorof the datastructure,is important.However,the order
of operationson the datais not a centralissue.Generally performanceasexecutiorntime is the feature
of interest.

For instance considerthe Token Spaceexample.The whole processs basedon allowing clientsto

simultaneouslyoperate,putting or requestingtokensto the token spacewhen needed.Parallelism
resultsfrom the fact that client processeshat havesatisfiedall their needsfor datacanthencontinue
concurrently The processesynchronisectivitiesasnecessarpy waiting for othersto placetokensin

the token space.The integrity of the internal representatiorof the tokensand the token items is

importantfor obtainingafinal resultafterthe computations carriedout, butthe orderof operationsn

the tokens or token items is not pre-determined.

Forces

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

The integrity of the datastructuremustbe preservedThis integrity providesthe basefor result
interpretationFor examplejn thetokenspacesxamplejt is importantto controlwhereandwhena
token is requestedor put, by synchronisingthese operationsfor such a token. This allows
preservinghe overall orderandintegrity of the tokenspaceso thefinal stateof the tokenspaceis
considered as the result of the whole computation.



Eachprocesperformssimultaneouslhyandindependentlya computatioron different piecesof data.
The objectiveis to obtain the best possiblebenefit 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 processnay performdifferent operationsjn numberandcomplexity. However,no specific
orderof dataaccesdy processingelementds defined.In the token spaceexample clientsarenot
restrictedto performthe sameoperation(in fact, performingthe sameoperationis considerechsa
variationof this pattern).Normally, clientsoperateor usethe informationcontainedn the tokensin

differentways. Moreover,as clients executeindependenthffrom eachother,thereis no preciseor

defined order in which they request or put tokens in the token space.

Improvementin performancds achievedwhenexecutiontime decreaseOur main objectiveis to

carry out the computation in the most time-efficient way.

Solution

Parallelism is introduced as multiple participating sequential componentsgach one executing
simultaneoushand capableof performingdifferentand independenbperations,accessinghe data

structurewhenneededvia a sharedresourcecomponentwhich maintainsthe integrity of the data

structureby definingthe synchronisingoperationsthat the sequentiacomponentgan do. Parallelism
is almostcompleteamongcomponentsany componentcan be performingdifferent operationson a

different pieceof dataat the sametime, without a prescribedorder. Communicatiorcan be achieved
only asfunctioncallsto requiredatafrom the sharedresourceComponentcommunicatesxclusively
throughthe sharedresourcepy eachoneindicatingits interestin a certaindata.The sharedresource
should provide such dataimmediatelyif no other componentis accessingt. Data consistencyand
preservatiorare tasksof the sharedresource The integrity of the internal representatiorof datais

important,but the order of operationson it is not a centralissue.The mainrestrictionis that no piece
of datais accessedit the sametime by different componentsThe goal is to make sure that an

operation carried out by one sharer componentexecuteswithout interferencefrom other sharer
componentsThe SharedResourcepatterncan be consideredas an activity parallel variation of the
Blackboardpattern[POSA96] without a control instancethat triggersthe executionof sources(the
concurrentomponent®f the Blackboardpattern).An importantfeatureis thatthe executiondoesnot

follow a precise order of computatiofhaw95, Pan96].

Structure

In this architecturalpattern,the different operationsare appliedin effect simultaneousiyto different
piecesof data by sharer components.Operationsin each sharer componentare independentof

operationsn othercomponentsThe structureof the solutioninvolvesa sharedresourcehat controls
theaccesof differentsharercomponentso to the centraldatastructure Usually, the sharedresource
componenandseveraldifferent sharercomponentsimultaneouslyexistandoperateduring execution
time. Therefore,the solution is presentedas a centralisednetwork, being the sharedresourcethe
centralcommoncomponentAn Object Diagram,representinghe network of elementshat follows

the shared resource structure, is shown in Figure 2.
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Figure 2. Object Diagram of the Shared Resource pattern.

Participants

Shared Resource The responsibilityof a sharedresourceis to co-ordinatethe accessof sharer
componentspreservinghe integrity of data.In the tokenspaceexample the tokenspaceactsasa
sharedresource containingthe datastructureand defining the operationsneededfor maintaining
andpreservingheintegrity of the datastructure. Suchoperationsaredefinedto control the request
and put operations performed on the token space by the clients

Sharer components The responsibilitiesof a sharercomponentare to perform its independent
computatioruntil requiringdatafrom the sharedesourceThen,the sharercomponentasto cope
with any accessrestriction imposed by the shared resource. Since their computationsare
independentall sharercomponentsare able to executein parallel. In the token spaceproblem,
clientsact assharerelementghat executein paralleluntil they requestor put tokenscontainedn
the token space. Once satisfied, clients continue their computations independently.

