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Introduction. 


The difficulty of meeting a burgeoning demand for ever more complex products lead the software industry to be confronted by the widely reported software crisis. As a result, for some considerable time, efforts have been expended in meeting the challenges posed by this crisis. A number of notable developments have resulted. These include the advent of software engineering itself (e.g. Lehman 1991), structured methods (e.g. Yourdon 1989) and process maturity (Paulk et al. 1993).


Amongst these many initiatives, little attention has been given to organizational factors, to considering how software development teams are organized has a bearing upon their efficacy. Thus, the question we address in this paper is: ÒHow should software development be optimally organized?Ó. We argue that organizational issues can have an impact upon the effectiveness of software development teams and thence upon software quality. This paper describes two case studies of the use of the Viable System Model (VSM) (e.g. Beer 1979) to study the organization of software development. 


Theoretical Perspectives upon the Organization of Software Development.


Our search for a theoretical basis for the organization of software development begins with general software engineering literature. It is widely acknowledged that to be effective the discipline must embrace an eclectic body of concerns. For example, Sommerville (1992) has argued that software engineers Ò...must be professionals who use theory from other disciplines and apply this cost-effectively to solve difficult problems.Ó To this end, his account of software engineering embraces some aspects of human factors and management. Boehm (1981) is well known for his concern that the practise of programming be married with an economic perspective. Organizational factors are given some attention by Bott et al. (1991) who discuss how an organizational structure might be decentralised or centralised, whether it should be based around product structures and what the implications of geographic dispersion might be. However, such accounts are based solely upon practical observations. There is no underlying theoretical rigour. Neither is a theoretical foundation provided by the more specific software process (SP) research. Kawalek and Wastell (1996) have criticised aspects of this research for its reliance upon personal conviction and untested assertion, e.g. Òa disciplined, uniform approach to the development of high quality processes... is needed.Ó (Osterweil 1991). 


.


Motivated by these shortcomings, we have sought to apply cybernetic theory to software development. We are undertaking a programme of case studies which seeks to use the VSM as a diagnostic of organizational issues in software development. 


A Case Study of Daffodil Systems.


An earlier paper (Kawalek and Wastell 1996) reported how the VSM helped us to see how organizational changes to a small software development team (sixteen programmers) had profound implications for the daily operations of programmers and their team leaders. The case concerns a software development department known as ÔDaffodil SystemsÕ (DS)�. DS were part of a large chemical company and had traditionally been the sole-providers of software products for one of the companyÕs plants. As part of an efficiency review the parent company decided that this sole-provider status would be revoked. Project managers would no longer be constrained to purchase software from DS, despite their reputation for high quality. Instead they would be able to place contracts externally with other suppliers who would compete with DS. 


A VSM analysis of DS identified that their ability to produce high quality software products depended critically upon them being able to dictate completion time scales to project managers. When project managers gained the authority to purchase software externally DS would lose this control over completion time scales. They would be forced to shorten time scales in order to win sufficient business in an open market. This would have particularly deleterious consequences for manpower resource sharing (System 2) procedures within DS. These were informal and depended upon team leaders being able to delay completion dates so that staffing levels could be optimised over different projects. Team leaders were able to borrow staff from other projects on the understanding that, at other times, they would return the favour. This they would do by lengthening the expected duration of other projects under their remit so as to allow them to delegate resource to another project. Although DS anticipated that their manpower resource arrangements would survive the changes to the organization, our VSM study revealed how losing the ability to delay completion dates would undermine the effectiveness of this System 2 arrangement. They would be unable to dictate time scales to project managers with the effect that team leaders would have to work to shorter time scales and with fewer staff. Ultimately, this might lead to compromise of operational processes (e.g. fewer peer reviews, less thorough testing) and have damaging consequences for product quality and reputation. 


An important point in the Daffodil example is that the team practised good software engineering. They utilised structured methods and had an effective process. Their reputation for high quality was an example of how this had borne fruit. However, critically, the threat to the team came not from failings within the operational process itself but from the broader organizational concerns. An earlier process diagnostic  commended the team (Kawalek and Wastell 1996) whilst the VSM diagnostic identified the dangers they were facing and, inter alia, could assist them in planning to meet the new challenge. 


A Case Study of Violet Computing. 


