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Abstract 

The business world of today is characterized by very rapidly changing business conditions 
that require rapid responses. The responses are to be results of decision making, supported by 
carefully designed management software systems. This paper is a position statement that 
discusses various factors to be considered in the definition of a software process for develop
ing such systems. Since the rapid change will extend to management software, the software 
process is to allow rapid configuration of new systems from existing components, and rapid 
reconfiguration of existing systems. Because the boundary between decision support systems 
and other classes of business-oriented software is becoming increasingly blurred, we use the 
term management software systems in preference to decision support systems. 
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1 INTRODUCTION 

Kroenke (1992) classifies business software systems into systems for transaction processing, 
management information, decision support, office automation, and executive support. In full 
agreement with Alter (1993), who observes that the separation between the DSS, EIS (Execu
tive Information System), and ES (Expert System) worlds is largely artificial, we contend that 
the distinction between the different types of systems listed by Kroenke has become very 
blurred, and is in fact disappearing. For example, an order fulfillment system could, in addi
tion to the processing of regular orders, generate periodic summaries for management, use the 
summaries to assist in decisions of when to increase inventory by initiating manufacturing 
runs, replace explicit orders as the basis for initiating shipments by automatic monitoring of 
client inventories, and produce surveys of long-term trends for top management. 

Another trend that has to be considered is the very rapid change that characterizes the 
business environment of today. Daniel Bell's The Coming of the Post-Industrial Society 
(Bell, 1973) was published as early as 1973. Ten years later George Huber described what a 
postindustrial organization would look like (Huber, 1984). His basic premise is that postin
dustrial society will be characterized by accelerating increase in knowledge, complexity, and 
turbulence, and that postindustrial organizations will therefore have to be qualitatively dif
ferent from the organizations of the industrial age. The qualitative differences are to be most 
noticeable in decision making, innovation, and the acquisition and distribution of information. 
Huber and McDaniel (1986) describe several organizational paradigms, and find that a 
decision-making paradigm is the most effective for the operation of organizations in the 
world of today. The main characteristic of this paradigm is the explicit provision of struc
tures and processes that facilitate the making of decisions in the operation of an organization. 

The rapid change phenomenon has given rise to the business reengineering (BRE) move
ment (Davenport, 1993; Hammer and Champy, 1993; Johansson et ai, 1993). One aspect of 
BRE is the recognition of business processes as the defining features of an enterprise. We 
have discussed this in detail elsewhere (Berztiss, 1995). Another is the need for cooperation 
within an enterprise and between enterprises at the level of processes. Our order fulfillment 
system is an example of internal cooperation; a well-known example of inter-company 
cooperation is the automatic updating by Procter and Gamble of the inventory of its products 
in Wal-Mart stores (Hammer and Champy, 1993, pp. 60-62). 

To summarize, businesses have to cope with rapidly changing business environments. 
This requires that they assume a decision-making structure, and that decision-making be built 
into the software systems of an enterprise. These software systems are to support business 
processes, and a major aspect of their design is to be cooperation, both intra- and inter
enterprise cooperation. These characteristics have to be taken into account in the design of 
the development process for decision support software, or, what is a more appropriate term, 
management software systems. In Section 2 we explore two classes of software development 
models. Section 3 deals in greater detail with the demands on management software systems, 
and in Section 4 we consider the software process from the BRE viewpoint. In Section 5 we 
introduce our software process model. Finally, Section 6 contains some conclusions and 
recommendations, which have been influenced by our practical experience with patterns. 
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2 MODELS OF THE SOFIW ARE DEVELOPMENT PROCESS 

Software process models fall into two major classes. One relates to the capabilities of the 
organization that develops the software. The other defines the steps that are to be followed in 
software development, and considers the representations that are to express such a definition 
of the software process. Let us call the models feature-oriented or managerial, and structure
oriented or technical, respectively. 

The most comprehensive managerial model is the Capability Maturity Model (CMM), 
developed at the Software Engineering Institute (SEI) of Carnegie-Mellon University (Hum
phrey, 1989; Paulk et ai, 1993). The CMM puts software developing organizations at five 
levels, and an organization moves to higher levels by showing that it has mastered all the 
"key process areas" that define the higher level. Another exarnple is ISO 9001, which is a 
general quality standard (Paulk, 1995). It identifies minimal requirements for quality control 
in an organization in the form of 20 clauses. It is related specifically to software by ISO 
9000-3. The Bootstrap model (Kuvaja et ai, 1994) attempts to combine the SEI and ISO 
approaches. The CMM is very detailed on how an organization can improve its software 
development practices, but it is rather rigid, and its use is mainly confined to North America; 
ISO 9001 is not concerned with detailed steps to improvement. Bootstrap introduces CMM 
to Europe, but in a flexible form. 

