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.chAbstractTeamwork is a prerequisite for the development oflarge complex software systems. In conventional softwareengineering coordination of teamwork is achieved byexchanging formal documents and by providing supportfor keeping these documents consistent even whileseveral developers are evolving them.In order to support teamwork more effectively it isimportant to move the focus beyond coordination towardscooperation. The goal of the Beyond-Sniff project is toprovide cooperation support in three ways. First, byproviding a terminological and conceptional foundationfor the field of cooperative software engineering. Second,by developing tools for computer supported cooperativesoftware engineering. Third, by developing a platform forcontrol and data integration, a technical prerequisite forcomputer supported cooperative software engineering.11Motivation and OverviewSoftware systems tend to have a more and morecomplex and comprehensive view on the applicationdomains they model. The complexity of these systemsgoes hand in hand with the difficulties (the amount ofefforts to be invested for their development) arisingduring their development. This is an important reasonwhy the implementation of even modest softwaresystems can only be carried out effectively as aniterative and cooperative process.Communication and coordination are prerequisitesto successful cooperation. Their quality strongly affectsteam productivity and the resulting products.Unfortunately, the costs of satisfying communicationand coordination needs quickly reach unacceptabledimensions. These costs naturally limit the size ofclosely cooperating teams and therefore, also the sizeand complexity of projects that can be carried outcooperatively.Since we have (or want) to stretch the limitscreated by the negative side effects of cooperation, weneed methods and tools that explicitly addresscommunication and coordination. The provision ofsuitable methods and tools and their application are thecore of an emerging discipline that is called cooperativesoftware engineering. A sensible and promising approachto cooperative software engineering is the enrichment ofconventional software engineering by concepts found in

1Published in Procs. of the 7th Conference on Software EngineeringEnvironments, Noorwijkerhout, Netherlands, 5-7 April 1995.the field of computer supported cooperative work(CSCW).1.1Motivation for the Beyond-Sniff ProjectBased on our experience in developing large object-oriented software systems we began in 1991 to developSniff, an innovative C++ programming environment [1]2.We drew the motivation for this project from the factsthat the characteristics of object-oriented softwaredevelopment strongly increases the requirements fordevelopment environments [3] and that, at that time, ourpersonal needs were not fulfilled by any availableenvironment.Sniff proved to be very useful for browsing, editingand executing large object-oriented software systems.The longer we use it in our team, the more it becomesclear that its conventional way of supporting cooperationwith a configuration management system is far fromoptimal. Configuration management helps to organizethe development process of large projects but itaddresses only few problems of cooperation. Forinstance, it ignores the exchange of arbitrary informationrelated to projects. In other words: there are no facilitiesfor computer supported know-how transfer or fine grainedharmonizing of activities.A useful cooperative development environmentshould provide such support. Therefore it has to comprisefacilities for flexible communication between coworkersand for attaching arbitrary information to all kinds ofproject artifacts. Typical information to be exchanged orattached are rationales for structure and evolution ofsubsystem interfaces as well as myriads of detaileddesign decisions.Neither current software engineering nordevelopment environments and their underlyingarchitectures are suited to provide comprehensivecooperation support. This insight provided us with themotivation to start the Beyond-Sniff project.The goals of the Beyond-Sniff project are todevelop a conceptual framework for cooperativesoftware engineering, and to build the developmentenvironment needed for its enactment. This environmentrequires a platform that allows to integrate a set ofexisting and new tools into a cooperative softwaredevelopment environment.

2Sniff was commercialized under the name of SNiFF+ at the end of1992. The product version is free for universities and can bedownloaded by ftp from eunet.co.at (/pub/vendor/takefive) or fromself.stanford.edu (/pub/sniff).