The second case study considers Violet Computing (VC), a large operating systems development team of over fifty staff. VC have achieved a reputation for high quality, their product is well known and highly regarded in its market sector. Their efforts to engender a culture of quality amongst staff had gained recognition through a number of prestigious quality awards. However, the organization of VC had been rationalised and revised over a number of years and at the time of the study a further set of initiatives was proposed. These changes were contentious and provoked some opposition from within VC. The study sought to identify whether the changes were likely to have any implications for the ability of the organization to continue to successfully develop software. 


The review that VC undertook of their organizational structure was motivated by their wish to improve customer responsiveness and to control the number of product enhancements. This latter concern was especially acute. Despite the maturity of the product, even the best understood and most proven product functions continued to undergo a greater number of enhancements than had been anticipated. This was felt to endanger product quality and cost. Using the VSM we were quickly able to identify the reason why this was the case. The System One operational system is made up of a number of semi-autonomous Ôfunction teams,Õ each of which is responsible for developing a defined part of the product. The teams had the power to propose enhancements to their part of the product in order to ensure that it was able to satisfy renewed technical and market expectations. It became obvious that these teams were exploiting this power to propose enhancements in order to generate work for themselves. In other words, even where there was insufficient technical or market justification, the function teams still argued that their part of the product should be enhanced. This is an example of Òpathological autopoiesisÓ (Beer, 1979; p.412). It was in the interests of the function teams to behave in this way so that they were able to secure resource from management and, ultimately, to ensure that their team continued to exist.


In order to address this problem, VC decided to reduce the power of the function teams by putting greater emphasis on a project structure of organization. This meant that in future, resource would be allocated only in response to customer requirements which were grouped and organised into defined work packages (i.e. projects). Although the function teams would continue to exist and would have sole responsibility for the technical standards within their remit, they had lost their power to argue for product enhancements on technical criteria alone. 


These changes were part of the programme of organizational change that was under way as our VSM study was carried out. Although many parts of the programme were contentious, the VSM diagnostic helped to reveal their rational basis and we were generally supportive of them. However, we were concerned about the change to a project structure of organization. The rational analysis facilitated by the VSM revealed the precarious nature of this new arrangement. The ownership of technical issues was entrusted to the function teams. However none of these had a holistic view across different parts of the product and all were prohibited from proposing enhancements on technical criteria alone. Clearly then, the market would become the sole source of technical enhancements and yet, if ever these enhancements were wide-ranging, there was no mechanism to provide holistic management of them. Product quality would be endangered by this. At the same time VC would have no mechanisms for promoting enhancements on technical criteria or in anticipation of market benefit. Thus, technical management would be fragmented and reactive.


Clearly, VC needed to devise a way of ensuring that the function teams had sufficient authority whilst preventing them becoming too powerful and promoting enhancements to their part of the product at the expense of the technical integrity of the product as a whole. We were able to highlight that the crux of the problem lay in the way the resource bargain was negotiated between Systems One and Three. We argued for a hybrid approach through which resource should be distributed to the function teams either on the basis of customer requirements (the project stream) or technical issues (the technical stream). The balance between these streams should be determined by System Three acting in concert with the demands of Systems Four and Five. We further recommended that this two stream approach should be facilitated by a resource pool (a recent VC innovation) acting in a System Two capacity to attach staff to function teams as needs arose. Through this, each function team could be reduced to notional status when there was no work to be done in that area. At other times, when enhancements were needed, the function team could be reactivated and staff placed within it. This design was felt to address the need for management of technical strategy whilst avoiding the pitfall of Òpathological autopoiesis.Ó Our proposals were arrived at through the use of the diagnostic capability of the VSM and were facilitated by the use of cybernetic terminology to clearly identify issues of concern. The proposals have gained support amongst senior managers in VC and a further review of the organizational structure is now planned. 


Conclusions. 


Reviewing the causes of the software crisis, Lehman (1991) reported that ÒThe demand for software has outpaced the availability of adequate science and technology to produce it.Ó It seems widely accepted by the software engineering community that its concerns should be varied, that in response to a multiplicity of problems it should learn from many different disciplines. Our belief is that one of the problems that software engineering faces is organization and that through cybernetics it is possible to develop a rigorous, scientific response.


Our experience of using the VSM in case studies gives much encouragement. Both Daffodil Systems and Violet Computing had succeeded as software developers. However, using the VSM we were able to identify issues which could have detrimental consequences for their product quality and which could threaten their viability. Our intention is to continue and extend our use of VSM in software development through further short and longitudinal case studies.
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