aProcessTIK-Report

TIK-Report No. 51

ABSTRACTinfluence way software isproduced and deployed. Software developersbuild organizations produce properlyinteroperating connecting softwareprocesses software process�. challenges traditional concepts software engineeringand requires organizational tobecome design encompasses theunderstanding and ofthree structures: product, process and organization forms,shared among all process participants: developers and tools.We propose process modeling language achievesorganizational structural managing a unified simple model for the three structures.Keywordssoftware process modeling language, integrated process-centered software engineering organizationalINTRODUCTIONsoftware process development ormaintenance of a software product. This process placein a complex, distributed and heterogeneous world actorsand resources need integrated and coordinated,account technical, organizational and social(Process-Centered Software Engineeringdefinition and enactment software process and for processes certainand assoftware and Internet challenge thetraditional concepts and change waysoftware produced, marketed and deployed. Componentdevelopers need to cooperate tightly and share softwareprocesses produce properly interoperating components.cooperation based network autonomousorganizations methods andstrategies) recognized virtualorganization external thesoftware development processes individualcomponent producers together may regarded largeglobal software processlinkedprocesses. Therefore, requirements for future PSEEsemphasize organizationsshould preserveprovide understandingorganization and base for we believeorganizational integritydesignfor should andevolution of product, process and organization forms, sharedprocess We achieve throughstructural model torepresent the three reflected proposed processlanguagefocus paper,After for organizational we presentour proposed software process modeling language reflectingorganizational followed for virtualorganizations and human resources; further benefitsand conclusions are discussed.We developing quality interoperatingdifferentorganizations organizationaltechnical engineeringdisciplines (e.g. car manufacturing) where playand networks enterprises cooperateappear unitaryorganization external observer�s andmake so-called virtual organizationanalogy,different software producers need share anddevelopment processes tightlycooperating and onelarge global software process consisting individuallinked processes. management includes technicaldifficult challenge posed theorganizational aspects decentralized process controland management, and concepts,methods and related challenge isconfiguration management software components.decentralized management products, processes andorganization and theheterogeneous, widelydistributed and loosely coupled organizations provide a greatchallengeand consequence, are thecritical aspects facing challenge chapter andtechnical Therefore, different organizationsorganization share understanding We believe theorganizational aspects product, process and theorganization three organizationalstructures in a software project. The structure and evolutionsoftware product represents project�s andincludes product dependencies, hierarchies, versionsand structure and thesoftware process describes includingprocess dependencies, hierarchies and Thestructure organization includes functionalpeople involved and hierarchic controllingand reporting relations among them.consideration indesign chapter organizational importance and critical softwareparticularly performed heterogeneoushand understanding and product,process and organization shared projectparticipants including people and tools, based on a hand, answers question �Whichproduct process partperformed person?�, covers relationbetween three different structures thepresent and Uncertainty and therequirement for and areinherent in software projects [19]. Thus, providing powerfulmanage change and itfor project managementand requires sharedunderstanding and threeorganizational structures and the relationships of their parts.StructuralUnityThe three organizational structures are investigated different research specificaspect leading specialized methods andprocesses are modeled petri-nets,configuration management trees,organizational structures of a company or team use matriceskeep track developers� and interactions.Achieving organizational therefore trivial.difficulty inherent matchingdifferent structure graphs and matricesconceptual designwhere Brooks architect, we proposestructures manage three organizationalforms [15]. Whereas structural unity achieves organizationaleach structure hasto sacrifice some specific characteristics, inshared We organizational sacrificing sophisticated butspecific structures is the best choice in facing the challenge.requirements for have been studiedwe believe outlined challengedemands requirements modified. order toorganizations network ofheterogeneous and fairly autonomous nodes, a PSEE shouldconnect and integrate nodes theorganizational aspects base for addition toconventional requirements distributed processdefinition and enactment, support for process improvement,should emphasize and organizationalWe achieve organizational structuralfind modeling technique enablerepresented withthispaper focuses on the process aspect processmodeling language, with [15] detailing other aspects.