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Abstract. Patternsarenow widely usedfor describingsoftware designs How-
ever, they may alsobe usedto describeprocessstructureratherthanthe prod-
uct structure This may be accomplishedy adaptingthe well known patternde-
scriptionschemedo the software procesgdomain.Within this scheme| usethe
descriptiontechniquesndnotionsof the UML wherever suitable.This, andsu-
perior degreesof detail, precision,and expressienesssetthis paperapartfrom
previousapproache this area.

1 Intr oduction

1.1 Motivation

Workflows concerningsoftware processehiave beendescribedin a variety of
formalismsandstyles(seee.g.[16] for a surwey). Today someessentiatequire-
mentsarestill notadequateladdressetly mary of them.

Understandability Practitionersexplicitly ask for “well-structued’ process
modelsthatare” easyto undestandandeasyto apply’ (cf. requirements
2 and3in [18]). Thevastmajority of traditionalprocessetk e the "Uni-
fied Process”(UP, cf. [14]), however, areratherbig setsof documents
thattake alot of experienceto understané@ndapply properly

Flexibility Many developersfeel that their creatvity is stifled by too rigid a
developmentprocessin fact, somewould argue, thatthis is exactly the
purpose Anyway, enforcinga procesds sometimes difficult manage-
rial task,andtherearecircumstancewheretraditional(large scale)pro-
cessegustarent appropriateasis shavn by therecentlysoaringinterest
in socalledlightweightprocessefik e "extremeprogramming”.

Precision Ontheotherhand,a developmentprocessnustbeformal enoughto
allow for automaticenactmentind formal analysis,at leastin selected
placesldeally, this would becombinedwith the previousrequiremento
achieve akind of controlledandgradedformality of the process.

Fractal structure Finally, thecomponentareparadigmhasmanifesimplica-
tions on the overall structureof the developmentprocessif the product
structureis fractal, the processstructurebetterbe fractal as well Oth-
erwisethe mappingbetweenprocessand productalonebecomesa ma-
jor challengelterative processamodels,suchasthe UP have a crippling
weaknessere.



1.2 Benefitsof approach

| believe, thatprocesgatternausingUML areanovel way for dealingwith these
issuesthatis superiorto traditionalapproachesor the following reasonsFirst,
considetthe contrikution of the UML. Ontheonehand,theUML is already*the
lingua francaof the softwae engineeringcommunity (cf. [24, p. v]), andit is
very likely to spreadeven further This meanghatalmostevery professionalin-
derstand&JML (or will have to do so pretty soon),andthingswill staylike this
for sometime to come. This resultsin network effects, rapidly increasingthe
numberand quality of CASE-toolsfor, courseson, and experiencewith UML.
By usingthe UML, theunderstandabilitpf procesanodelsis increasediramat-
ically. Someobjectthatthe UML is still not very expressie whenit comesto
modelingworkflows, but this obstaclecan be overcomequite easily (seeSec-
tion 2).

On the otherhand,UML is now rapidly beingdevelopedinto a body of mathe-
matically preciseformalisms(cf. [22,17,25]), openingup theroadto enactment
andformal analysisnotonly of processnodels but alsoof the productmodels.
Now considethecontributionsof procesgatternsThenotionof (design)pattern
is widely acceptecamongpractitioners and hasresoundinglyproved its practi-
cal applicability Patternscapturesmall, coherent,and self-suficient piecesof
knowledge thusallowing to beappliedin differentcontexts, andin particulay on
differentscalesUsing(design)patternds aform of reuseof (designknowledge.
Procesgatternsareexactly lik e designpatternsexceptthatthey existin thepro-
cessdomain.Actually, the term”designpattern”is a bit misleadingwhatclassi-
caldesignpatterndike Model-View-Controlleretc.really talk aboutis (only) the
product thatis, theresultof thedesign notthe procesf designingt. So,l shall
speakof resultpatternsss. procesgpatternso male clearthedifference.
Thebenefitsof designpatternamay be transferredo the processlomain:by us-
ing the samepatternin differentcontets, pattern-orientegbrocess-descriptions
arelessredundanthan traditional ones,and so a patternlanguageis easierto
understandind apply thantraditional processesAlso, eachpatternmay be for-
mulatedwith its own degreeof formality (i.e. strictnesof applicability criteria),
allowing aswell for flexible, rigid, and mixed processesPatternsmay be used
bothto guidethedevelopmeniprocessandto documentidevelopmentafterthe-
fact.Patching-inad-hocstepsn aprocesss trivial for apattern-orientegrocess.
Finally, patternsare scale-ivariant,thatis, they may be appliedon ary scaleof
granularityor abstractionaslong astheir applicationcriteria are satisfied.Us-
ing alanguageof procesgatternsthis way, a component-orientediscipline of
software constructionis easily accommodatedbuilding systemsfrom compo-
nentsresultsin a hierarchicalandself-similar(i.e.: fractal) productstructure(cf.
e.g.[3,13,9,19]). Thisis probablythe singlemostimportantadwantageprocess
patternshave over traditionalprocesses.