- 2 -1.2ContentsSection 2 outlines two forms of cooperation weidentified and defines the term Cooperative SoftwareEngineering (CSE). Based on these definitions itinvestigates currently employed approaches tocooperative software engineering. Section 3 describesthe Beyond-Sniff approach to support CSE. Section 4provides some background on the realization of Beyond-Sniff and outlines the relationship between our approachand related work. Section 5 draws conclusions.2Cooperative Software EngineeringThe terms "cooperative software engineering" and"computer supported cooperative software engineering"are used in different contexts with different meaning.There is no generally accepted definition for them. Forthis reason this section defines the term CooperativeSoftware Engineering (CSE) and discusses state-of-the-art approaches to support it.2.1Forms of CooperationWe assume an intuitive understanding of the termcooperation. Cooperation usually implies shared goalsamong different actors [17]. Coordination is managingdependencies between activities. Coordination is animportant part of cooperation.We identify two forms of cooperation, policy-drivenand informal cooperation. Policy-driven cooperation isdone by exchange and correct handling of well-structured documents and concurrency control regardingthe access to artifacts. Informal cooperation ischaracterized by the unrestricted exchange of structuredor unstructured information.Policy-driven cooperation comprises allcoordination activities specifically organized for asoftware development process.¥It is regimented by a formal agreement about how aproject has to be carried out. For small projects suchan agreement can be relatively simple. For largeprojects or families of projects it is usually describedin a project management handbook.¥The cooperation model defined in the agreement isimplemented by a well-defined exchange of well-structured documents.¥It is supported by tools for controlling the evolutionand management of these documents, such asconfiguration management tools, process engines,and work flow applications.Informal cooperation comprises all coordinationactivities that were not formally planned.¥It is inherently not regimented.¥It is implemented by spontaneous, flexible,pragmatic exchange of information between projectmembers.¥It is supported by everything that easescommunication. Besides nearness in time and spacethese are mechanisms and devices such as e-mail,video conferencing, textual annotations of artifacts,and tools for extracting information from source code.No matter how a software process is organized andregimented it always comprises policy driven andinformal cooperation activities. The challenge of projectmanagement is to work toward an optimal relationbetween them, depending on the specific characteristicsof a project.2.2The Nature of Cooperative SoftwareEngineeringBased on the term software engineering, as definedby Pomberger [20] and on the terms introduced abovewe can define Cooperative Software Engineering (CSE)as follows:Cooperative software engineering comprises allsoftware engineering methods, norms and tools thatsupport teamwork flexibly and effectively.Cooperative software engineering is therefore asubset of classical software engineering. Tools supportCSE if they fulfill the following requirements: Theyprovide mechanisms for policy-driven and informalcooperation as well as for access control, and themechanisms are completely integrated into the tools.The following examples illustrate this definition. Asyntax driven editor supporting distributed simultaneousediting is no CSE tool because it does not supportpolicy-driven cooperation. A documentation toolcomprising browsers for information acquisition,supporting simultaneous editing and exchange ofdocuments between team members (if the privilegespermit it), is a CSE tool.2.3Approaches Related to Cooperative SoftwareEngineeringThere is a variety of approaches supportingcooperative work in general or cooperative softwareengineering in particular. This subsection discusses howconventional software engineering, process-centeredsoftware engineering, and CSCW address cooperation,and why neither approach fully meets the definition ofCSE.Conventional Software Engineering. For conventionalsoftware engineering coordination of concurrentdevelopment is one of the major task of configurationmanagement. Pessimistic and optimistic approaches tocoordination are distinguished today [24].Pessimistic coordination means that all developerswork on the same artifacts. The concurrent editing of thesame files is prevented by locking. In practice, thisapproach fails as soon as the number of coworkersexceeds a project-dependent but very low boundary.During optimistic coordination each developerworks on his personal copy of the source code. Fromtime to time, the copies can be merged into a newshared version. Conflicts between changes have to beresolved during the merge process. The advantage of

- 3 -optimistic coordination is that it makes it possible todecouple developers almost completely for some time.The price for decoupling is the need for merging. At themerging phase, part of the communication that has beenpostponed now takes place in a more concentratedmanner. Decoupling pays off because the cost ofpostponing and merging are usually much smaller thanthe benefit obtained.Pessimistic and optimistic coordination aresupported by configuration management tools. Both areforms of policy-driven cooperation. Informal cooperationis not addressed—on purpose—by conventional softwareengineering, which is a consequence of the basicassumption that software development can be carriedout top-down as a tailoristic, rigidly sequential process.Although this basic assumption is today generallyconsidered wrong (e.g., [2, 4]), informal cooperation isstill not addressed by software engineering.Process-Centered Software Engineering. Process-centered software engineering tries to establish acomprehensive theoretical basis for understanding,describing, and enacting specific software processes [15,19].The basic idea is to describe a specific softwareprocess with all the activities and information flows itcomprises. The resulting process model is represented asa set of rules that define in which sequence under whichpreconditions which documents may be modified withwhich tools. With the same mechanism invariants forthe usage of tools are defined [14]. A process model isenacted by executing it with a process engine, which isthe hub of every process-centered developmentenvironment. The process engine controls theapplication of all tools. Tool integration hence is aprerequisite for practical process-centered softwareengineering.Process-centered software engineering is still in itsinfancy but receives great attention by researchers. Thisis manifested by the International Software ProcessWorkshop and International Conference on the SoftwareProcess series. We believe that it will take considerableresearch efforts before process-centered softwareengineering comes into widespread use.Process-centered software engineering is aconsequent evolution of conventional softwareengineering approaches. Its purpose is to optimizepolicy-driven cooperation without addressing informalcooperation.Computer Supported Cooperative Work (CSCW).The goal of CSCW [26, 12] is to assist groups incommunicating, in collaborating, and in coordinatingtheir activities. Ellis et al. propose a time and spacetaxonomy for CSCW tools [26] as depicted in figure 1.Meeting room technology would be within the upper leftcell; a real-time document editor within the lower leftcell; a bulletin board within the upper right cell; and anelectronic mail system within the lower right cell.Tools located in any cell of this taxonomy can beuseful for CSE. This is true for all general purposeCSCW tools, although they do not fulfill our definitionof CSE. Due to the relative immaturity of the field ofCSCW there are not many systems in actual use forsoftware engineering besides e-mail and bulletin boards.There are also a few tools that were specificallydeveloped for CSE. They mostly provide support insynchronous editing and debugging (e.g., [7, 13]). Wewould like to have this kind of tools available in dailywork (as well as many general purpose CSCW tools)but we do not think that they address the most importantproblems developers face today in cooperativelydeveloping large software systems.a

a3.1

ideato-do

connection.

4.3Data Integrationmodel.4.4Related Workintegration.

4.5mechanism.3functionality.Conclusions(CSE).References

Company,1994Standard:19931011121314151617of181920Development.2122environment.23242526