A technical model defines steps in the software development process, and recommends an 
ordering of the steps. Popular technical models have been the waterfall (Royce, 1970) and 
the spiral (Boehm, 1988) models. The waterfall model assumes a strict ordering of a 
sequence of steps. The steps could be requirements elicitation, specification, system design, 
detailed design, coding, testing, and maintenance. However, it has been shown that that these 
steps must inevitably be intertwined (Swartout and Balzer, 1982). The spiral model allows 
developers to define their own process steps, and the steps can be revisited over and over 
again. It can therefore serve as a very general framework for the software process. A generic 
model, such as the spiral model, has to be transformed into an application-specific software 
process. Thirteen notations in which the process can be described have been surveyed by 
Armenise et al (1993). For a detailed description of one of these notations, FUNS OFT, see 
Deiters and Gruhn (1994). 

We have investigated concurrency in a software process model (Berztiss, 1993), and have 
developed a software process model (Berztiss and Bubenko, 1995) based on the enterprise 
model introduced by Bubenko et al (1994). The model to be discussed in Section 5 
represents an extension of this work. Our model is somewhere between a pure managerial 
and a pure technical model. 

3 MANAGEMENT SOFIW ARE SYSTEMS FOR TODAY AND TOMOR
ROW 

In (Berztiss, 1995) we adapted some guidelines of Huber and McDaniel (1986) that are to 
facilitate the introduction of a decision-making paradigm into organizations. Here we shall 
extend and broaden the guidelines, and discuss the significance of the guidelines for the 
software process, and for the software systems developed by the process. 
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Decision-making authority is assigned to appropriate levels in an organizational hierar
chy. A three-way partition identifies decisions relating to strategy, operational tactics needed 
to implement a strategy, and day-to-day operation of an organization. Strategic decisions 
cannot be generated automatically, but the decision-making process is to be supported by 
software, which we interpret to cover both programs and information bases. Tactical decision 
making can be partially automated, and the decisions that arise in day-to-day operation can be 
automated for the most part. 

Decision makers must have the specialized knowledge appropriate to their level of deci
sion making. This requires not only specialized skills to interpret information, but user
friendly access to all required information, and to software tools that are to support interpreta
tion of the information and the actual decision making. 

Situations are identified as standard and nonstandard. This refers to situations that arise 
in day-to-day operation of an organization. Decision making with respect to standard situa
tions can be standardized and automated. Nonstandard situations require initiative and flexi
bility. This implies that management software systems must be constantly monitored by peo
ple, and that a switch to manual control of a situation can be effected seemlessly. In particu
lar, messages flowing through an organization relate to standard and nonstandard situations. 
Response to "standard" messages is to be automated; "nonstandard" messages are to be 
rapidly chanelled to appropriate decision making personnel. A nonstandard message may 
affect strategy. 

Decision making is managed. Under the decision-making paradigm the making of deci
sions is the central activity in an organization, and it cannot be left to chance. What this 
means is that all business processes are to be explicitly defined, and all routine decision mak
ing is to be supported by appropriate management software systems. Moreover, an organiza
tion should be able to switch into an exceptional mode of operation when truly exceptional 
situations arise, and this without throwing anybody into panic. 

Processes are "owned". Business reengineering puts much emphasis on business 
processes, and it has been recommended that a process and the data that give primary support 
to the process should both be "owned" by the same manager - see, e.g., (Davenport, 1993, 
p.88). This implies that our current views on data bases, and a preference for their centralized 
management have to be reconsidered. Moreover, a process can then be regarded as being 
supported by an autonomous management software system that cooperates with software sys
tems that support other business processes, all having the common aim of advancing the 
objectives of an enterprise. 