1.3 Outline of approach

Theapproaclpursuedn this papemaybe characterizeésfollows: first, | sum-
marize UML's facilities for modeling processand proposesomesmall exten-
sions.Thenthe descriptve schemdaid down in [11] (andvery similarly in [5],
theotherof thetwo majordesignpatterndooks)is adaptedo fit thenew require-
mentsof the processdlomain.



1.4 Relatedwork

Thereis alreadya little work doneon patternlanguagesor software processes.
Theearliestreferencehat! know of is thework on "processchunks”by Rolland
etal. (cf. [23]). Processhunksare4-tuplesconsistingof situation,decision,ac-
tion, andagument,formalizing designdecisionstaken during the requirements
elicitation.NeitherUML nor patterngn themodernsensereused.
Thenthereis anumberof paperdike[3, 10,26] which alreadyusethe termpro-
cesspattern,but remainvery superficial. There,even lessdetail is provided to
describethe patternsNeitheragenerakschemenor interestingndividual aspects
(e.g.classificationprocessparticipantsiaredescribedn ary detail.

A moreseriousapproachis presentedn Catalysis(cf. [8]), wherethereare 60
differentpatternseachof which is describedy threeto five aspectgname,in-
tent, stratgy, andsometimesonsiderationandbenefitsjusingnaturallanguage
andadhocsketchesWhile presentinghefirst realexampleof alanguageof pat-
terns,Also, CatalysisdoesnotuseUML, exceptclaimsof the opposite andeven
the notationit doesuse (which is vaguelyreminiscentof UML) is not usedin
the procesatternsNeithertherolesandresponsibilitiesnvolved, nor thedoc-
umenttypesrequiredandprovided, nor the actualdesignactivities aredescribed
in ary greatdetail.

Comparedo all the above mentionedapproachespur approactis the only one
which seriouslytries to incorporatethe UML. Also, all other mentionedap-
proachesisemuchlesselaboratedand precisedescriptve schemedor patterns.
With theexceptionof Rollandetal., they don't evenpresentschemeatall.

2 UsingUML to describesoftware processes

TheUML is themostwidely understoodiesignnotationin softwareengineering.
Ohviously, it would be helpful to useit for the descriptionof processesso asto
benefitfrom thetools, knovledge,andresearchresultsconcerningdML. How-
ever, describingworkflows is still notvery well cateredor by the UML (cf. [15,
1]). The standardoropercontainsonly actiity graphs(anda few commentsn
oneof the"UML StandardProfiles”,se€[20, part4]). The UP offersalittle more
in termsof notationsandconceptsand,while technicallynot partof the standard
proper is akind of quasi-standarih thisarea.

The UP extendsthe UML notationby two elementsFirst, thereis a twin cog
wheel-symbolfor SubactivityStatest, which is just a syntacticstereotypeThen,
therearesymbolsfor workersandresourcegsee[14, pp. 25, 145]).

| alsoaddan anotherelementthat, while not partof the UML, is universallyun-
derstoodaryway: aniconthatlookslike arectanglewith adog’s earthatdenotes
documentgseeFigure 1 for an abstractexample). The documenttype may be
put insidethe rectangle eitheras plain text or asa pictogram.The contentsof
a diagrammay be definedin differentways:documentypesrepresentin@ par
ticular UML diagramtype or ModelElement arecompletelyspecifiedby this fact

