aTIK-Report

TIK-Report No. 52

ABSTRACTSoftware development and deployment are traditionally separate non-interoperating theyconcern We propose modeling language for software developmentprocesses that incorporates the software artifacts being developed in the process productstructure including dependency, and configurationrequired for deployment. Based we present distributed framework,implemented process process-interoperable base for developers and and separate enhancements for development anddeployment. developers, extended process definition and enactment engine asprocess-specific make software engineering distributeddevelopment, configuration and release software linked processes. isextended deployment and retrieval, and ofsoftware, and manages user-site process bases. Developers publish parts of their development processes,and users copy linked parts of different developers� processes software artifacts localprocess bases. Deployed software retains process-awareness, configurations checkedKeywordsdistributed framework, software development software deployment, process interoperability,distributed objectsINTRODUCTIONInternet�s remarkable and emergence distributed influencesoftware development and software deployment and demand traditional requirements berevised. Software is increasingly being developed as a �system of systems� by a heterogeneous group oforganizations [2] independently, requiring large and dependencygraphs software managed. software are self-contained, different sources required make andhave easier access downloadable software. configuration management complexalready for developers deployment valid configurationsfor software development processes should emphasize amongheterogeneous widely distributed developers individual processes, providing understanding of processes and different processes linked together reflect componentdependencies. due increasingly dependencies betterfor software deployment desirable, particularly dependencies can formalized,deployment automated. Developers should specify and componentdependencies electronically, since they have more information about their components than anyone else.Therefore, product structure dependencies should incorporated already thesoftware development and should made available and used subsequentdeployment software product. We propose modeling language for software developmentprocesses model for process structure and product and we havedesigned and implemented distributed framework software development andsoftware deployment based on a common interoperable understanding of the software process.OBJECTIVESProcess-centered software engineering environments must definition and enactment softwaredevelopment processes, allow different tools to be used for different process and enable multipleparticipants process Distributed software engineering [12] sense ofcollaborative engineering, engineering for distributed even widelydistributed, developers participate individual processes, provides forconnecting different processes or for working in heterogeneous environments.We believe distributed software engineering should move one step further and extend scopeprocesses beyond individual processes, additionally different processes,organization,or processes of otherwise independent developers. large softwareprocess�. Process linking reflects dependencies of under development each assupplied different developers. dependenciesprecisely and uniquely identify versions and origins of components, including code, source code,documentation, for development, specification, forextended, beyond development process deploying software.been identified encompass release, and removal ofdeployment and updates, and developers make software availableand retrieve software and manage individual user-site software registries softwarereleasing requires developers provide dependencies, source and further metadata for everysoftware component [10]. Since developers best know about their components, we believe much of thisparticularly dependencies, should inserted process already development time,for source addedprocess atand dependencies are dependenciesalready development does contradict independent development,reference depend vice versa. process becomesused beyondcycle including development and deployment,instead of dispersing such information in several unrelated databases.development linked processes occurs widely distributed heterogeneous andrepresent widely distributed heterogeneous heterogeneous and are supported, demands development and deploymentdevelopers and developers and are propose process modeling language and distributed three requirements for processes, for heterogeneousorganizations and for process and for deployment, addition totraditional requirements, leads interoperable understanding process,which we believe is more important than traditional full-featured process representations.Our DIPS project (istributed ntegrated Pfocuses process modeling languageand its implementation in the distributed framework, and provides process and services�framework� order perform development activities,the framework must be extended by process-specific tools (editors, compilers, etc.) softwareengineering for deployment however, required. associatedproject (Cfor HIntegrated PSfocuses semanticdata specified and generated compiler-compilerprovides process-specific dependency inprocesses formalized, we believe for formal methods increasingly important,particularly when developing reusable However, formalizing dependency semanticsadapters, lower and together projectsoftware process software product and we intend softwareproduct beyond development and beyond individual processes, product structureshould reflected process We achieve structural process andproduct: the structure of the software product as planned and under development defines structure ofdevelopment end, proposed language for modeling processes defines processnodes and dependencies for processes, definition rules(define) processes, enactment rulesspecifying processes, once defined, executed (enacted), product and processconfigurations specified completed process for release otherdevelopers and users.(software) product ordered artifacts, holding data are produced duringdevelopment and maintenance product (contract, specification, code, case,delivered Every artifact carries theinformation of a part of the software product and depends artifacts, defining theordering of the set. Artifacts can exist in different versions (both revisions and variants), and can partof an enclosing compound artifact, thus defining a tree-like hierarchy with artifacts software product can understood compound artifact, compound documents butextended by dependencies among the versioned parts. An atomic artifact is ideally an anproperties andrelated artifacts code artifact depends source code artifact), object adapters also allow conventional files created by external tools to be used as artifacts.A (software) process is the dynamic view of software product under development and defines itsartifacts are created, edited and confirmed. process directed acyclic graph (DAG): nodes areprocess nodes represent process dynamic artifacts) and are either orcompound: an atomic process node holds one associated atomic artifact with used and processes, compoundprocess node holds process nodes compound), defining process hierarchy, whose(recursively) associated artifacts make compound artifact. DAG�s edges are arrowsrepresenting artifacts� dependencies and direction development workflow (which isthe reverse direction of the dependency).The process is the hierarchically all-enclosing top compound process node processnodes with dependencies, and with all versions of the process nodes, and artifacts attached theirrespective process nodes; represents all-enclosing artifact product.The process structure is the process without attached artifacts. A process represents one software productsoftware and different processes linked represent productdependencies. Developers decide whether product should represented large orseveral smaller linked processes, based on their desired degree of interaction.Processes are defined creating process nodes and dependencies represent theplanned product 2-dimensional and process-specific compositionwhere imposed used dependency code source code and libraryartifacts). In order to support variants, dependencies can be grouped in sets of alternatives duringenactment, only one dependency in the set is used at a time.change inherent software processes language provides third theeither process structure created artifacts have revised(in process evolution respectively process iteration operations), a new copy of the affected part of 2-dimensional DAG structure is created (with nodes and dependencies) and inserted place thecreate new layer thechange recorded and old process beaccessible, modifiable copied, new dependencies appended).Revisions may also be used as variants for dependent artifacts, artifact depend alternatively

