Evolving a Programming Environment Into aCooperative Software Engineering EnvironmentWalter R. Bischofberger, Kai-Uwe M�tzelChristian F. KleinferchnerUBILAB, Union Bank of SwitzerlandTakeFive Software GesmbH, AustriaBahnhofstr. 45, CH-8021 ZurichJakob-Haringer-Str. 8, A-5020 Salzburg{bischofberger, maetzel}@ubilab.ubs.chkleinferchner@takefive.co.atTeamwork is a prerequisite for the development of large complex software systems. Inconventional software engineering coordination of teamwork is achieved by exchangingformal documents and by providing support for keeping these documents consistentwhile several developers are evolving them. In order to support teamwork moreeffectively it is either possible to provide better support for the conventional softwareengineering approach or to move the focus beyond coordination towards cooperation.Each of the two follow-up projects of the Sniff project take one of these approaches.The commercial SNiFF+ project lays emphasis on the seamless integration of aprogramming environment and configuration management systems. The researchoriented Beyond-Sniff project concentrates on the search for new approaches tosupporting cooperative software engineering. 11Motivation and OverviewSoftware systems tend to have a more and more complex andcomprehensive view of the application domains they model. Thecomplexity of these systems goes hand in hand with the difficulties (theamount of efforts to be invested for their development) arising duringtheir development. This is an important reason why the implementationof even modest software systems can only be carried out effectively asan iterative and cooperative process.Communication and coordination are prerequisites to successfulcooperation. Their quality strongly affects team productivity and thequality of the resulting products. Unfortunately, the costs of satisfyingcommunication and coordination needs, quickly reach unacceptabledimensions. These costs naturally limit the size of closely cooperatingteams and therefore, also the size and complexity of projects that can becarried out cooperatively.Since we have (or want) to stretch the limits created by the negativeside effects of cooperation, we need methods and tools that explicitlyaddress communication and coordination. The provision of suitablemethods and tools and their application are the core of an emergingdiscipline that is called cooperative software engineering.The SNiFF+ and Beyond-Sniff projects are follow-up projects to theSniff project carried out at UBILAB of Union Bank of Switzerland during1991 and 1992. The result of the Sniff project was a working prototypeof a full-featured comprehensive C++ development environment with a 1Published in Procs. of CONSEG 95, New Delhi, February 1995.

- 2 -special focus on openness, scalability, and browsing of large softwaresystems [Bis92].SNiFF+2 is a commercial product which is a direct evolution of Sniff.Beyond-Sniff [Bis94b] is a research project that investigates concepts,architectures, and tools for cooperative software engineering. BothSNiFF+ and Beyond-Sniff intend to support large numbers of developersin cooperatively developing large software systems.The SNiFF+ project takes an evolutionary path by refining knownapproaches to configuration management. The Beyond-Sniff projecttakes a revolutionary approach by building an innovative platformwhich makes it possible to closely integrate large numbers of toolsapplied by large numbers of developers and by writing tools on top ofthis platform which support cooperative software engineering ininnovative ways.The aim of this paper is to explain how the SNiFF+ and Beyond-Sniffdevelopment environments support cooperative software engineering. Itstarts with a short definition of our understanding of cooperativesoftware engineering in Section 2. Sections 3 and 4 explain the aspects ofSNiFF+ and Beyond-Sniff that relate to cooperative software engineering.Section 5 presents a summary.2TerminologyThe terms "cooperative software engineering" and "computer supportedcooperative software engineering" are used in different contexts withdifferent meaning. From our point of view cooperative softwareengineering comprises all software engineering methods, norms andtools that support teamwork flexibly and effectively [Bis94b].We assume an intuitive understanding of the term cooperation.Cooperation usually implies shared goals among different actors [Mal94].Coordination is managing dependencies between activities. Coordinationis an important part of cooperation.We identify two forms of cooperation, policy-driven and informalcooperation. Policy-driven cooperation is done by exchange and correcthandling of well-structured documents and concurrency controlregarding the access to artifacts. Informal cooperation is characterizedby the unrestricted exchange of structured or unstructured information.Configuration management as defined by conventional softwareengineering is a subset of policy-driven cooperation. Examples forinformal cooperation are the provision of textually annotated artifacts,e-mail messages, or the extraction of information from source code. 2SNiFF+ runs on most Unix platforms and is free for universities. It can be downloaded by ftp fromftp.eunet.co.at (/pub/vendor/takefive) or from self.stanford.edu (/pub/sniff).