1 The mostimportantpart of the UML is its metamodelWhentalking aboutUML in detail,
referringto the metamodels inevitable—like in this case:SubactivityState is a metaclassin
orderto bevery clearaboutwhat| referto, metaclassewill alwaysbe printedin thefont used
here.



alone.Documentgepresentingrrogramsare specifiedby the programmindan-
guagegrammar Otherkinds of documentypesmay or may not be be specified
explicitly, e.g.byaXML DTD, or plainnaturallanguageConceptuallyl assume
thata documentepresents Document, which is takento be akind of Classifier,
e.g.suchasmaybeassociatedsthetype of anObjectFlowState (seeSection3.4
belaw). In orderto distinguishdiagramausingthesesymbolsfrom ordinaryUML
activity diagrams] call themworkflow diagramsNote that, syntactically work-
flow diagramsarejust UML actiity diagramswith specialPresentationElements
for SubactivityState andDocument. This kind of diagramds found frequentlyin
the UP, whereit is usedinformally (but not properlydefined).

Obsere thatworkflow diagramamaybe presentedh a coarseversion,whereall
SubactivityStates are presentedy the UP’s twin cog wheelicon. Conceptually
they mayberefinedby anarbitraryActivityGraph. If thisrefinementvereresoled
andspeltout explicitly, a graphlike in Figure 1 (bottom)would arise.Obsere
that,again syntacticallythisis anactivity diagram Similarly, thedocumentypes
couldberefinedif thatweredesired(this stepis omittedhere).

Obsenre also,thatthe coarseversionof workflow diagramsexhibit a closecorre-
spondencénit quiteanisomorphism)o a Petri-netprocess.

3 Describing processpatterns

Procesgatternscanbe describedy a schemasimilar to thatknown from result
patternsTheoverall descriptve schemédor procesgatternsandtheterminology
aretaken from [11, p. 5f]. In the following subsectiong will first describethe
overall schemaand thenthe modificationsresultingfrom transferringit to the
processlomain(see[3] for adiscussiorof therequirement®f processrs. result
structurepatterns).

3.1 Overall description schema

The two bestknowvn books on design patterns[5,11] proposevery similar
schemador the descriptionof designpatternsthereareonly minor differences
in terminology In orderto increasehe acceptancef our approach| adoptthis
approachasfar aspossible SeeTablel for a comparisorof the schemausedin
[5,11] andhere.

Name First, eachpatternhasaname For procesgatternsthisis usuallyiden-
tical to the nameof thetaskthatis supportedy this pattern.

Classification As patterncatalogamay grow ratherlarge,theremustbe a sys-
tematicway of retrieving them,which is facilitatedby this aspectThis
aspectis not presentin [5], and appearsas part of the nameaspectin
[11]. SeeSection3.2below for details.

Intent A intuitive accounif therationaleof the pattern,its benefitsandappli-
cationarea.

Also known as Sometimesthereis notauniquebestnameof a patternsput a
numberof equallyadequat@ameswhich aregivenhere.

Motivation A scenaridhatillustratestheproblem applicabilityconditionsand
purposeof the pattern.
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Fig. 1. An activity diagramdescribinga workflow, coarsgtop) andrefined(bottom).

Applicability Theprerequisite$or applyingapatternthecontext whereit may
be applied.In the scopeCapsule, this may be specifiedby the required
Views andpossiblyconsisteng conditionsestablishedincludesprecon-
ditions
ProcessIn designpatternsthisaspecits called’structure”’andcontaina OMT
classdiagram.For a processattern the equivalentof "structure”is the
processthatis the causalktructureof actvities. SeeSection3.3below.
Participants Inresultpatternsthisaspectefersto theclassesnvolved.In pro-
cesyatternstheparticipantarethedocumentandresourcesgincluding
peoplejthatplay arole in the pattern.SeeSection3.4 below.



|POSA[5] |GOF[11] [this paper
Name PatternName Name

n.a. Classification Classification
Problem Intent Intent

Also known as Also known as Also known as
Example Motivation Motivation
Context Applicability Applicability
Structure Structure Process
DynamicAspects Collaborations n.a.

n.a. Participants Participants
Implications Consequences Consequences
Implementation Implementation Implementation
SampleSolution SampleCode SampleExecution
Applications Known Uses Known Uses
References RelatedPatterns RelatedPatterns

Table 1. Comparisorof patternschemas.