(Generating Integrated rocessSYsupportingorganizational and distributeddefinition and enactment concrete process Theproject targets for componentdevelopment organizations and fordeveloping reusable divided each different layer: DIPSistributed ntegrated rocess ervices) project focuses organization layerobjective achievingorganizational paper covers proposedprocess modeling language. Additionally, CHIPS(Cfor HIntegrated PSupport)project focuses artifact layerformalmethods are for componentreuse design contract) ofintegrated for text-based formallanguages and data integrationpreventing fromdata. Compiler-compiler isextended object-oriented paradigm toolspecification technique grammarsprovide powerful and importartifact layer thedefined finer granularity where required andprovides process-invariant PSEEframework graphical process modelinglanguage, whereas provides process-specific tools.CHIPS-generated external are plugged thePSEE framework to provide a process-specific environment.Terminologytooldata model and views.data requires separatedmodels and model holds data semanticsprovides userinterface by representing the data model and its operations.An artifact is an instance of the model part Thus,artifacts are (instances of) abstract data holding dataand offering valid artifact can haveproperties and can related artifacts representingthe artifact�s context, and communicates with messages.software productdata (contract, specification, documentation, code, testcase, are produced during itsdevelopment and maintenance, and can representedordered artifacts. Every artifact carriessoftware product anddepends artifacts, embodying bothproduct and process These define orderingArtifacts can different and canartifact. wholesoftware product can understood compoundartifact, today�s distributed compound documentarchitectures [17], extended dependencies theversioned product structure need reflect thesoftware product artifacts,not only those delivered to a customer.processdynamic artifact and definesartifact created, edited and confirmed. processcan another reflecting hierarchiccorresponding artifacts. all-enclosing process defines life-cycle all-enclosingartifact representing software product. Thishierarchically termed process,reflects the conventional meaning of a software process [7].We use the same term process for every hierarchic level of process every process fragment and compositionsthereof to emphasize the fact that behavioral rulesapply in every case.based thethree organizational structures.technique model structure and softwareproduct, process and organization required, withdominant design sectionprocess aspects organization and outlinesprocess modeling language, implemented ourPSEE framework�s process engine. In order basicrequirements process definition andlanguage should definition ofprocess elementary process andincluding ordering and hierarchy [4].language should provide andenactment rules and enable process evolution.A software process can be understood as a transformation ofresources product, performed socio-technical software product software process inFeiler�s/Humphrey�s definition software process [7]).goal-oriented approachapproach todesign a process modeling language. Our understanding software product perceived as a compound artifact dominatesthe process language. When product vaguely)dependenciesand hierarchies defined (process definition). Thereafter,for planned productstructure concrete product developed distinctprocess (process enactment). process thedynamic viewproduct, representing plannedproduct structure theprocess structure; structure for product andprocess Permanent uncertaintystructure product [19] drivesproduct and process structurerequiring support for process iteration and evolution.We use a directed acyclic graph (DAG) model processes.colored nodes represent process and states,whereas arrows represent dependencies, 2-dimensional DAG structure (representing bothdependencies and concurrent development). Processdefinition process (creation andevolution), whereas process enactment performing process with a given structure; this is described first.process modeling language process anddependency elements, and of definition and enactment rules.process always modes: enactablemode, enactment operations performed, indefinablemode, definition operations performed.Operations are grouped in transactionsordefinition operations enactment andwhich define the states to be recorded.One process is related to each part of the planned product. process can be part of an enclosing compound process. Thishierarchy reflects structure plannedproduct, understood compound artifact. However,atomic and compound processes distinguishedlater process hierarchy. onlyprocesses representing life-cycle singlecorresponding artifact are assumed.Artifact Life-Cycle and Process StatesFor every process there is a defined sequence reflectinglife-cycle corresponding artifact and process�dynamic nature planned, editable, confirmed. Theeditableincludes the successful creation of the artifact, which is thenassigned process remains stateeditable during development artifact and reaches itsfinal state confirmed after a successful confirmation (detailedartifact�s development represents creativewhereas creation and confirmation are performedcode artifact, mosteffort development, whereas for anobject code artifact there additional development after