Dynamics

A typical scenarioto describethe basic run-time behaviourof this patternis describedwhere all
participants(sharedresourceand sharercomponents)are active at the sametime. Every sharer
componentperforms different operations,requiring the sharedresourcefor data. If datais not
available,the sharercan requestanotherpiece of data.As soonas datais madeavailablefrom the
sharedresource,the requestingsharer componentcontinuesits computations.Communications
betweersharersarenormally not allowed.The sharedresourcas the only commoncomponenamong
the sharers (Figure 3). The processing and communicating scenario is as follows:

Forthis scenarioconsidera simpleShared Resourcewhichis ableto performa coupleof actions,

Op.R and Op.W in order to respectivelyallow reading or writing data. Each sharer starts
processingperformingdifferent, independenbperationsand requestingthe Shared Resourceto

execute a read or write operations

Considerthe basic operation:a sharercomponentSharer A, is performing Op.Al requestghe

Shared Resourceto perform a read operationOp.R If no other sharercomponentcontestsfor

readingor writing data,the Shared Resourceis ableto immediatelyservethe operationrequest
from Sharer A, without interference



Thingsbecomemorecomplexwhenonesharercomponents readingor writing dataof the Shared

Resource andanothersharercomponentequireso reador write the samepieceof data.Consider,
for example,that Sharer B is performing Op.B2 which requiresa writing operationOp.W of a

particulardatapieceto the Shared Resource If while the Shared Resourceis servingthis request,
oneor more othersharercomponentgin this scenario,Sharer C or Sharer D) issuecalls to the

Shared Resourcerequestingfor a read or write operationof the samedata piece, the Shared

Resourceshouldbe ableto continueuntil completionof its actualoperation deferringthe calls for

later execution,or evenignoringthem.If thisis the case,any sharercomponenshouldbe ableto

re-issueits call, requestingfor serviceof the sameor otherdatapieceuntil the Shared Resource
makes it available.

Anothercomplexsituationthatmay ariseis if two or moresharercomponentsssuecallsrequesting
thesamedatapieceto the Shared Resourceat preciselythe sametime. Consider for example the

previoussituationin the scenarioasthe Sharer C andSharer D calls could not be servicedby the

SharedResource they haveto re-issueheir calls, doingit atthevery sametime. In this particular
case,the Shared Resourceshouldbe able to resolvethe situationby servicingone call (in this

scenariothe writing requestirom Sharer C), and deferringor ignoring all otherrequestdor the

samedatapiecefor later (asit is the caseof the readingrequestrom Sharer D). Again, the sharer
componentsvhosecallsweredeferredor ignored,shouldbeableto re-issughem,contestingagain
for the data piece serviced by tBkeared Resource
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Figure 3. Interaction Diagram of the Shared Resource pattern.



Implementation

An architecturalexploratoryapproachto designis describedbelow, in which hardware-independent
featuresare considereckarly,and hardware-specifitcssuesaredelayedin the implementatiorprocess
[Fos94]. This methodstructureshe implementatiorprocessof parallelsoftwarebasedon four stages
[OR98]. During thefirst two stagesattentionis focusedon concurrencyandscalabilitycharacteristics.
In the last two stages,attentionis aimed to shift locality and other performance-relatedssues.
Neverthelessit is preferredto presenteach stageas generalconsiderationdor designinsteadof
providing details about precise implementation. These implementationdetails are pointed more
preciselyin the form of referencedo designpatternsfor concurrentparallel,anddistributedsystems
of several other authors [Sch95, Sch98a, Sch98b, POSAOQ0].

1.

Partitioning. The computationto be performed can be viewed as the effect of different

independentomputationson the datastructure. Eachsharercomponenis definedto performan

independentomputationon datafrom the sharedresource Sharercomponentsan be executed
simultaneouslydue to their independentprocessingnature. However, the shared resource
implementatiorshouldreflect a division and integrity criteria of the datastructure following the

basicassumptiorthatno pieceof datais operatedat the sametime by two or moredifferentsharer
componentsTherefore sharercomponentsnay beimplementecby a singleentity (for instancea

processa task,andobject, etc.) that performsa definedcomputation or a sub-systenof entities.