Cooperation is emphasized, both within an organization and between organizations. This 
was briefly touched upon in Section 1. Cooperation within an organization relates to all three 
kinds of decision making, and is to be supported by appropriate tools that facilitate group 
decision making. Cooperation between organizations has related for the most part to day-to
day operation, but we can expect that in the future more attention will be given to software
supported strategy formulation in the setting up of alliances of companies and their suppliers 
- for a general discussion see (Lewis, 1995). Cooperation by means of software systems 
requires that they be properly coordinated - Malone and Crowston (1994) survey various 
aspects of coordination. 

Intelligent agents are in use. When decision making by software reaches an advanced 
level, e.g., when a software system controls the investment portfolio of an enterprise, it 
becomes appropriate to talk of intelligent agents. However, there is wide disagreement on 
when exactly a piece of software becomes an agent - apart from the inclusion of a learning 
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component in an agent, there is little to distinguish agents from expert systems. Although 
practical successes have been few as yet (Greif, 1994), learning components in management 
software systems are to be given greater attention. Agents can assume particular significance 
in the context of cooperative management software systems, where they are to cooperate, and 
are to facilitate cooperation. 

D011lJJin knowledge becomes part of software. We consider the incorporation of domain 
knowledge into management software systems as perhaps the most important of the trends 
considered in this section. Our interest is in domain knowledge, domain models, and domain 
analysis. Domain knowledge is the entire corpus of data, rules, and processes that character
izes a discipline. Some of it is codified in standards and handbooks, but most of it is distri
buted in the collective memory of practitioners of the discipline. A domain model is an 
abstraction that consists of only those parts of the domain knowledge that are relevant to a 
particular application. The purpose of domain analysis is to develop domain models. We 
classify domain models into occupation models, enterprise models, process models, and situa
tion models. An occupation model captures the knowledge that relates to the practices fol
lowed by members of an occupation as an explicit structure. For the most part this is 
expressed in the form of business rules. An enterprise model provides insight into the objec
tives of an enterprise, i.e., the goals that a management software system is to assist in achiev
ing. It also shows the management structure of the enterprise. The ownership of processes 
and their data ultimately depends on this structure. Process models are easiest to define: they 
capture the essence of business processes. A situation model relates to a specific context. An 
interesting aspect of situation analysis relates to exceptions. For example, overbooking can 
be incorporated into some reservation systems, with the degree of overbooking for a given 
setting determined from domain knowledge, which is to include a consideration of enterprise 
objectives. An exception arises when, due to overbooking, actual demand exceeds availabil
ity by an unexpectedly large margin. 

4 REENGINEERING AND THE SOFIW ARE PROCESS 

In (Berztiss, 1995) we define BRE in terms of sixteen steps. We shall now use these reen
gineering steps as a framework for the definition of software development processes, and 
relate the reengineering steps to a process defined within the framework, and to the software 
systems to be developed under this process. 

1. Management commitment. There has to be full management support for the introduc
tion of a process-oriented approach to software development. In addition, management has to 
insist that each software project is well planned, subjected to a thorough cost-benefit study, 
and is smoothly integrated into the organizational structure. This necessitates some under
standing of the software process by top management 

2. Manager selection. Most organizations now have a CIO (Chief Information Officer), 
and this executive officer must see to it that top management understands the ultimate benefits 
to be derived from an improved software process, i.e., a decision-making process that requires 
project planning and cost-benefit analysis. An operational manager is to supervise an initial 
overhaul of the operation of the IS (Information Systems) department, to bring it in line with 
modern practices as defined by the managerial process models of Section 2, and the introduc
tion of incremental improvements after the initial overhaul. 
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3. Reengineering teams. The overhaul of infonnation systems development is a typical 
BRE task, to be tackled exactly like any other BRE task. In particular, basing the software 
development process on the use of self-managing development teams is to be encouraged. 

4. Initial education. The IS personnel must have full understanding of the software pro
cess, both under the feature- and the structure-oriented fonns. This is essential for obtaining 
personnel support for the process. One task of education is to make clear that no spectacular 
improvement can be expected in the short term, but that long-term improvement will be 
achieved if software development follows a well-defined process. 

5. Process identification. We have to distinguish between the software development pro
cess, and software systems that this process is to produce. In this step a generic software pro
cess is to be defined under consideration of both features and structure. 

6. Process specification. This step relates to software systems, but an essential property of 
a software system is that it defines a process. There has to exist a precise requirements docu
ment for each software system. Preferably this should be a formal specification document. 