Processes are represented squares coloringindicates process workflow thusrepresented progressing whileartifacts always remain assigned to the same process (unlike

Process ContextEach process

(predecessor) processes itdirectly depends on: its process context. The process contextaccessed during creation, development andconfirmation artifact. Each dependency betweenplanned product reflected correspondingdependency between processes code depends related source code, relatedspecification). Dependencies are represented arrows. Allprocesses and process make directedgraph. There is a distinction between the direct dependenciesprocess process and transitivedependencies defined by the transitivity process contexts.

directed graph needs acyclic, transitivehull defines a partial ordering among the processes.colored processes and dependencies defines space processes plannedrepresent and processes stateconfirmed represent accepting transitionresults in a different coloring of the processes. The forstate transitions are covered in the next section.

process planned; artifact isand processwith respect to its process context are explained next.

Artifact Creation creation artifact defined creatingprocess and a creation function associated with each process.is

for creation artifact beassigned creating process (2) process anelement of its process context (1); the respective dependencymarked filled circle.

creation requiresthe creating process and returns artifact code artifact may be defined by creating process holdingrelated source code artifact and creation functiondescribing creating process beusedThe precondition for artifact creation at atomic process is:(state(p) = planned) and (state(creatingprocess(p)) confirmed). successfully performed creation thenew artifact to process p and changes the state to editable.

After creation, artifact developed. highlycreative process engine cannot provide much process confirmed isdefined by required predicate and confirmation signaturethat are associated with each required predicatedefines a property that the assigned artifact hold bevalid for required predicate theprocess and decides assignedartifact holds the required property.

required predicate isimplemented as message understood and evaluated theassigned artifact. After successful evaluation thepredicate, (electronic) person process� representingshould automated omitted.A required predicate is a powerful concept for artifacts basedformal artifacts, where formalpredicate defined, confirmation signature more person requiredpredicate with respect to the related process context.The precondition for artifact confirmation process(state(p) = editable) and (for processes q incontext(p): state(q) = confirmed). successful confirmation

Due dynamic nature software processes, itsorganization should be planned for change.

ofconfirmed processes or the redesign process structureare changes occur frequently. processand reuse based access processolder process need recordedcarefully. powerful process engine explicitlychanges and recording process Weaspects changes are covered theprocess iteration describes theinvalidation and confirmed processes and how changes are recorded, whereas process evolutiondescribes how the process structure can be modified and how changes are recorded. process focusesunchanged space and occursenactable mode, process deals theevolution of the state space and occurs in definable mode.To record process versions, the process language is extendedto handle a third dimension: dimension 4).process revised, copied, and thereset planned.

originaldown dimension anolder process version, whereas changes are performed thecopy, which represents the current process Processsequence structure modifyingbetween transactions arerecorded in the history dimension.

process new process iscalled rollback. A rollback is activated on a set of processes.

current(p) and enactable(p) and (state(p)

planned).Due dependency theprocess effect dependent processes: these need to be considered for revision(invalidation) successor predicate succ(p,direct dependency process q process

(arrow q), and succ(p, q) transitivedependency, the processes concerned rollback set where (succ+(p, q) and state(q)

planned) and (for in(succ+(p, r) and succ+(r, q)) where state(r) „ planned))). Thus,concerned processes contiguousorder perform concernedprocesses including dependencies are copied. Theprocess including dependencies andassigned artifacts down dimensionand become the second newest versions. The

becomenewest process and change stateplanned.

between older originalprocess and corresponding established.

new layer moved processes. Fourrecorded for every process: creation,change editable, change confirmed, andwhen it becomes an older version.

covered process enactment includingartifact creation, development and asprocess operations are provided given state space and do change process (except forthe history dimension). Additional operations are required todefine and redefine processes and record evolution.After processes can enacted immediately(executed interpretation), there neither separateprocess coding language, instantiation of process definitions required.

Process Components process modeling language defines process anddependency and additionally requires creationand required predicate

(which are definedin the artifact layer). All these elements can be used to buildlarger processes process definition creation and required predicate are assigned process define process needs toprovide defined process order evaluate theassociated and predicate. Therefore, creationand required predicate need theprocess creation functionrequires source code in its process context). processcreation required predicate and itsprocess make process component process can assembled larger

Every process can element theprocess succeeding processes. fittogether process process oneotherIf larger can another

arrow between processes represents dependency.The creation function associated with a process defines howartifact created respect process context.

required predicate associated process defines theproperty artifact needs evaluated withrespect process creation andrequired predicate define dependency and arrowspecific organization layer definingprocess modeling language framework whichmanages process dependencies, does define thesemantics of the dependencies. The artifact layer aims thedefinition and used todefine the semantics of messages which creationand required predicates. processes, thislargely process-specific.for real-time formal required predicatebased on tools we implemented for simple formal languageschecks execution primitive-recursivespecifiedpreceding artifact. Dependencies powerfulsemantics are limited to processes holding artifacts based formal process,dependencies� are explained andvalidated through confirmation by the responsible person.