ConsequencesDiscussionof the advantagesand disadwantagesof using the
pattern,e.g.somequality goal or otherendthatis achiezed by this pat-
tern.

SampleExecution Theimplementatiorof adesignpatternss a program that
is, an expressionof a programmindanguageThe implementatiorof a
procesgatternis not a programfor somecomputey but a proceduren
anorganizationjnvolving people,tools, organizationafacilitiesandan
arrayof personabndinterpersonatechniquesSeeSection3.7 below.

Implementation Discussionof implementation-specifiproblems,i.e. prob-
lemsrelatedto therealizationof the pattern As procesgatternsarereal-
izedby organizationgseepreviousaspect)this aspectefersto problems
relatedto organizationabndtool problems.

Known Uses Applying a patternmay be easierwhenguidedby concreteex-
ampleswherethe patternhasbeenappliedto generalacclaim.

RelatedPatterns Relationshipso otherpatternsi.e. alternatves,companions,
or prerequisitesinddiscussiorof differences.

This schemaloesnot containthe aspectCollaborations of [11] (called”Dynamic
Aspects”in [5]): it is usedto representhe behaior (anddynamicstructure)of
the Structure This is alreadycateredor by the new aspectrocessandmaybe
omitted.

3.2 Classificationaspect
Patternsalwaysexist only aspartof alanguage of patterns—thiss onedefining

criterion. Thesepatternanguagesnaybecomeathenarge,andsocatalogingand
retrieval becomeémportantpracticalproblemsTheseproblemshave beenstudied



in thereusecommunity(seee.g.[21]). There thetermsfacetteandsimpleclass
have beencoinedfor thedimensionf classificationandtheir respectie values.
Thereare several classificationschemedor result patterns Buschmanret al.

proposeo usethe abstractiorlevel andthe problemcateory ([5, p. 362f]). The

Gang-of-fourproposeto usethe purposeand the scope(see[11, p. 9ff]). For

processatternstheseschemeohviously needadaptationboth concerningdo

notapply In their stead| have identifiedfour classificatiorfacettesabstraction
level, phase purposeandscope.l shallnow explain the simple classef these
facettes.

abstraction level In [5], thethreeabstractiorevelsof idioms,designpatterns,
and architecturalpatternsare distinguished Analogously processpat-
ternsmaybeclassifiedastechniquesprocesgatterngroper anddevel-
opmentstyles.

phase Designpatternsareattributedto a problemcateyory. Theanalogfor pro-
cesspatternsis the developmentphase(in the classicalsense)thatis,
specificationdesign,realization,and maintenanceOthersarealsopos-
sible,of course.

purpose In [11], resultpatternsare classifiedas creational”, "structural”, or
"behavioral”. For processegshereareotherpurposessuchastheadmin-
istration,the constructiorproper andquality assurance.

scope Finally, the designpatternsmay be distinguishedaccordingto whether
their scopeis an objector a class.Sincethis is a bias towardsobject-
orientedtechnologywhich is soundlyout of placein the contet of pro-
cessesthesesimpleclassesrereplaceddy suchthatreferto the entities
occurringin traditionalprocesses.g."architecturalstyle”, "productline

architecture”,reusablecomponent”implementationrmodule”, or "test

case’maybedistinguished.
Note that theseare exactly the classificationfacettesusedin [5, 11]. The sim-
ple classeggiven in eachfacettemay differ from projectto project—theones
mentionecherearejust plausibledefaults.Also, thereis usuallyno hardandfast
dividing line betweerthesimpleclasse®f therespectie facettesNotethatgran-
ularity is notausefulclassificatiorcriterionfor afractalprocessThereis no hard
andfastdiscriminationbetweerthedifferentsimpleclasesof thesefacettes.

3.3 Processaspect

Many peopleseemnto think thatthe structureaspecii.e. anOMT classdiagram)
of adesignresultpatternis the pattern.Procespatternsobviously do not have a
structuren this sensethey specifya (partof a) processConsequentlthisaspect
hasbeenrenamedto "process”,andit consistsof an UML workflow diagram
ratherthana staticstructurediagrans.

