UBILAB Technical Report 94.9.1

Computer Supported CooperativeSoftware Engineering with Beyond-SniffWalter R. Bischofberger, Thomas Kofler,Kai-Uwe M�tzel, Bruno Sch�fferUBILAB, Union Bank of SwitzerlandBahnhofstr. 45, CH-8021 Zuriche-mail: {bischofberger, kofler, maetzel, schaeffer}@ubilab.ubs.chTeamwork is a prerequisite for the development of large complex software systems. Inconventional software engineering coordination of teamwork is achieved byexchanging formal documents and by providing support for keeping these documentsconsistent even while several developers are evolving them.In order to support teamwork more effectively it is important to move the focusbeyond coordination towards cooperation. The goal of the Beyond-Sniff project is toprovide cooperation support in three ways. First, by providing a terminological andconceptional foundation for the field of cooperative software engineering. Second, bydeveloping tools for computer supported cooperative software engineering. Third, bydeveloping a platform for control and data integration, a technical prerequisite forcomputer supported cooperative software engineering.1Motivation and OverviewSoftware systems tend to have a more and more complex and comprehensive view on theapplication domains they model. The complexity of these systems goes hand in hand with thedifficulties (the amount of efforts to be invested for their development) arising during theirdevelopment. This is an important reason why the implementation of even modest softwaresystems can only be carried out effectively as an iterative and cooperative process.Communication and coordination are prerequisites to successful cooperation. Their qualitystrongly affects team productivity and the resulting products. Unfortunately, the costs of satisfyingcommunication and coordination needs quickly reach unacceptable dimensions. These costsnaturally limit the size of closely cooperating teams and therefore, also the size and complexity ofprojects that can be carried out cooperatively.Since we have (or want) to stretch the limits created by the negative side effects of cooperation,we need methods and tools that explicitly address communication and coordination. The provisionof suitable methods and tools and their application are the core of an emerging discipline that iscalled cooperative software engineering. A sensible and promising approach to cooperativesoftware engineering is the enrichment of conventional software engineering by concepts found inthe field of computer supported cooperative work (CSCW).

- 2 -1.1Motivation for the Beyond-Sniff ProjectBased on our experience in developing large object-oriented software systems we began in 1991 todevelop Sniff, an innovative C++ programming environment [Bis92a]1. We drew the motivationfor this project from the facts that the characteristics of object-oriented software developmentstrongly increases the requirements for development environments [Bis94] and that, at that time,our personal needs were not fulfilled by any available environment.Sniff proved to be very useful for browsing, editing and executing large object-orientedsoftware systems. The longer we use it in our team, the more it becomes clear that its conventionalway of supporting cooperation with a configuration management system is far from optimal.Configuration management helps to organize the development process of large projects but itaddresses only few problems of cooperation. For instance, it ignores the exchange of arbitraryinformation related to projects. In other words: there are no facilities for computer supportedknow-how transfer or fine grained harmonizing of activities.A useful cooperative development environment should provide such support. Therefore it hasto comprise facilities for flexible communication between coworkers and for attaching arbitraryinformation to all kinds of project artifacts. Typical information to be exchanged or attached arerationales for structure and evolution of subsystem interfaces as well as myriads of detailed designdecisions.Neither current software engineering nor development environments and their underlyingarchitectures are suited to provide comprehensive cooperation support. This insight provided uswith the motivation to start the Beyond-Sniff project.The goals of the Beyond-Sniff project are to develop a conceptual framework for cooperativesoftware engineering, and to build the development environment needed for its enactment. Thisenvironment requires a platform that allows to integrate a set of existing and new tools into acooperative software development environment.1.2ContentsSection 2 outlines two forms of cooperation we identified and defines the term CooperativeSoftware Engineering (CSE). Based on these definitions it investigates currently employedapproaches to cooperative software engineering. Section 3 describes the Beyond-Sniff approach tosupport CSE. Section 4 provides some background on the realization of Beyond-Sniff and outlinesthe relationship between our approach and related work. Section 5 draws conclusions.2Cooperative Software EngineeringThe terms "cooperative software engineering" and "computer supported cooperative softwareengineering" are used in different contexts with different meaning. There is no generally accepteddefinition for them. For this reason this section defines the term Cooperative Software Engineering(CSE) and discusses state-of-the-art approaches to support it.2.1Forms of CooperationWe assume an intuitive understanding of the term cooperation. Cooperation usually implies sharedgoals among different actors [Mal94]. Coordination is managing dependencies between activities.Coordination is an important part of cooperation.

1Sniff was commercialized under the name of SNiFF+ at the end of 1992. The product version is free foruniversities and can be downloaded by ftp from eunet.co.at (/pub/vendor/takefive) or fromself.stanford.edu (/pub/sniff).