Recording Process Evolutiondescribed process can either modeenactable, for modedefinable, where are permitted. newprocess mode definable. process can onlychange from definable to enactable if it satisfies the outlinedplanned after changing tomode enactable. Processes can be redefined. do setprocesses can reserved for Every processreserved planned rollback needs performed reset (copiesof) the processes to state planned). The reserved set is partof the whole process and keeps ordering: processes p,q in reserved set and succ+(p, q), then for succ(p, r)and succ+(r, q), then r in reserved set.processes reserved including theirdependencies are copied.

process versionsincluding dependencies down historysecond newest Thecopies become the newest process and are ready tochanged.

between older originalprocess version and its corresponding copy is established. Inprocess and can bedistinguished neverplanned processes, whereas evolutionexclusively involves planned processes. After processes reserved have change modeenactable and reserved released forenactment, requires processes thecanceled andthe state before the evolution started is reestablished.where process spaceaffected: new processes can appended processconfirmed, whether current versionor not (while the appended processes become current).

cope large processes, anhierarchical abstraction mechanism is essential. The processlanguage is extended by an expressive hierarchy mechanism.A process can compound process.tree-type hierarchy reflects thestructure of the planned product. Expressiveness achievedhierarchy, behavior ofprocess.Instead artifact, compound process holds ofprocesses (atomic or compound).A compound process can three an defined itsdirectly contained processes (fig. 6). A compound process isaffected by rollback and recorded affected atomicprocesses dimension rollback changesback compound process isaffected process and recorded historydimension with the reserved atomic processes if it withinprocess reserved for enactablecompound process always contains another process.

The dependencies of a compound process are defined thedependencies contained processes. If directlycontained process depends process directlycontained, compound process depends thisprocess. If a directly contained process is dependent

process that is not directly contained, the compound processis also a dependent of it.

PrototypeA distributed prototype framework process engine that supports the presented process modelinglanguage been implemented together somebeen used successfully instudent exercises lectures theexample screenshot (left) and(middle) process hierarchically processes arecompound, represented larger squares), each whichhave older (represented process compound processes processes reveals contained processes theirartifacts).

process represents student exercise:compound processes corresponding grammar should beand generated compilerformal methodscreate artifact and concurrent process sentences are defined;process concurrent tracks

We have experimentally applied manageprocess hasprovided us with valuable insights used to refine the processmodeling language and farindicates the validity of our concepts. While always keeping language areunder consideration, including for variants thesecond concept besides andtemporarily isolated developers� workspaces. Inwe have employed simpleproprietary limited-integrationinstead comprehensive standards as focus organizational rather thantechnical should serve proof-of-concept. We are considering platform-independent operation and itsdeployment WWW, and CORBAdistributed objects as the underlying technology.

far, process modeling language proposed aboveand implemented processes forindividual and organization.Supporting a global software process shared among differentorganizations requires language processes connected are managed and owned different organizations different nodes virtual describe different (asgraphical editor componentframework, editorcomponent�s process depends theframework�s differentframework�s process should remainindependent of any process of a component using it.requires interprocess dependencies, behaviordiffers regular dependencies. Interprocess dependenciesdo propagate process definition and enactmentrollback theframework�s process invalidates dependent processes withinframework�s should affect processes offramework, shouldcontinue to use the same version of a framework and remainunaffected creation new except for component�s developer tonew interprocess dependencies newer versionsframework where appropriate. Furthermore,with interprocess dependencies, dependent processes have processes depending reusable framework�s process should remain read-only fordevelopers and unaffected potentiallythousands of component processes depending on it.Another requirement for organizations isprocesses connection

10dependent processes. We envisage providingrepresentations processes WWW, whereuponinterprocess dependencies occurs via

software process [18] and used aresoftware define dependencies� semanticsand are therefore constituent

whileare software products and therefore ofsoftware processes. These processes providingare called metaprocesses respect processwherein they are used to develop a product.A metaprocess dependency special interprocessdependency which describes a process� dependency

its development process instead of a process� dependency a predecessor process. every process isrelated by metaprocess dependencies to processescreation and required predicateand providing used

artifact (moreare described specific configurationsprocesses). Every artifact isdeveloped specific and thisinformation is retained by metaprocess dependencies, insteadnewer promising

delivering) upward when theybecome available. Furthermore, tools again depend otherUseof interprocess and metaprocess dependencies toconfiguration management software processby providing version, dependency and origin information.