Fig. 1: Process dimensions (graph with nodes and dependencies; artifacts not shown)Defined processes enacted immediately there separate orand processes defined even after enactment. enactment, anatomic process node traverses a sequence of three different states (represented by colors), commencing instate planned:planned: no artifact is assigned to the process node;editable: an artifact has been created and assigned to the process node and is being developed;confirmed: assigned artifact required property specified process node, artifact isconfirmed to be completed, and it may not be modified any more.

electronic developer theartifact been checked specified formal Where dependent artifactrequires predecessor artifacts for creation creation code requires source code becompiled), this can only proceed after their confirmation. This defines a partial ordering workflow inthe process, visualized by progressing coloring (representing process nodes. transitionsof compound process nodes are similar, but governed their contained process nodes� states.order processes reflect dependencies, new editor depends on a released framework, interprocess dependency established node inprocess either node configuration another standard dependencies,interprocess dependencies may only be established on confirmed (read-only) nodes and are notregistered in the nodes they depend on (since another organization�s process where thedeveloper has no and therefore definition enactment operations are propagateddependencies. appropriate, editor�s developer does desire hiswhen framework�s developer releasesnew instead notified newrevision and later decide to make use of it.An interprocess dependency may also be used as a metaprocess dependency describing an artifact�s tool�sspecification thesoftware engineering environment�s configuration at any time during process evolution.Configurationsconfiguration confirmed (therefore read-only) process nodes associatedartifacts) in a process or in linked processes, used e.g. to define artifacts release product, specified by a vertical process select artifacts concern (e.g.include object code and documentation artifacts, but no source code), a horizontal projection defineswhich revisions of the filtered artifacts are used, and if appropriate a specification of the chosen variants.require (and variant) artifact Independently stored configuration can used describe products ofotherwise unrelated configurations.In order to provide independence among development and deployment, yet allow processes shared,we propose framework language based layered architecture, verticaldependencies among layers. As illustrated in fig. 2, basic distribution services are required, whichcommon distributed process services are based. These define process services shared among developmentand deployment and provide process development and deployment eachextend specific features, processes. services allow

Fig. 2: Four-layered framework architectureservices handle and replication processes and artifacts, manage accessand provide distributed communicate,provide transactions handle synchronization replicas, andprovide a level of abstraction and heterogeneous should provide sameinterfaces and different services are provided requestbrokers for distributed extended specific services, for Internet-wide