- 3 -We identify two forms of cooperation, policy-driven and informal cooperation. Policy-drivencooperation is done by exchange and correct handling of well-structured documents andconcurrency control regarding the access to artifacts. Informal cooperation is characterized by theunrestricted exchange of structured or unstructured information.Configuration management as defined by conventional software engineering is a subset ofpolicy-driven cooperation. Examples for informal cooperation are the provision of textuallyannotated artifacts, e-mail messages, or the extraction of information from source code.2.2The Nature of Cooperative Software EngineeringBased on the term software engineering, as defined by Pomberger [Pom93] and on the termsintroduced above we can define Cooperative Software Engineering (CSE) as follows:Cooperative software engineering comprises all software engineering methods,norms and tools that support teamwork flexibly and effectively.Cooperative software engineering is therefore a subset of classical software engineering. Toolssupport CSE if they fulfill the following requirements: They provide mechanisms for policy-drivenand informal cooperation as well as for access control and these mechanisms are completelyintegrated into the tools.The following examples illustrate this definition. A syntax driven editor supporting distributedsimultaneous editing is no CSE tool because it does not support policy-driven cooperation. Adocumentation tool comprising browsers for information acquisition, supporting simultaneousediting and exchange of documents between team members (if the privileges permit it), is a CSEtool.2.3Approaches Related to Cooperative Software EngineeringThere is a variety of approaches supporting cooperative work in general or cooperative softwareengineering in particular. This subsection discusses how conventional software engineering,process-centered software engineering, and CSCW address cooperation, and why neither approachfully meets the definition of CSE.Conventional Software EngineeringFor conventional software engineering coordination of concurrent development is one of the majortask of configuration management. Pessimistic and optimistic approaches to coordination aredistinguished today [Sch93].Pessimistic coordination means that all developers work on the same artifacts. The concurrentediting of the same files is prevented by locking. In practice, this approach fails as soon as thenumber of coworkers exceeds a project-dependent but very low boundary.During optimistic coordination each developer works on his personal copy of the source code.From time to time, the copies can be merged into a new shared version. Conflicts between changeshave to be resolved during the merge process. The advantage of optimistic coordination is that itmakes it possible to decouple developers almost completely for some time. The price fordecoupling is the need for merging. At the merging phase, part of the communication that has beenpostponed now takes place in a more concentrated manner. Decoupling pays off because the costof postponing and merging are usually much smaller than the benefit obtained.Pessimistic and optimistic coordination are supported by configuration management tools. Bothare forms of policy-driven cooperation. Informal cooperation is not addressed—on purpose—byconventional software engineering, which is a consequence of the basic assumption that softwaredevelopment can be carried out top-down as a tailoristic, rigidly sequential process. Although thisbasic assumption is today generally considered wrong (e.g., [Bis92b, Boo94]), informalcooperation is still not addressed by software engineering.

- 4 -Process-Centered Software EngineeringProcess-centered software engineering tries to establish a comprehensive theoretical basis forunderstanding, describing, and enacting specific software processes [Mad91, Ost87].The basic idea is to describe a specific software process with all the activities and informationflows it comprises. The resulting process model is represented as a set of rules that define in whichsequence under which preconditions which documents may be modified with which tools. Withthe same mechanism invariants for the usage of tools are defined [Kai93]. A process model isenacted by executing it with a process engine, which is the hub of every process-centereddevelopment environment. The process engine controls the application of all tools. Toolintegration hence is a prerequisite for practical process-centered software engineering.Process-centered software engineering is still in its infancy but receives great attention byresearchers. This is manifested by the International Software Process Workshop and InternationalConference on the Software Process series. We believe that it will take considerable researchefforts before process-centered software engineering comes into widespread use.Process-centered software engineering is a consequent evolution of conventional softwareengineering approaches. Its purpose is to optimize policy-driven cooperation without addressinginformal cooperation.Computer Supported Cooperative Work (CSCW)The goal of CSCW [Ell91, Gru94] is to assist groups in communicating, in collaborating, and incoordinating their activities. Ellis et al. propose a time and space taxonomy for CSCW tools[Ell91] as depicted in figure 1. Meeting room technology would be within the upper left cell; areal-time document editor within the lower left cell; a physical bulletin board within the upperright cell; and an electronic mail system within the lower right cell.a

aFigure 1. Time space taxonomy according to [Ell91].engineering besides e-mail and bulletin boards.large software systems.