- 3 -3Cooperative Software Engineering with SNiFF+One of the incentives for the evolution of SNiFF+ was to provide supportfor the cooperative development of large software systems. Theintegration of proven version control and configuration managementtechnology was therefore a logical step. No efforts have been taken toprovide specific support for informal cooperation yet.This section discusses how SNiFF+’s configuration management systemsupports policy-driven cooperation and which aspects of SNiFF+ easeinformal cooperation.3.1Policy-Driven Cooperation with SNiFF+Software configuration management is beneficial for any large softwaresystem that, due to its complexity, cannot be made perfect for all theuses to which it will be put. Such a system will be subject to numerousand sometimes conflicting changes during its lifetime, giving rise not to asingle system, but to a set of related systems, called a �system family�. Asystem family consists of a number of components that can beconfigured to form individual family members. A substantial number ofthe components must be shared among members to make the familyeconomically viable. Maintaining order in large and expanding systemfamilies is the goal of configuration management. [Tic88]Effective software configuration management coordinatesprogrammers working in teams. It improves productivity by reducing oreliminating some of the confusion caused by interaction among teammembers. [Tic88]Coordination of concurrent development is therefore one of the majortask of configuration management. Pessimistic and optimistic approachesto coordination are distinguished today [Sch93].Pessimistic coordination means that all developers work on the sameartifacts. The concurrent editing of the same files is prevented bylocking. The advantage of pessimistic coordination is that consistency ofthe system is guaranteed and contradictory concurrent changes areprevented. Pessimistic coordination is the most widely used form for aclosely cooperating team. However, there are cases when the overheadfor pessimistic coordination is too expensive because it needssynchronous work of the developers and therefore a continuousdialogue. Pessimistic coordination excludes:¥modification of the same artifact (file) at the same time¥cooperation over a long distance which makes closely coordinatedwork impossible¥development steps that take more than a day before a consistentstate is reached (e.g., a large architectural reorganisation)In these cases optimistic coordination has to be used. During optimisticcoordination each developer works on his personal copy of the sourcecode. From time to time, the copies can be merged into a new sharedversion. Conflicts between changes have to be resolved during the merge

- 4 -process. The advantage of optimistic coordination is that developers canbe decoupled almost completely for some time. The price for decouplingis the need for merging and bigger integration steps. In the mergingphase, communication that has been postponed takes place in a moreconcentrated manner.Pessimistic Coordination with SNiFF+SNiFF+ supports locking-based pessimistic coordination by seamlesslyintegrating different version control systems (VCSs) with an adapterarchitecture. SNiFF+’s project editor is a user interface to the commonfunctionality that the underlying VCSs offer.The project editor, depicted in Figure 1, lets the user select sets of filesand check them in or out. Furthermore, the user obtains informationabout the purpose and modification history of a file, and its actuallocking state. Differences between versions of a file can be browsed withthe DiffMerge tool. aa n c 4 1 3 6 0 5 7 9 4 7 8 6 r c

GTS was developed in a cooperation between University of Zurich, UBS/UBILAB, and S iemens Munich.

The project was sponsored by the Swiss Federal Commission for the Advancement of Scientific Research

Bischofberger WR: Sniff - A Pragmatic Approach to a C++ Programming Environment. in

Bischofberger WR, Kofler T, Sch�ffer B: Object-Oriented Programming Environments:

Requirements and Approaches. in Software — Concepts and Tools , Vol. 15 No. 2, Springer-

Bischofberger WR, Kofler T, M�tzel K-U, Sch�ffer B: Computer Supported Cooperative Software

Dewan P, Riedl J: Toward Computer Supported Concurrent Software Engineering. IEEE

Gabriel R. P. et al.: Foundation for a C++ Programming Environment. In Proceedings of C++ at

Grass JE: Cdiff: a Syntax Directed Differencer for C++ Programs. in Procs. of the USENIX C++

Kaiser GE, Popovich SS, Ben-Shaul IZ: A Bi-Level Language for Software Process Modeling. in

Maffeis S, Bischofberger WR, Maetzel KU: GTS: A Generic Multicast Transport Service.

MaloneTW, Crowston K: The Interdisciplinary Study of Coordination. in ACM Computing

The Network Software Environment. Sun Technical Report, Part No. 800-3295-10, Sun

Reiss SP: Interacting with the FIELD environment. Software — Practice and Experience, Vol. 20,

Rochkind M: The Source Code Control System (SCCS). IEEE Transactions on Software

Schefst�m D., van den Broek G.: Tool Integration—Environments and Frameworks; John Wiley &

Tichy W: RCS — A System for Version Control . Software — Practice and Experience, Vol. 15,

Tichy W: Tools for Configuration Management. Proceedings of the International Workshop on