Insteadof actiity diagrams,ary of the other UML dynamic notationscould
be used.In fact, any other notationfor the descriptionof software processes,
for example,Petrinets,Rules,activity trees/transactiographs,or programming

2 The popularpatterns-bookslo not usetheterminologyknown from facette-classificatiorut
theideasareidentical.

3 In the UML, classdiagrams objectdiagrams and packagediagramsare abstractedo static
structurediagrams.



language-lik notationsNoneof thesehowever, reacheshedegreeof acceptance
theUML has(andwill have for sometime to come).

3.4 Participants aspect

Therearetwo kindsof participantof aprocespatterndocumentsndresources.
In theterminologyof the UP, resourcesefersto toolsandmachinesaswell asto
people("workers”, seeFigurel).

A documents takento bea Classifier, e.g.suchasmaybe associate@dsthe type
of an ObjectFlowState. Documentsmay be eitherprerequisite®r deliverablesof
aprocesyattern,or both. They may be representegraphicallyby the classical
symbol,arectanglewnith adog’s ear Thisiconmaybeinscribedby thedocument
typein plaintext or a pictogram.Documentypesrepresentingn UML diagram
type are specifiedby this fact entirely already Compounddocumenttypesare
definedby the structuref thedocumentypesthey contain.Otherkindsof doc-
umenttypesmayor may not be be specifiedexplicitly.
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Fig. 2. Schematimotationof anactiity in thenotationalschemaf the UP, se€[14, pp. 25, 145].

| usethe UP’s schemdor actiities (seeFigure?2) to representhe participantsof
apattern.Notethatthetwin cogwheel-iconmapsto a SubactivityState, thatis, it
may berefinedby a completeActivityGraph.

3.5 Applicability aspect

Apart from the traditional contentsof theseaspectqi.e. naturallanguagede-
scriptionsof theapplicability conditionsof usinga pattern).in our approachthis
aspectsnay be refinedby formal preconditionson participantsThis is particu-
larly relevantfor documentsof courseput mayalsobeappliedto resourcesThis
opengheroadto formal analysisof softwareprocesseandautomaticenactment.
At this point, a little digressioninto the UML metamodels calledfor. First ob-
sene that all notationalelementsof the UML correspondo a metaclassi.e.



a statechartdiagramcorresponddo a StateMachine, an activity diagramto an
ActivityGraph, an action statenodeto an ActionState, an objectflow nodeto an
ObjectFlowState andsoon. | have introduceddocument asa speciakind of Clas-
sifier, andthusit mayhave a StateMachine to describdits lifecycle. In the context
of ActivityGraph, an ObjectFlowState hasatype, thatis, anassociatiorio a Classi-
fier suchasa ClassifierinState. This may be usedto representhe currentstateof
thedocumens lifecycle.

Or, in otherwords (and endingthe digression) documentsand otherresources
have lifecycles,anda particularstateof theselifecyclesmay be usedto inscribe
document(or resource)iconsin workflow diagrams.For instance a document
may bein states'checked out”, "tested”, or "approved” andsoon. So, this state
my beusedasa specificatiorof a preconditionof aresourceAlso, ary otherside
conditions(including timing constraintspr complex logical predicatesnay be
expressedisingOCL.

3.6 Consequencesspect

All thathasbeensaidin the previous sectionappliesanalogouslyto the conse-
guencesspectthe stateattachedo a documenbr otherresources a postcondi-
tion, ratherthena precondition.

3.7 SampleExecution aspect

As | have saidbefore, designresultpatternsarerealizedasprogramsandprocess
patternsarerealizedby peoplein organizationsequippedvith toolsandapplying
techniquesSo,the procesgatternanalogof samplecodeis a sampleexecution,
giving anexampleof how therespectie procesgatternmight berealizedby an
organizationthatis, whois responsibldor what,which techniqguesndtoolsare
appropriatehow partsof thework areto be synchronizedandintegrated,which
changeandversioncontrolsystemmaybeusedandsoon.

For example,aninitial classmodelmay be generatedy conductingstructured
interviews with domainexperts,andthenextractingnounsandverbsfrom such
interviews to defineanalysidevel classe@ndmethodsrespectiely. For analysis
level integration testing, role playing with paperprototypes;for userinterface
designand validation, storyboardsare useful, and so on. On the designlevel,
techniquedike walk-throughs,nspection,and automaticconsisteng checking
(cf. [25]) mightbeappropriate.