- 5 -CSE with Beyond-Sniffboth areas should be practically applied as soon as they are available. Unfortunately, the support ofCSCW.taken first steps in this direction in developing Beyond-Sniff..3.1Informal Cooperation with Beyond-Sniffkeep it up to date and find it once it is stored.decreasing interruptions.information deficit or to a huge communication overhead which both reduce overall productivity.artifacts such as projects and files.with a graphical schema editor.Annotations are centrally stored for every project per site. A developer has either the possibilityideashown in a separate window.every newly created or modified annotation. Upon matches the developer is notified either with theannotations of projects belonging to a certain developer.

- 6 -

- 7 -specify that he wants to be automatically notified whenever an annotation is opened.control system, or the modification of a project structure.structured information, to connect it with any kind of artifact and to find them in different ways.needs.3.2Policy-Driven Cooperation with Beyond-Sniffof large software systems. Process-centered software engineering is still in it’s infancy although thefirst tools supporting it are emerging on the market.Our Approachengine later on.merged at well defined points in time.Optimistic Policy-Driven Cooperationproject consists of all artifacts which are relevant for the development of a certain software system.Projects can be structured in a tree of subprojects and they are explicitly defined.privileges can be distinguished: copy, read, and modification privileges.working projects is initially limited by the access privileges of the corresponding revision.and its creator has full modification privilege.

- 8 -into new revisions.updated after annotations are attached at an arbitrary site.If a remote developer has the privilege he can draw a working copy, the same way as in a LAN.replicated to the site of the working project.Sniff. Project descriptors have to be interpreted as follows: project name, number of working copy,development cycle can be started.

Figure 3. Policy-driven optimistic cooperation with Beyond-SniffTool Support for Policy-Driven Cooperationsystem.

- 9 -differences can be browsed.the classes are listed above them. New, changed, and deleted elements are visualized the same waycorner.

- 10 -Realization of Beyond-Sniffdata integration are discussed in this section.4.1Overview of Services and Applicationsalso shows a number of important services and tools.

Figure 5. Architecture overview.4.2Control IntegrationThere are many topics that are relevant for the quality of a control integration approach. Scalabilitytherefore independent of the number of running clients and services.the service can support a further client. Otherwise a new service is started and connected.requested functionality before negotiating a connection.broker it suffices to specify when a service can support a further client and how it is started.

- 11 -

Figure 6. Service broker hierarchy.4.3Data IntegrationThey can be represented simply and efficiently in different programming languages.service evaluates the query against its database and returns an object graph as the result.Every service defines it own data model, which can be extended by clients. This is an importantof functionality and data will result. This is clearly undesirable.methods for loading and storing the data, and to define the data model.4.4Related Workcorresponding process.

- 12 -Emeraude [Eme91] are commercially available and applied for real-world tool integration.PCTE takes a heavy-weight approach to data integration and ensures data consistency to a largeand flexibility.4.5State and Further Proceedingused for its own evolution.functionality.Conclusionscoordination is neither addressed in theory nor supported by tools in practice.Software Engineering (CSE).

Scientific Research (KWF).

- 13 -towards a future cooperative software engineering environment.References[Bis92a]Proceedings of the USENIX C++ Conference, Portland, Oregon, Aug. 1992[Bis92b]and Tools. Springer-Verlag 1992Verlag, 1994[Boo94]Publishing Company, 1994[Cag90]Software Tools; Hewlett-Packard Journal, Vol. 41, No. 3, 1990[Cat94][Dew93]Computer, January 1993[Eme91]Emeraude: Emeraude V12 User Manual; 1991[Gab90]at Work-90, Secaucus, New Jersey, 1990[Gol89]Goldberg A, Robson D: Smalltalk-80—The Language; Addison-Wesley 1989[Gra92]C++ Conference, Portland, Oregon, Aug. 1992[Gru94]Grudin J: CSCW: History and Focus; IEEE Computer, Vol. 27, No. 5, May 1994[Hir94]Communications of the ACM, Vol. 37, No. 8, August 1994[Kai87]IEEE Software, Vol. 4, No. 6, Nov. 1987[Kai93]Kaiser GE, Popovich SS, Ben-Shaul IZ: A Bi-Level Language for Software Process Modeling.in Procs. of the 15th ICSE, 1993[Mad91]Madhavji NH: The Process Cycle. in Software Engineering Journal, September 1991[Maf94]UBILAB Technical Report 94.6.1, 1994[Mal94][Ols91]Organizational Computing, Vol. 1, No. 1., 1991[Ost87]Osterweil L: Software Processes are Software too. in Procs. of the 9th ICSE, 19987[Pom93]Development. Carl Hanser Verlag, 1993[Rei90a]Reiss SP: Connection Tools Using Message Passing in the Filed Environment; IEEE Software,July 1990[Rei90b]20, S1, 1990[Sar92][Sch93]Wiley & Sons, 1993[Wak93]Wakeman L, Jowett J: PCTE—The Standard for Open Repositories. Prentice Hall, 1993