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Abstract 
lnfonnation systems are affected by the very rapid change of the environment in 
which they are embedded There is also increased dependence of organizations on 
externally developed infonnation systems. The frrst trend requires that any particular 
DSS be easily adaptable to environmental changes. This we call context evolution. 
The second leads to DSSs being developed as product lines, and this gives rise to 
context switching. We address these trends by means of two-level domain 
modeling: a generic base model remains for the most part unchanged for all 
products of a product line; an upper level consists of specializations for specific 
contexts. 
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1 INTRODUCfiON 

The main characteristic of the transformation from an industrial to an information 
age is the rapidity of changes, and the need for enterprises to respond to the 
changes without delay (Huber, 1984). While infonnation technology is in part 
responsible for constant change, infonnation systems provide the support for 
coping with change. We have discussed this in length in Berztiss, (1995). Our 
purpose here is to consider a basis for the design of decision support systems that 
are subject to change. Our study will be limited to DSSs as business analysis 
tools, i.e., we shall not consider tools for cooperative work. 

It has to be realized that the process of developing decision support systems is 
as much subject to change as any other activity in today's world. This has to be 
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taken into account in formulating design principles for DSSs. There are three major 
concerns. First, the nature of decision support is changing. With growing interest 
in data warehouses and data mining, a DSS may no longer be concerned merely 
with validation and quantification of a priori proposed relationships, but is itself to 
discover new relationships. For this we need domain models. 

One of the purposes of domain models is to support the design of the ftlters that 
are to exclude relationships considered irrelevant. What we mean is that data mining 
generates empirical correspondences which are to be interpreted with the aid of a 
domain model: if the model suggests a ca~ffect interpretation of a 
correspondence, then it becomes a relevant relationship. However, a domain model 
has much wider significance. A DSS has to be considered in a context, i.e., it has 
to be related to the needs of an enterprise. Domain models help establish such 
context dependences, and the nature of these context-dependent relationships is our 
second concern. Third, as an enterprise changes, so do its needs change, and its 
DSSs need to be adapted to the changes. This means that it has to be ensured that 
both the domain models and the DSSs based on them can be rapidly reconfigured. 

The relationship of DSSs to domain models is too broad a topic to be 
considered here in its entirety. We shall, therefore, concentrate on the last two of 
the three topics introduced above. Software engineers have taken considerable 
interest in domain modeling (Prieto-Diaz and Arango, 1991; Sutcliffe and Maiden, 
1994), and we shall investigate domain models in the DSS context from a software 
engineering perspective. In Berztiss (1996), we defined a software development 
process that is to allow rapid configuration of new management software systems 
from existing components, and rapid reconfiguration of existing systems. In the 
past two years we have tested the component-based software process on student 
group projects with some very satisfactory results (Bentiss, 1997a). This has 
encouraged us to undertake an elaboration of our approach, and this is what we 
report on here. 

The new work is based on the realization that the design of change-friendly 
DSSs has to take into account two kinds of change. One relates to differences 
between organizations, the other to the changing needs in the same organization 
with time. These two dimensions are discussed in Section 2. In Section 3, we 
discuss domain modeling in general, and, in Section 4, we introduce our 
contribution to domain modeling. Section 5 deals with domain models and DSSs. 
Section 6 presents our conclusions and recommendations. Our main conclusions are 
that the adaptation of a DSS to changes in the context in which it is used is a very 
difficult problem, that the problem defies automation, but that we can improve 
manual adaptation by means of domain modeling. 

2 DIMENSIONS OF CHANGE 

For the sake of our discussion consider an information system that controls the 
operation of a car rental business. The system deals with a normal rental process 
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consisting of reservation, hand-over, return, and payment. In addition, it has to deal 
with abnormal situations, for example, late returns which affect availability of 
reserved cars, cancellations of reservations, and damage assessment We assume that 
the operation of the rental business is monitored by a DSS designed to extract 
business trends from transaction data, such as the popularity of different makes of 
cars by day of week or by season, or the probability that a reserved car will not be 
available when needed. 

Suppose that the DSS has tracked unavailability of reserved cars without regard 
to cause. Now the DSS is to classify cases of unavailability according to their 
causes. This is an example of changing needs in the one organization - if the 
frequency of unavailability is to be reduced, then the reasons for unavailability have 
to be known in detail. We shall refer to this type of change as context evolution, 
and apply the term to both a DSS and the information system on which the DSS is 
OOsed. 