Besides model represent structure andsoftware product and process outlinedmodel represent organization formneeds established Today, processes areincreasingly dominant and strategic an

whereas organization we see software product thewe do desire constrainedorganization

pointed already in chapter Instead, organizationproduct organization are allocated dynamically for ongoingprocesses, adapting structure and hierarchy thecorresponding process, which leads to the structural unity ofproduct, process and organization and we

separate hierarchic organization Thus,life-cycle organization constrained thelife-cycle of the corresponding process.Additionally, competence employees�and and serves resource whichprocesses (e.g.confirming) theircompetencies to the skills required for a role. While difficultrealize, organizations already poolapproach project blackboardand developers assemble appropriate related benefit for(independent) information technology experts to be part of

virtual organization only during a specific project.

languages have been studiedextensively in recent years, collected e.g. in [9] and andsurveyed in [4], [1], [10] and projects areprocess softwareengineering and provide powerful and domain-specific process modeling languages; there greatdiversity language paradigms. Perceiving productstructure including and

difficultlanguages provide sophisticated tomodel processes but do not reflect goal-oriented design ororganizational whether rule- and trigger-based orgraph-based approaches are used. E.g. with artifactspetri-net-based

difficult process and product and record correspondingprocess modeling language,goal-orientation central and illustrated structuraland we choose organizational

framework and do sophisticated language,intentionally delegating

specific featuresartifact layer required. compare Internet,where the trade-off of

protocolsand standards and an integrated user interface enormouslysuccessful. benefits organizational integrityachieved through structural unity are outlined below.

Organizational process and configurationmanagement integrated. approach,

configuration artifacts, thecorresponding processes. Due 3-dimensionalevolutionary structure process persistence

and dependencies artifacts process is

oneversion of each artifact developed in a process, and is defined

vertical called and selects theprocesses of concern code processes). The

defines filteredprocesses configuration and processes process modeland all processes the processes dependon; dependencies can even lead across history layers.implemented, we process for thevalid configurations

11dependency corresponding processes are notviolated.

during process we artifact are together.are

andmake Thisimproved and comprehensible configuration management isorganizational lack ofwhich can often be observed in existing toassemble configurations sophisticated rules

organizations extends scope of process beyond individual processes, consequentduration scope processes, beyond developmentPost-deployment configuration management [12]process-inherent dependencies. vision,software deployed network

process-aware involvesconfigured process customer,deliverables, documentation, retain completedependency and customer�sinstalled base software

manyparts of linked processes from different suppliers, and can beregarded database and metainformationgreatly exceeding traditional and directory concepts.for concepts includeprocess-integrated deployment and even runtimeLoading for notsearch name filingdirectory arbitrary human-specifiedinstead valid processaddress to precise and include downloading.are addressed research[11] and commerce, we are aware integrateddirectly process forcomplete life-cycle software fromdevelopment to deployment and instantiationdirectly process (copy). We believe

beimportant future directions for software components.

reuse due insufficientSoftwareinterfaces define semanticspecifications provided documents inundisclosed source code. pragmatic alternative, weconsider intermediate between the

interface and theprovides dependency anddirectly the

developer suchcontext information during a component�s development. Wepropose retain and inappropriate

WWW). We theapproach regard development represents animprovement over current practice describing component

neither desirable for end-users atpresent usually feasible for developers.

Due dynamics organization softwareproduct, process and organization forms, andresources, and aredifficult require adjustment.Organizational based structural withorganizational structures� partscan make these more comprehensible and easier to manage.

complementary project design ofprocess proposed process modelinglanguage should employed define concrete processes.experience and reuse ofand we believe should occur inspecificcould inspired

theorganization and socialinteraction [3] could applied.

orpatterns for reuse in process design could expressed pattern language extending our process modeling language.