Design patterns in general [GHJV95, POSA96, PLoP94, PLoP95] may help with the

implementatiorof the sharercomponent@assub-systenentities.Also, patternsusedin concurrent
programmingdike the Objectgroup pattern[Maf96], the Active Objectpattern[LS95, POSAO00Q],

and CategorizeObjectsfor Concurrencypattern[AEM95] can help to define and implement
sharer components.

Communication.The communicationto co-ordinatethe interactionof sharercomponentsand
sharedesourcas representetly anappropriatecommunicatiorinterfacethatallows accesdo 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 schemais used, due to the heterogeneousehaviour of sharer
componentswhose requests can be deferred or ignored by the shared resource. The
implementationof a flexible interface betweensharercomponentsand sharedresourcecan be
doneusing designpatternsfor communicationjike the ServiceConfigurator pattern[JS96], the
Composite Messages pattern [SC95], and the Compatible HeterogeneousAgents and
CommunicationbetweenAgents patterns[ABM96]. Other design patterns, like the Double-
Checked_ockingpatternf]SH96, POSA0Q],the Thread-SpecifiStoragepatternfHS97,POSAOQ0]
and patternspresentediealingwith issuesaboutsafeuse of threads,synchronisatiorand locks
[McKe95, POSA00],canprovidehelpto implementthe expectedehaviourof the sharedesource
component.

AgglomerationThe componentandcommunicatiorstructuregefinedin the first two stagesf a
designare evaluatedand comparedwith the performancerequirementsif necessarypperations
can be recombinedand reassignedo createdifferent setsof sharercomponentswith different



granularityandload-balanceUsually, dueto the independennatureof the sharercomponentsit
is difficult to achievea goodperformancenitially, but atthe sametime, it is easyto makechanges
onthe sharercomponentsvithout affectingthe whole structure A conjecture-tesapproactcanbe
used intensively, modifying both granularity and load-balancebetweensharercomponentsto
observewhich combinationcan be usedto improve performanceHowever,especialcare should
betakenwith the load-balancéetweensharercomponent@&nda sharedresourceThe operations
of the sharedresourceshouldbe lighter thenany sharercomputation o allow a fast responseof
the sharedresourceo requestsMost of the computatioractivity is meantto be performedby the
sharer components.

4. Mapping In the bestcase trying to maximizeprocessouwutilization and minimize communication
costs,eachcomponenshouldbe assignedo a different processorAs the numberof components
is usually expectedto be not too large, enoughparallel processorcan be commonlyavailable.
Also, the independennatureof sharersallows for eachsharercomponentto be executedon a
differentprocessorThe sharedesourcealsois expectedo be executedn a singleprocessorand
all sharersshould have communicationaccessto it. However,if the numberof processords
limited and lessthan the numberof componentsijt tendsto be difficult and complexto 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-instructionmultiple-data)computer.However, when
executenaMIMD (multiple-instructionmultiple-datajcomputer, systemsasedon the Shared
Resource pattern tend to have an acceptable performance [Pan96, Pfis95].

Example Resolved

A versionof the tokenspacethatincorporatesnechanismsor proces<reationhasbeenimplemented
asa Javaclass,namedclassTokenSpace [Gray99, CNO1]. In particular,this versionusesthreads
rather than parallel processesin the time when this classwas developed,in most standardJava
runtime systems,the thread packageswere unableto use multiple processorsso the token space
systemof this exampleis simply a demonstrationn which concurrencyis simulated.Furthermorejn

sucha threadedexamplethereis a further simplification: thereis no needfor a threadin the shared
resourceitself; the put() andrequest() functionsare executedby the threadsthat simulatethe

guasi-parallel processes [Gray99].

In this example aninstanceof the classToken containsa namestringanda collectionof tokenitems.
Client processesiseinstanceof a classRequest to retrieverequiredtokens.A Request instance
containsvectorsspecifyingthe requiredtokens,andtheir dispositions Also, a Request instancemay
specify a “termination token”. After a failed attemptto match a requestfor tokens,the matching
checksfor any specifiedterminationtoken. Such a token is normally left in the TokenSpace . Its

presencemay affect the operationof many other processesallowing a procesg(like, for instancea

data source) to mark the end of data with a token.