Our second dimension relates to migration of a DSS from one application to 
another. If, instead of producing an individually tailored DSS in house, an 
organization buys an off-the-shelf DSS, the off-the-shelf product will, in most 
cases, need to be modified Here we are actually considering a product line which is 
developed for a range of similar undertakings. For example, car rental and the 
allocation of hotel rooms are similar in that they both deal with rentals, i.e., the 
hiring out of resources for a limited time against payment Two approaches to 
creating a specific product within a product line can be taken. One possibility is to 
start with a generic DSS, and to customize it. Under this approach there exists a 
generic DSS for a particular kind of trend analysis applicable to rentals. For rental 
cars the DSS would be specialized in one way; for hotel rooms the specialization 
would take a different form. 

The second approach is to take an existing DSS, such as the unavailability 
tracker for rental cars, and transform it into an unavailability tracker for rooms of a 
hotel. Our experitnce shows that this approach is not as effective as the frrst. We 
have consistently found that the transformation of a high-level design (which, in 
our case, is the generic DSS) into a program (which is the actual DSS) takes much 
less effort and is less error-prone than the transformation of one program into 
another. We shall, therefore, consider the frrst approach alone in what follows. 
However, both approaches belong to what we call a context-switching dimension, 
and this term will be applied to a DSS as well as to the information system to 
which it relates. 

Our preoccupation with information systems needs explanation. Although it 
appears that a DSS could be based directly on the tables of a data base, this is not 
so. Decisions have to be made in response to changes in the data base, and these 
changes are brought about by an information system. In other words, decisions are 
determined by events that change the data base. The recent attempts to broaden dala 
base technology by making data bases •active' (Mueck, 1994) are no more than a 
closer integration of information systems with data bases. 
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A subclass under context switching concerns international operation. It has been 
established that attitudes of developers of software systems are influenced by 
cultural background. Thus, European developers put greater weight on user 
satisfaction than do developers in North America (Kumar and Bjom-Andersen, 
1990; Carmel et al, 1993). This suggests that a multinational car rental company 
would be interested in different transaction trends in different countries. At least, the 
user interfaces to a DSS should differ from country to country (Madell et al, 1994; 
O'Donnell, 1994). The design decisions that have to be made in adapting user 
interfaces to another culture can be subtle (Nakakoji, 1996). 

Another subclass relates to group decision making. Whereas individual decisions 
are, for the most part. reactive or tactical, group decisions are proactive or 
strategical. Thus, a DSS may help determine how an existing business process is 
to be modified, but a GDSS may assist in reaching a decision to introduce a 
completely new process. Definition of a new process has, of course, a major effect 
on the information system of the organization, showing again that DSSs cannot 
be considered in isolation from the information systems on which they are based. 
Watson et al (1994) discuss how cultural differences affect group decision support. 

3 DOMAIN MODELS 

Domain analysis has several purposes. First, domain analysis is to allow all 
activities within a domain to be understood so that they can be improved. Domain 
analysis thus contributes to improvement of decision support. Second, the 
conventions of a specific application domain have to be well understood so that a 
DSS deployed in this domain complies with the conventions. Third, a domain has 
to be described in such a way that reuse of DSSs is enhanced. 

Developers of information systems have been constructing domain models for a 
long time, under various designations, such as conceptual models, enterprise 
models, and business rules. Specifically, Humphreys and Berkeley (1992) describe a 
conceptual model of an organization, which is to support decision making under 
context evolution. Software engineers have also become interested in domain 
analysis and domain models (for surveys of such work to about 1991, see Arango, 
1989; Neighbors, 1992; different purposes of domain analysis are discussed by 
Wartik and Prieto-Diaz, 1992); for a bibliography see Rolling, 1994; Glass and 
Vessey, 1995 survey taxonomies of domains.) 

Although the importance of domain analysis is now realized. software 
developers are still uncertain regarding the exact nature of domain analysis. Taking 
a very broad definition of 'system', in most areas of system development, such as 
the design of roads, buildings, or manufacturing facilities, it is understood that there 
are general principles that define a discipline or an occupation, but that these 
principles have to be tailored to particular applications - an opera house and a 
hospital look and function differently. Domain analysis accounts for the 
differences. With regard to software, there is confusion as to the exact meaning of 
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domain analysis in this particular context. The confusion is attributed to a lack of 
distinction between knowledge that relates to application domains, i.e., about 
problems to be solved, and knowledge that relates to implementation domains, 
i.e., about the tools, representations, and methods that are to help solve the 
problems (Glass and Vessey, 1995). This confusion affects the defmition of a 
domain as 'a problem or task area in which multiple highly similar application 
systems will be developed to meet the particular requirements of several different 
customers' (faylor et al, 1995). The confusion arises because an application 
domain exists irrespective of what systems may or may not be developed. Actually, 
there is no need to defme a domain as such. The real interest is in domain models. 
A domain model is an abstraction that consists of only those parts of general 
domain knowledge that are relevant to a particular application, and domain analysis 
is used to develop appropriate domain models. 