3.8 RelatedPatternsaspect

In designpatternsthis may only refer to other designresult patterns.Process
patternshowever, may referto ary kind of patterns,including result patterns,
otherprocesgatternsandorganizationapatterngcf. [12,6]).

4 Using processatterns

In this sectionl shalldiscusshow procesgatternsmay be used.Supposehata
languageof patternswereavailablein the schemeoutlinedabove. Startingfrom



somepredefinednitial state(thatis, a setof documents)developersmay nov
applyary of thosepatternsywhoseapplicabilityaspects satisfiedthatis, all par
ticipantsareavailablein therequiredstate andall OCL constraintsaresatisfied.
Applying oneof thesepatterngesultsin themodificationof existing andcreation
of new documentsaccordingto the schemaprovided in the participantsaspect.
Thatis, applyinga procesatternis, superficially the compaositionof schemas
like in Figure2. Looking closer the detailsof the activity andthe documents’
statehave to betakeninto accounttoo.

In avery similarway, atraditionalprocessnaybere-constructedsingasuitable
languageof processpatterns.Here, the schemaf the participantsaspectare
meigedtogetherat theright document-nodeseeFigure3. Someof the benefits
of patternlanguage$or processemayberealizedevenhere e.g.amorecompact
representationysageof UML, andbettercontrol over whereto demandwhich
level of formality.
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Fig. 3. Individual patternamy be megedto form a developmentgraph.

Both actiity and document-orientegbrocessdescriptionsmy be achieved us-
ing procesyatternsto achieze anactivity-orientedstyle of procesgescription,
the document-typesind statesare simply left abstract.To mimick a document-
orientedstyle,thedocumentsrefilled in with all necessargetail, but the activ-

ities areleft coarse.

In arigid developmentprocesshoth of theseaspectavould be fully specified.
Only procesgatterngrovidedwith theprocescouldbeusedo createor modify

documentsln alooserdevelopmenprocessthedeveloperwould alsobeallowed

to createandmodify documents$n anadhocstyle.Lateron, theseactiitiesmight

againbecastinto the framework of the procesatterndanguageshouldthis be

desiredasaform of commenting.



5 Conclusions

5.1 Summary

In thispaper| have definedadescriptiorschemédor procesgpatternsrery similar
to theoneusedfor designresultpatternsWithin this schemeahe UML is usedto
describethe aspectprocessparticipantsapplicability andconsequences.

In a nutshell,procesgatternamay be usedto describeprocessest anarbitrary
level of precision.They arenow generallyunderstoodasis the UML. Thekind
of procesgatternd have presentedherecaneasilyaccommodatéaditionaland
component-basee. fractal) processnodels.In generalthey offer avery flexi-
ble, yet preciseandgenerallyunderstoodlescriptionformalism.
Otherapproachearemuchlesselaboratedand,by not usingthe UML, alsoof
smallerpracticaluse.

5.2 Futurework

Our groupis currentlyworking on a CASE-systento supportusageof process
patternsin particular catalogingandretrieval, enactmentandcheckingof satis-
factionof abstractlesign-guidelinewill be supportedn thistool. With thistool,
it will thenbepossibleto conductfield studiesof realisticsize.Sofar, | have use
the kinds of procesgatternsproposechereonly in the classroomthoughwith
encouragingesults.In [25], | have proposed procesdanguagdor architectural
modeling,but otherapplicationareasjncludingthoseof classicalworkflows are
possiblebut have notyet beenexamined.

Oneotherimportantotherstrandof our work is the definition of aformal seman-
ticsfor UML ActivityGraphs. Thiswill benecessaryo enactandformally analyze
workflow graphs As of writing this, thereis no generallyagreediponsemantics
available.However, thereis a plethoraof moreor lesscompleteformal seman-
ticsfor UML StateMachines, andActivityGraph is amuchsimplified caseof these.
Recentadwancesin this area(cf. [4, 2]) andour own work shouldamountto a
satisfyingformal semanticprettysoonnow. Suchanalysismethodsvould apply
aswell to procesgatternsasto traditionalprocesslescriptions.
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