A simpleparallelsortingprogramis usedto testthe TokenSpace implementationwhich controlsthe
instantiationof processegmore likely, threads)and sequenceshe phasesof a computation.The
programincludesdatagenerationa singleinstanceof a classSource ), sortingof subsetf the data



(oneor moreinstance®f aclassSorter ), mergingof sortedsubset®f data(oneor moreinstance®f
a classMerger ), and a final reporting elementthat usesthe sorted data (an instanceof a class
Reporter ). Notice that the computationis comparableo a pipeline processingNeverthelessit is
consideredhat decomposing@ sortingtaskinto severalsmallersortingandmergingtaskswill havea
large enhancemenfior a an O(N?) sort, and a slight enhancemenfior a more realistic O(NlogN) sort
[Gray99]. Distributing subtasksdoes add to the computationalcost, but if multiprocessorsare
available,many of the separatesort and mergestepscan proceedin parallel, resultingin a shorter
elapsed time which is the main interest here, as it is mentioned in the context.

Partitioning

Partitioningrefersto define the computationgo be performedon the datacontainedin the shared
resourceln the TokenSpace example,a typical client (asa thread)hasarun() function that may
initially submita numberof requestgor specialinitialization tokens.Then, it loopsprocessindurther
datatokensuntil someterminationconditionis met. Therun() function mustendwith a call to the
TokenSpace , notifying the termination of this thread. This allows the record of threadsto be
maintainedcorrectly. The dataidentifying a classinclude information on any token that should be
addedto the TokenSpace whenthe lastinstanceof a client classis removed.Suchtokenscanmark
the completionof particularphasesn a computationand canalsotrigger the instantiationof objects
thatwill performa subsequenphaseAs it is mentionedabove,the parallel sortingexampleconsidergour
typesof clients: a classSource for datagenerationa classSorter for sorting subsetf the data,a
classMerger for merging sorted subsets of data, and a &aperter as areporting element.

Communication

The communicationis representecdy a communicationinterfacethat allows accessto the shared
resourcen the TokenSpace implementation, The simple Javaimplementatiorof the tokenspaceis
basedn the modifier synchronized , which causeghatthe methodis only invokedwhenthereis no
lock held onthe TokenSpace . If the TokenSpace is locked,the client that invoked the methodis
temporaryhaltedtill theTokenSpace is unlocked.So,the TokenSpace isis lockedby theinvocation
of a synchronized method, and unlocked when the method is exited. Additionally, in this
implementationthe placemenbf a tokenin the TokenSpace 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 canbe createdasmanyinstance®f this classasseemto be useful),the classMerger
handlesmerge tokens (again, there can be more than one instanceof this class), and the class
Reporter responddo the token marking the end of the mergingprocessAlso, anendData token
shouldbe consideredsoit marksthe endof dataprocessingn the TokenSpace . Figure4 showsa test
program for the tokespaceexample [Gray99].



public class Test{
public static void main (String[] args) {
TokenSpace tSpace = new TokenSpace();

TokenHandlerldentifier thi = new
TokenHandlerldentifier(

“Source”,

“StartToken”,

“sort”,

“endData”,

TokenHandlerldentifier. SINGLETON_HANDLER );
tSpace.addTokenHandlerInfo(thi);

thi = new TokenHandlerldentifier(

“Sorter”,

“sort”,

“merge”,

“endSort”,

TokenHandlerldentifier. VAR_LOAD_HANDLER);
tSpace.addTokenHandlerInfo(thi);

thi = new TokenHandlerldentifier(

“Merger”,

“merge”,

“merge”,

“endMerge”,

TokenHandlerldentifier. VAR_LOAD_HANDLER);
tSpace.addTokenHandlerInfo(thi);

thi = new TokenHandlerldentifier(

“Reporter”,

“endMerge”,

null,

“endReport”,

TokenHandlerldentifier. SINGLETON_HANDLER);
tSpace.addTokenHandlerInfo(thi);

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

tSpace.put(t,false);

Figure 4.ClassTest for testing the TokenSpace Example.
A more detailed operation of this program is described as follows:

1. Theactionof placinga StartToken in the TokenSpace triggersthe creationof a Source object
with associatedhread (or Source process).The main thread can now terminate leaving the
TokenSpace object in existence with runnir@purce objects.