The common distributed process services handle those aspects of the process modeling language that aredevelopment and deployment. define process nodes anassociated artifact, and compound) and dependencies (standard and interprocess) processcomposition elements. Only structural dependency information handled (predecessor/successor nodes,contained/enclosing nodes, older/newer alternatives), process-specificdependency semantics handled by tools. Association of artifacts and various attributes (access privileges,process nodes handled message forwarding artifact artifact.Specification of configurations and configuration supported. multi-dimensionalprocess structures for storage and network provided. Processes aremanaged process bases developer and user different access fordevelopers and users), and and replication nodes and artifacts processes supported,but without defining policies. Based on the distributed protocolsare supported distributed developers and access and processes carry outdevelopment or deployment activities.process services are able process representation beyondindividual processes and beyond development time, providing a base for process interoperability amongdevelopers as well as between development and deployment.development for process definition and enactment, processes to be composed, linked, evolved and enacted. It thus defines providedvalid processes, processes evolve wheniteration or evolution operations are performed (e.g. copying of affected process ofolder/newer dependencies, and enforces enactment concerning processnodes (e.g. no compilation before associated source code is confirmed). includes distributed processengine that provides 2D and 3D graphical process views for definition and enactment operations wellfor and query operations process structure and artifacts, and based simpledistributed detailedfor process nodes and artifacts. provides theuser interface for specification configurations and configuration and release configurationsappropriate access every artifact and configuration globally unique address that allows precise versioned identification of any copy.The deployment system handles copying of completed and released software products from developers orprovides similargraphical user interface for processes, proprietarydevelopers), and retrieve accesses processes are read-only. selectedconfiguration spread over multiple distributed sources downloaded retrievedconfigurations are inserted user-site process base and established reflectingexactly developers� process validation configurations andconfiguration user prevention invalid and straightforward removal ofundesired configurations. Users thus have their own unique base configurations originatingfrom many different processes from different developers.operating conventional slightmodification: loader retrieves code artifacts directly user-site process base,instead loading conventional access namelanguage used for artifact�s does require anyversioning concept, but unlike files, where versions are at best specified by (error-prone) paths, installedvalid configurations guarantee that correct versions required artifacts are accessed. local software will be stored in the local process base, and the used todata become are used for Processbases may also be shared among several user workstations, e.g. diskless network computers.services development (editors, plugged theprocess framework order extend framework software engineering Theservices also define extensible messages for communication among artifacts are instances tools.For CHIPS-based tools, specific messages are used that access related artifacts process context,to validate formal dependencies or to create new artifacts, e.g. an object code artifact�s creation may be implemented as a compile message sent to its related source code artifact, andreturns the object code artifact. Message types include requests provide specific artifact,create text-based artifacts used for WWW Other areratherThis section describes how different distribution policies are used for development and for deployment,for different framework introduced and for process nodes and forartifacts.order actively participate developer requires services, distributed process services, and development and services CHIPS-basedare used, process-specific for artifacts process on.needs deployment and for process-based software too,developer together developers process several processes,whereby every developer different requires aboutprocess and processes. operation patterns suggeststhat non-replicated distribution of artifacts and replicated distribution of all process nodes of a process isa favorable distribution policy, as discussed in [19] developers require frequentdependency and metainformation related artifacts stored process nodes, butprocess nodes are updated relatively infrequently, replication overhead Artifactshowever are distributed according to their developers and are not replicated, since a developer updates hisown artifacts relatively frequently (compared to their associated nodes), so this should occur buthe reads others less often, and moreover artifacts can be based on very heterogeneous tools which makesreplication heterogeneous difficult. node replication synchronized specifying master machine for every process and using a simple primary-backup scheme [14].participants(larger projects would typically be run as separate (i.e. non-propagating) linked processes) and processesSinceresponse times are not critical, small-scale replication of process nodes on every developer�s machine isfeasible, and with reduced response time requirements, even for Internet-wide developers,More and replication ordynamically changing replication, are conceivable, but more complex.

Fig. 3: Distributed development system, illustrating replication of process structure(process nodes) and non-replicated distribution of associated artifacts (shown as icons)Supported by the development framework and carried out developers, release specifying configuration defines process nodes have deliverable artifacts, code andaccess nodes artifactsand selected attributes to readable for and connect process for retrieval.Released configurations should made available �forever�, areconceivable. For marketing, we also envisage software component releases to be registered in searchablecarry purpose and andinclude provides graphical dependency andconfiguration information on the WWW, and allows retrieval of selected configurations.

user desiring software developed process requires services, distributed process services and deployment and development-relatedparts of the framework.carried individual and retrieval released configurations fromsuitable sources and insertion user�s process After finding WWW-based software unique address serves precisely identify whicheversource made available, and identifies source made available, thedeveloper. Typically, a developer deploy enterprise�s process server itswhere companies deploy process servers Internet,which again will be accessed via intranets for their employees� local deployment (fig. 4). Thus, orderavoid excessive load developer�s requires redirection for deploymentsystems, where every deployment system has its list of preferred servers to consulted for retrieval ofbefore developer�s contacted ifunsuccessful elsewhere. If are enforced, individualwould have access developer�s enterprise�scopies, thus requiring redirection.Users thus build their own process base of configurations, and any such process base may again becomeenterprise servers, and developer even user ownreleases (since all releases are read-only), in which case no required. management ofservers and process different schemes are envisageable, cache management manualmanagement. deployment read-only are updated, wide-scalereplicated deployment scales well.requirement, advantageous deployment scheme would anendogenous ownership mechanism for software as proposed in [1] which would allow e.g. a pay-per-usescheme for software instead conventional pay-per-copy would user accesssoftware could copied freely and instead executionor instantiation would be charged.