7. Development of alternative implementation plans for each process. Although under 
Steps 5 and 6 we referred to software systems, our real concern is with total systems in which 
tasks are allocated to hardware, software, and people. At this stage different allocation 
schemes can be proposed, and an implementation plan developed for each scheme. Note that 
the software process itself can be implemented in various ways, and the various alternatives 
should be defined as part of this step. 

8. Cost-benefit study for each plan and selection of an appropriate plan. Each of the 
schemes of Step 7 is now subjected to cost-benefit analysis. Moreover, the software com
ponents of these plans do not have to be implemented under the same software process, i.e., 
different specific processes can be derived from the generic process of Step 5, as noted under 
Step 7. Each relevant combination of software system and software process is to be con
sidered in the cost-benefit analysis. 

9. Infrastructure definition based on the selected plan. This relates primarily to the 
software process, and the infrastructure consists of CASE (Computer Assisted Software 
Engineering) tools, and groupware that is to allow IS personnel to work in collaboration. 
This in turn requires that there be adequate network facilities to support the groupware. The 
infrastructure requirements do not depend on individual software projects - they will be 
determined by the mix of the software systems that an organization develops. 

10. Setting of priorities for implementation of processes and infrastructure. Here we have 
to consider two aspects. As explained above, software process and infrastructure are related, 
and the priorities in infrastructure upgrading will be detennined by a cost-benefit analysis that 
will again depend on the product mix. Further, no organization possesses the resources to 
implement all the software systems it can use, so a cost-benefit analysis is to define a priority 
schedule. However, it has to be realized that cost-benefit analysis in this context is still very 
subjective, and will remain so until we have improved our understanding of the benefits that 
are to be derived from specific software systems. 

11. Second education phase. This is an on-going effort, relating both to the software pro
cess and to the software systems. As our understanding of the effectiveness of different 
aspects of the software process grows, this understanding has to be conveyed to IS personnel. 
As regards software systems, one of the major problems is inadequate understanding of appli
cation domains (Curtis et ai, 1988). There have to be institutionalized procedures for making 
the relevant IS personnel familiar with the domains for which they are developing software 
systems. 
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12. Pilot implementation. Just as there has to be a priority list for the implementation of 
software systems (Step 10), so there has to be a priority list for the components of a software 
process model. The taking of measurements that relate to the software process and to the 
software systems produced by the process is to begin at once, but the effective utilization of 
the measurements can only begin when there are enough of them, and this takes time. The 
first priority, then, is emphasis on measurements. At the same time, all other features that 
define a mature software process in accordance with a managerial process model are to be 
examined, and the sequence for their introduction is to be determined by the "organizational 
culture" of the IS department, i.e., by how ready IS is to accept responsibility for each feature. 

13. Reexamination of the BRE effort. The activities of Steps 10 through 12 should not be 
considered in isolation. They depend on each other and reinforce each other, and an early 
demonstration of the effectiveness of this consolidated approach to the reengineering of IS 
will determine the willingness of top management to allocate additional resources to a con
tinuation of the reengineering of IS. 

14. Completion of implementation. The ultimate aim of any IS department should be to 
have an excellent software process in place, but, for example, to reach the higher levels on the 
SEI process maturity scale takes time, resources, and unreserved management support. In 
Step 13 it was essential to show that resources will be well spent; in Step 14 it is essential to 
spend the resources well. 

15. Continuing automation of processes. Again we have to differentiate between the 
software process and software systems. At Level 5 on the SEI scale, the software process is 
to optimize itself. This will remain a manual activity, carried out by people supervising the 
process. However, reengineering of IS improves productivity and the skills of IS personnel. 
This allows software systems to become more sophisticated. 

16. Automatic linkages to the environment. The environment of the IS department is the 
entire organization of which it is a part, and the software systems developed by IS should 
assist in a coordinated operation of the organization. One aim of BRE should be the integra
tion of all activities of an organization - this depends greatly on how well the software sys
tems that support these activities are integrated. A broader environment includes entities with 
which an organization cooperates, such as suppliers, government agencies, and trade groups. 