2. EachSource takesavery largearrayof randomlyordereddoublesandpartitionsit into subarrays;
eachsubarrayformsthetoken_item of aseparatsort tokenplacedinto the TokenSpace . Flow
control limits each Source from leaving more than ten unprocessedsort tokens in the
TokenSpace . Eachput() actionon the TokenSpace resultsin a re-evaluationof the stateof
known processesagainst the data provided in the TokenHandlerldentifiers . The first
appearancef asort tokenin the TokenSpace triggersthe creationof a Sorter ; asthis classis
markedasa VAR_LOAD_HANDLERvariable load handler”),furtherinstancesf the classSorter
may get created in response to subseque(tdort) actions.



3. The function Sorter.run() builds a Request objectthat specifiesthe needfor a sort token
(this requires no identification or other token_items ), or the alternative of an endData
terminationtoken. This requestis repeatedlyreissuedrom aloop; if asort tokenis returned,ts
subarrayis sortedand placedbackin the TokenSpace asa merge token. Theloop endsif this
termination token is matched.

4. Theplacemenbf a merge tokentriggersthecreationof a Merger . The Merge.run()  functionis
similar to that of the Sorter , savethat its Request objectinvolvestwo merge tokens,or an
endSort terminationtoken. The Merger combinesthe datain the two merge tokensthat it
removedrom the TokenSpace , andputsbackanothemerge tokencontaininganarraywith their
combined data.

5. A Reporter objectis createdwhenanendMerge tokenappearsn the TokenSpace . It removes
the last remainingmerge token from the TokenSpace . This token containsall elementsof the
original array (partitionedby the Source ) and outputsthe 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,measureccomputationtimes
werejust a little longer than using a simple quicksortof the entire dataset. Theseincreasedimes
reflectthe costof themoreelaboratediataordering(the creationof the variousdynamicallyallocated
tokens and subarrays) and the overheads of switching amongst threads.

Known uses

The Dining Philosophergproblem,originally presentedy E.W. Dijkstra [Dijk72] anddiscussedby
many others, is consideredan initial example of the SharedResourcepattern for concurrent
programming Eventhoughit is more whimsical than practical,it describegprocesseshat require
synchronisedaccessto a commonresource.Five philosopherssit arounda circular table. Each
philosopherspendshis life alternatelythinking and eatingspaghettiBecausespaghettis long and
tangled,a philosophemustusetwo forks to eatit. Unfortunately,the philosophersanonly afford
five forks. Onefork is placedbetweenreachpair of philosophersandthey agreethateachusesonly
theimmediateleft andright forks. A philosopheris allowedto eataslong asheis ableto getboth
left and right forks. Hence, at a single moment,more than one philosophercan be eating, but
neighbouringohilosophersannoteatat the sametime. The problemis to simulatethe behaviourof
five philosophersThe programmustavoid the unfortunatesituationin which all philosophersare
hungrybut noneis ableto acquirebothforks. In this problem,the sharedresourcds representethy
the five forks on the table, and eachphilosopheris representecdy a sharer.The synchronised
operationghat the philosophergas sharers)can carry out on the forks (as a sharedresourceare
take-a-fork and put-a-fork.

Mobile roboticscontrolis anotherconcurrentapplicationexampleof the SharedResourcepattern.
The softwarefunctionsfor a mobile roboticssystemhasto dealwith externalsensordor acquiring
inputandactuatordor controlling its motionandplanningits future pathin real-time.Unpredictable
eventsmay demanda rapid responsefor example,imperfect sensorinput, power failures, and
mechanicalimitations in the motion. An examplessystem the CODGERsystem,usesthe Shared
Resourcepatternto model the cooperationof tasksfor coordinationand resolutionof uncertain



situations in a flexible form. CODGER is composed ofaptairi, a "'map navigator", a "lookout”, a
"pilot" and a perceptionsystem,eachone sharinginformation througha commonsharedresource
[SG96].

A real-time scheduleris another concurrentapplication of the Shared Resourcepattern. The
applicationis a processcontrol system,in which a numberof independenprocessesire executed,
eachhavingits own real-timerequirementsandtherefore ho processcan makeassumptionsbout
the relative speedof other processesConceptually,they are regardedas different concurrent
processescoordinatedby a real-time scheduler,accessing,for instance, computer resources
(Consoles printers, /0O devices,etc.) which are sharedamongthem. The real-time scheduleris
implementedas a sharedresourcecomponentto give processe®xclusiveaccessto a computer
resourceput doesnot performany operationon the resourcetself. Eachdifferentprocessperforms
its activities, requiringfrom time to time the useof computeresourcesThe sharedresourcegrants
theuseof resourcesmaintainingtheintegrity of the datareadfrom or written to a resourceby each
different process [Han77].