CONCLUSIONS software andthe Internet will undoubtedly have a significant influence onway software produced, marketed and deployed.Software developers create virtualorganizations produce interoperating and interdependentconnecting software processes

software We believe supporting heterogeneousorganizations challenge Therefore,requirements for future should emphasize morebetween organizations them,should preserve PSEEshould provide base for andorganizational integrity through a common understanding oforganization encompassing structure, state and ofproduct, process and organization shared

process participants (people and We propose toachieve organizational integrity through structural astrade-offs unified model torepresent organizational structures

specificsophisticated models are organizationaltechnical have been studied extensivelyelsewhere, focus complementary

12organizational We propose graphical processmodeling language providing organizational integritystructural manages processes withand complete whilecomplementary formal methods aresupported are for developing reusable

concepts process modelinglanguage are rather and frameworkdemonstrates can implemented andused rather straightforward transitionlarge-scale mustinclude technical interoperability issues not addressed ourwe believe proposed process modelinglanguage could underlying concept future PSEEsreflecting organizational and softwaredistributedconfiguration management and software deployment.new keyissue in organizing software development in future

software process.REFERENCES

P. S. Bandinelli, C. SoftwareProc.4th Conf. Software EngineeringIEEECS Press, 1992, 455-462.

F.P. Brooks, Man-Month20th (ext�d),

Coplien D.C. Schmidt Languages of

B. Curtis, J. Modeling, of

Virtual Organization: Structuringand Revitalizing Corporation 21st CenturyBurlingameBooks, 1992.

M.J. Product: ACM

P.H. Development Conf.

Software Process

Environments

P.K. M. SoftwareEnvironments: in: A. R.S. An 17th Conf. Distributed Computing

Configuration6th Software ConfigurationManagement

30(7):113-114, July 1997.

ComponentProgramming(WCOP)10th

Unity andProc.8th Conf. Software (SEE)Cottbus,

Workshop(WCOP)11th EuropeanFinland,

R. J. Essential Distributed

Revisited:ICSE 19thInt�l Conf. Software Engineering (ICSE), Boston, 1997.

P.C. Clements, Rational How

DIPS Proc.30th Hawaii Conf. (HICSS)CS Press,

S.M. Sutton, P.L. of95-78

13TIK-Reports

Aspekte computergest�tzter Kooperation - Schriftliches Material eines Seminars an der ETH Z�richExtensible Attribute GrammarsGIPSY: A Generator for Incremental Programming SystemsConformance and Interoperability - A critical assessmentOOP-Softwarearchitektur f�r MultimediakommunikationSpezifizieren und Generieren von integrierten Umgebungen mit GIPSYDie Spezifizierungssprache GIPSY/LA Flow-Based Approach to Solving Resource-Constrained Scheduling Problems

14OberonT -- eine Programmiersprache f�r sicherheitskritische SystemeGIPSY: Generating Integrated Process support SYstems - Project OverviewCHIPS Reference ManualNFS Performance Investigations Based on Classical IP over ATMDynamic Semantics of the Oberon Programming LanguageProject Da CaPo++, Volume I: Architectural and Detailed DesignJuergen Teich, Eckart Zitzler, Shuvra S. Bhattacharyya, 1997, TIK-Report No.32Lothar Thiele, J�rgen Teich, Martin Naedele, Karsten Strehl, and Dirk Ziegenbein, January 1998, TIK-Report No.33A set macro language for ASMs

15Telepoly++ - Towards a Highly Distributed Synchronous and Interactive Teleteaching EnvironmentHAM: Hardware Moved Molecules, Annual Report 1997Introducing Design Patterns for Petri NetsJ�rn Janneck, Martin Naedele, February 1998, TIK-Report No.39Symbolic Model Checking of Petri Nets Using Interval Diagram TechniquesEfficient Security for Large and Dynamic Multicast GroupsGermano Caronni, Marcel Waldvogel, Dan Sun, Bernhard Plattner, April 1998,TIK-Report No.41The WaveVideo System and Network Architecture: Design and ImplementationGeorge Fankhauser, TIK-Report No.44Integrating Domain Specific Language Design in the Software Live CycleObject-based Abstract State MachinesObject-based Mapping Automata - Reference ManualJoern W. Janneck, TIK-Report No.50