5 A SOFIW ARE PROCESS MODEL 

Rapid construction of management software systems requires a well-defined process. In the 
preceding three sections we examined requirements for this software process from three 
viewpoints. In Section 2 a distinction was made between managerial and technical models. 
In Section 3 we examined some current trends relating to the operation of organizations. A 
most important trend is BRE, and we took a BRE approach to the software process in Section 
3. All these trends and factors are to have an effect on the process for developing manage
ment software systems. However, to give full justice to this effect is beyond the scope of a 
conference paper, and here we merely state that the process model introduced below was 
developed under consideration of the material of Sections 2-4. Moreover, the process model 
can be presented in only a very sketchy form. 

In (Berztiss and Bubenko, 1995) we introduced a software system development model, 
which, modified and extended, is shown here as Figure 1. In this model, system development 
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begins with objectives and ends with a management software system. The objectives deter
mine a domain model that consists of three basic components: a structured information base, 
procedures for changing the information base (events), and processes. This somewhat infor
mal model is converted into a formal functional specification. There are also nonfunctional 
aspects of a software system, such as usability, which can rarely be stated in formal terms -
they are represented by the "Nonfunctional requirements" box. This development process is 
defined in terms of various concepts, and different roles in the process are allocated to actors, 
which can be people or software tools. Several versions of the system can be generated, and, 
during the lifetime of a particular version, it is represented in different forms, such as require
ments diagrams, specification, and code. There must always be a clear understanding of 
which version a particular representation belongs to (version control), and that all representa
tions of a version are consistent (configuration control). 

Version 
and configuration 

control 

Concepts Actors 

Objectives 

Infonnation base, 
events, and 
processes 

Functional 
specification 

Nonfunctional 
requirements 

Management software 
system 

Figure 1 A software process model for management systems 
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The more enclosed a box, the more specific is its role in the process. The box for version 
and configuration control, and the three boxes for the libraries are not enclosed, which means 
that they are not influenced by what particular software product is being developed, i.e., they 
are fully application independent. 

The main change in this model from the Berztiss and Bubenko (1995) model is the addi
tion of the libraries. Lately some domain knowledge has been expressed as patterns - see, 
e.g., (Coplien and Schmidt, 1995). We interpret a pattern to be a generic template that 
defines the structure of a problem and its solution, but that has to be refined to become appli
cable in a specific situation. We can relate the four domain models of Section 3 to patterns. 
The occupation and enterprise models suggest what management software systems are needed 
and what patterns are relevant in the setting up of the systems. A process model imposes 
structure on a pattern, and a situation model relates a process to the setting in which it is to 
operate - in particular, exceptional conditions in the operation of a process are covered by 
the situation model. In Figure 1 we have a basis component library and a cooperation com
ponent library. These components are gathered up into a pattern. 

Let us take a concrete example, a rental car company. A look at its operation allows us to 
identify a set of very general patterns that are constructed almost exclusively from "basis 
components". These patterns relate to reservations, actual rentals, acquisition and disposal of 
inventory, tracking of transaction trends, management of distributed sites, etc. The reserva
tions and rental patterns arise in the hotel, airline, car rental, and formal wear rental 
businesses. This is by no means an exhaustive list - Maiden and Sutcliffe (1992) point out 
the similarity between a theatre reservation system and a university course registration sys
tem; we note that both are instances of the reservation pattern. Tracking of transaction trends 
should be practiced by every enterprise - a downward trend is a danger signal; an upward 
trend of car rentals should trigger inventory build-up; an upward trend in hotel occupancy 
rates can justify an increase in room charges. Management of distributed sites is particular to 
car rental: a car may be picked up and dropped off at different sites, and transaction trends at 
different sites may suggest a redistribution of cars. 

An example of pattern constructed primarily from "cooperation components" is the 
scheduling of a meeting, which can involve personnel from several enterprises. This can be 
handled by an intelligent agent. The pattern requires the agent to consult intended partici
pants regarding their availability, and negotiate a mutually acceptable time slot, which can be 
complicated if the participants' calendars show no common available time slot. Depending 
on the width of the negotiated time window, the agent has to decide whether to hold a face
to-face or an electronic meeting. In the worst case, there can be a switch to a group decision 
mode in which participants cooperate asynchronously via a blackboard structure. The selec
tion of the blackboard structure is a decision relating to software architectures - see, e.g., 
(Shaw, 1995). 

The actors box has a twofold significance. First, it has to be decided which parts of the 
software process are to be carried out by people and which by tools. Maiden and Sutcliffe 
(1993) advance strong arguments that reuse is to be very much people-oriented. In terms of 
Figure 1, the four boxes relating to objectives, the three-component requirements, patterns, 
and functional specifications define a difficult system construction task, and only people are 
capable of effectively carrying out this task. 