A Tuple space,usedto contain data, presentsthe parallel programmingstructureof the Shared
Resourcepattern.Sharerscan generateasynchronousequestdo read,removeandaddtuples.The
tuple spaceis encapsulateth a single sharedresourcecomponenthat maintainsthe setof tuples,
preventing two parallel sharers from acting simultaneously on the same tuple [Fos94].

JavaSpacess a distributed object-sharingstructure, constituted as a set of abstractionsfor
distributed programming,which togethercomposea sharedresourcestructure.In a distributed
application,the JavaSpacestructureacts as a virtual spacebetweenprovidersand requestersof
network resourcesor objects,allowing participantsin a distributed solution to exchangetasks,
requestsand informationin the form of Javatechnology-basedbjects.Briefly, a JavaSpaces an
environmentthat providesobject persistenceand facilitates the designof distributedalgorithms.
Basically,JavaSpaceareclient/serversystemswith clientscalling onesetof interfaces- thoseof
theJavaSpaceClientsareencapsulateérom detailsof object-transfeanddistributed-functiorcalls.
Clientsmay write andreadobjectsto JavaSpaceandlook up the JavaSpacéor objectsthat match
sometemplate.JavaSpacegrovide developerswith the ability to createand store objectswith
persistence which allows for processintegrity. For a more detailed technical overview of
JavaSpaces, refer to [FHA99].

Consequences
Benefits
Integrity of datastructurewithin the shared resource is preserved.
Fromthe perspectiveof a paralleldesignerthis patternis the "simplest"to designandexecutedue
to the minimal dependenceetweensharercomponentsFundamentallythe operationson eachdata
elementare completely independent.That is, each piece of data can be operatedin different

machinesrunningindependenthaslong asthe appropriaténput dataareavailableto eachone.lt is
relatively easy to achieve significant performance in an application that fits the pattern [Pan96].



As its componentgthe sharedresourceandthe sharersirestrictly separatedthe SharedResource
pattern supports changeability and maintainability [POSA96, Pan96].

The SharedResourceatternsupportsseverallevels of granularity.If required,the sharedresource
can provide operations for different data sizes.

As sharercomponentperformdifferentandindependenbperationsthey canbe reusedn different
structuresThe only requirementor reuseis that the sharerto be reuseds 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 nature of each componentjoad-balances difficult to achieve,evenwhen
executingeachcomponenibn a different processorThe difficulty increasesf severalcomponents
run together on a processor [Pan96].

Thetraceof stagedor producinga resultin a sharedresourceapplicationis difficult to reproduce.
Inherently,computationsirenot necessarilyrderedfollowing a deterministicalgorithm[POSA96].
Furthermore,the parallelism of its componentsintroducesa non-deterministicfeature to the
execution [Pan96].

Evenwhen parallelismis straightforward,often the sharedresourcedoesnot considerthe use of
control strategiego exploit the parallelismof sharedandto synchroniseheir actions.In orderto
preserveits integrity, the design of the sharedresourcemust consider extra mechanismsor
synchronisationconstraintsto accessits data. An alternativeis using the Blackboard pattern
[POSA96].

Related patterns

The SharedResourcepatternis considereda specializationof the Blackboard pattern [POSA96]
without control componentand introducingaspectof activity parallelism.Also, it is relatedto the
Repositoryarchitecturalstyle [Shaw95,SG96]. Other patternsthat can be consideredelatedto this
patternare the CompatibleHeterogeneou#\gentspattern[ABM96] and the Object Group pattern
[Maf96].

. Summary

The goal of the presentpaperis to provide softwaredesignersand engineerswith an overview of a
commonstructureusedfor activity parallelsoftwaresystemsThe architecturalpatterndescribechere
canbelinked with othercurrentpatterndevelopment$or concurrentparallelanddistributedsystems.



Work on patternsthat supportthe designand implementationof such systemshasbeenaddressed
previously by several authors [Sch95, Sch98a, Sch98b, POSAOQQ].
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