Fig. 4: Internet and intranet development and deployment scenario (involving 4 components:IMPLEMENTATIONWe have implemented a limited-functionality prototype system of distributed framework Oberon and UNIX togetherCHIPS-based editors, compilers) and adapters for external andgraphical editors, wordprocessors; currently limited to tool invocation). Distributed operations are based

10Internet-wide Oberon

chosen several years butmeanwhile CORBA systems and Java have emerged requirements and we believe framework should eventuallybe integrated Internet facilitate Internet-wide collaborative We have defined simplefor process replica distributed objectsartifacts, deployment requests specific Artifacts arecurrently addressed by their host�s Internet address, process name, and process node number, all of whichare unique within their scope; configurations are addressed by their unique name process; moreelaborate addressing schemes are envisaged. As a demonstration of providing process information on theWWW retrieval we have dedicated WWW server current process dependencies on-the-fly and graphics WWW (i.e.independently framework), providing and QuickDraw and showingtext-based artifacts correct depending artifacts[20][7]. distributed operation for graphical process definition and enactment includingprocess and providing artifact and specification and validation ofand process are supported. Meanwhile,process aspects are simulated defining processes large

We have used successfully software processes student exercises oflectures (as and we have applied development developers, and process nodes process each). Whenever we complete new release, appropriate configuration defined, relatedaccess are readable for (release access are differentiated), and process required artifacts can downloaded another user involved distributed sources request (currently withoutredirection), while development of new revisions in the same process continues unaffected.In order to use the development and/or deployment system, no modifications are required to an operatingare required either, deployed artifacts are stored and can instantiated conventionally,assuming modern dynamic linking and loading

Oberon However, weenvisage user-site process bases handled management separate filingsystems, as processes and artifacts remain even after deployment and retain process-accessible process instead process andprocess and artifact concepts replace directory and concepts for software,handling metainformation dependencies) systemdirectories, and requiring the loader to instantiate objects directly out of the process base instead fromfile.

(left: top-level process hierarchy; right: zoom-in on a compound node)DISCUSSION

Process-centered software engineering environments have been studied

recent years, withpapers collected [6] and There great diversity process modeling languages andindividual processes, littlesupport for connecting different processes or for managing processes in heterogeneous widely distributedinteroperable process base important

11sophisticated features. for software deployment regarded as a separate task.As a survey of release management, installation and configuration registry discusses, oneresearch covers deployment and release management lackeither adequate for dependency management and system,dependencies are typically specified manually. individual development ordeployment we are aware integrated directly processfor dependency and configuration management, and software developmentwidely distributed heterogeneous configuration management, release and installationand management user-site process bases (registries) directly fromRegarding the new challenges to software development and deployment provided wide-scale Internetconnectivity, emerging distributed component technologies, and virtual we believe moreemphasis should be placed on organizational interoperability wide-scale and particular inprocess interoperability developers developers andconcernstraightforwardthere apparently we do cannotinteroperability instead propose new approach providinginteroperability among developers and among developers and applicable wide-scale distributedsystems which are inevitably heterogeneous.software development process hold product structure ascomponent dependencies that concerns developers different processesandwe propose process modeling language manages productand processand Based we present distributed frameworkand deployment enablingdifferent developers and developers and users to interoperate by sharing common process representations.providing interoperable distributed for process representation andprocess� linked processes,replacement management concepts software, improved Internetintegration of process support, and also provide opportunities for agent-based software deployment. Wepresent a successful prototype as proof-of-concept, and we believe basedideas, definitionof standards and systems should be pursued leading to global process interoperability.REFERENCESDavidow and and Corporationand andandThe HTTP IEEE InternetComputingand and TechnologyGarg and EnvironmentsIEEE CS Press,1995.Aa Future andToolsand An Post-Developmenta Wide-AreaComputingand6thEuropean SIGSOFT SoftwareThe CM (ed.),

12

Computer

Murer and

and GIPSY

Cottbus, and AHow and IEEE Trans. andDIPS Cooperative

Hawaii (HICSS)IEEE CS Jan.

andTowards InteroperabilityWWW,

(AusWeb)Gold July

13TIK-ReportsAspekte 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 DesignDistributed and ofSynchronizationJuergen Teich, Eckart Zitzler, Shuvra S. Bhattacharyya, 1997, TIK-Report No.32Lothar Thiele, J�rgen Teich, Martin Naedele, Karsten Strehl, and Dirk Ziegenbein, January A set macro language for ASMsTelepoly++ - Towards a Highly Distributed Synchronous and Interactive Teleteaching Environment

15HAM: 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 Marcel Waldvogel, Dan Bernhard 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.50Organizational Integrity: Facing the Challenge of the Global Software Process