Second, in the system that is being developed, various tasks are to be allocated to people, 
software, and hardware. Considering people and software alone, the allocation relates to rou
tine tasks, routine exceptions, and unexpected exceptions. With regard to order fulfillment, 
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this is a routine process when there are no shortages. Routine exceptions arise when there are 
inventory shortages, and an unexpected exception arises when the warehouse staff go out on 
strike. The first two cases can be handled by software, the last, because it is unexpected, has 
to be handled by people, but in cooperation with the software system. 

6 CONCLUSIONS AND RECOMMENDA nONS 

The two most important tasks for the future are the setting up of a pattern library, and the 
development of a "pattern selection apprentice". We have started work on the former, and in 
two directions - to prove that the approach is quite general. One direction is in computer sci
ence, and is concerned with patterns relating to safety-critical situations (Berztiss, 1996); the 
other relates to management software, and consists of patterns suggested by the analysis of 
the operation of a rental car business, which we referred to earlier. Some of the rental busi
ness patterns deal with the gathering of information that is to support decision making, and 
the actual making of decisions. For example, an analysis of rental data can suggest a redistri
bution of rental objects over the locations at which the enterprise operates, and an analysis of 
repair and resale data will suggest when a rental object is to be taken out of service. These 
generic patterns are as easily adaptable to rental videos as to rental cars. The rental data pat
tern can also indicate shortages, which in the case of rental cars may lead to purchase of addi
tional cars, but in the case of a hotel to raised room rates. 

The base of our pattern library consists of the generic patterns, which are merely capsule 
outlines in natural language. A pattern for a specific application has also a natural language 
version that consists of five entries. They are (1) Triggered by, which establishes what it is 
that initiates the activities grouped under the pattern; (2) Activities, which gives an outline of 
all activities that are part of the pattern, an indication of the conditions under which each 
activity takes place, and an indication of how the activities are related to each other; (3) Infor
mation base changes, which indicates those parts of the information base supporting the car
rental process that are to be affected by the activities of the pattern; (4) Affects, which 
identifies all patterns that can be affected by this pattern, and states the conditions under 
which this pattern would interact with other patterns; (5) Notes, which can contain any infor
mation deemed relevant by the author of the pattern, e.g., an explicit indication of what is not 
considered in the pattern. These patterns are next defined in the specification language SF -
(Berztiss, 1990) is currently the best introduction to SF. 

With the capsule summaries to refer to, the setting up of patterns for a reservation and the 
cancellation of a reservation in the rental-car context took about 25 minutes for initial design 
and about 10 minutes for review on the following day. These patterns were adapted for the 
reservation and cancellation of a restaurant table in approximately six minutes. Being given 
just the capsule summaries, teams of rather inexperienced undergraduate students in one of 
the author's courses have implemented and fairly thoroughly tested an information system for 
a rental-car operation in around 360 person-hours (a team consisted of six students, and each 
student contributed approximately 60 hours to the project). 

The pattern selection apprentice is to be a specialization of the software apprentices 
described by Rich and Waters (1990). By consulting the requirements for a management 
software system and a pattern library, the apprentice is to decide which patterns are applica
ble in a given situation. Initially the apprentice is merely to help software developers 
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navigate through a library of patterns. 
The ultimate purpose of a management software system is to exercise control. We distin

guish between three kinds of software: a conventional program that is fully deterministic and 
can exercise control over a process or part of a process entirely on its own; an ES that also 
exercises total control, but that may be under continuous modification as the understanding of 
the process continues to improve over time; a DSS that assists a human decision maker, but 
does not make control decisions entirely on its own. Thus, a fully understood process is con
trolled by a conventional program, a process that is reasonably well understood and about 
which our understanding continues to improve is under control of an ES, and a process that is 
not so well understood is under partial control of a DSS. If our understanding is so poor that 
we cannot express our knowledge about the process as software, then we have to depend 
entirely on human versatility in dealing with it. How far a management system can be 
advanced along this progression from full human control to a decision support system to an 
expert system to a conventional program depends on how well a control situation is under
stood, and how well it can be explicitly described. This applies both to the software process, 
and to the systems with which the software process is to deal. 
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