4 A TWO-LEVEL DOMAIN MODEL 

Objects can be of two forms, immutable and mutable. An immutable object never 
changes (an example is the date of birth of a person). A mutable object changes - a 
corresponding example is a person's age. We can say that an immutable object has 
a single state, and that a mutable object has multiple states between which the 
object makes transitions. It makes more sense to base an information system on 
immutable dates of birth rather than on ages, but mutable objects are, in general, 
more important and more interesting. This observation is supported by business 
reengineering. The essence of a reengineered enterprise consists of processes 
(Davenport, 1993; Johansson et al, 1993), but a process is no more than a sequence 
of state transitions of mutable objects. For example, in a:der processing, the a:der 
changes state several times (initially it is 'received', ultimately it becomes 'filled'), 
and the inventory also changes as the order is getting filled. 

Actually, age and date of birth are not regarded as objects in their own right, but 
as attributes of the object 'person'. Hence, we speak of an object having mutable 
and immutable attributes. For example, for every rental object, be it a rental car, a 
video, or a hotel room, the date on which it is put into service does not change. On 
the other hand, the rental fee can change. When we refine the general class of rental 
objects into subclasses, some attributes are relevant for one subclass but not for 
another, and the same attribute can be mutable or immutable, depending on the 
subclass. Object orientation in software development minimizes the effect of such 
differences by means of inheritance classes, which is a primary reason for the 
popularity of object orientation. However, the number of classes can grow rapidly, 
and then it becomes difficult to navigate through the inheritance hierarchies. 

We have, therefore, experimented with a different approach. This is to define a 
high-level generic process in very general terms. The definition consists of 10-20 
capsule descriptions, where each capsule is the description of a task in natural 
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language in less than 200 words. An example of such a capsule is a reservation task 
for the generic rental process (Bentiss, 1997): 

'A customer makes a reservation of a rental object for a length of time 
starting at an indicated date and/or time. Variants of the basic pattern 
include (a) group reservations, (b) indication of just the desired starting 
point and no indication of the length of rental, (c) no indication of a 
starting point, as in the case of a library book that is currently checked out 
to some other borrower, (d) confirmed reservation, (e) over-booking, in 
anticipation of a cancellation, (f) no prior reservation, with the arrival of a 
customer interpreted as a reservation, (g) in case of shortage of rental 
objects, a customer may be put into a wait line, but be allowed to make a 
reservation if the shortage is no longer in effect, (h) for some applications, 
the rental site and the return site of a rental object may differ. The credit
worthiness of a customer may have to be established as part of this task.' 

The capsule description can be specialized, and in this specialization, still 
expressed in natural language, we follow a five-component fixed format that has 
been described earlier (Berztiss, 1996; Bentiss, 1997). After a specialization has 
been defined using this format, it can be implemented. either directly or via a 
formal specification. We have validated this approach with two sets of student 
projects. In both projects, teams of students were given the capsule descriptions of 
the generic rental process. In one project they had to elaborate the capsules into 
implementations of an information system for a car rental business, in the other 
project the target was video rental. Compared to more conventional approaches, the 
implementations were completed in very short time, and the quality of the final 
systems was high. 

This experience has shown that a two-level domain model is very useful for the 
development of informations systems when context-switching is the problem. One 
level is then a generic base model, and the second level consists of the 
specializations that result from elaborations of the base model. 

Each of the information systems develqled from the generic base model can 
undergo evolutionary change. Indeed. the generic model itself can be subject to 
change, which can create very complex situations. For example, the specific needs 
of car rental may change the information system that has been specialized for car 
rental one way, and the specific needs of video rental may change the video-rental 
system some other way. 1bese changes to code are certainly to be reflected in the 
five-component natural language refmements of the affected task definitions. But 
should changes also be made to the higher-level capsules? If so, need we modify 
every information system that derives from the capsules? 1be difficulty of such 
modifications for systems that evolve in different directions has been discussed 
before (Partridge, 1986), and no adequate solution appears to have been found. A 
further complication is caused by the recommendation that each change to a 
software system be approved by a change control board (see, for example, Paulk et 
al, 1995), and change control boards reside within individual organizations. 
Therefore, unless a consortium of users of the same product line appoints a joint 
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change control board, changes over the entire product line cannot be easily effected 
This situation differs from cases in which a developer organization periodically 
releases new versions of an identical product, (e.g., an operating system). The 
difference is that, in the terminology of Section 3, such a product belongs to an 
implementation domain, while an information system or a DSS belongs to an 
application domain. 

We had hoped to be able to identify a set of capsules that would never change. 
The experience we had with the team projects showed this to be an impossible 
expectation. Most teams differed somewhat in the way they elaborated a capsule, 
and this applied to every capsule. Denote the elaborations of capsule X produced by 
two teams by Xl and X2. Since the elaborations differ, there is always a possibility 
that in an organization using version Xl there will arise a request for a change to 
something like X2. This indicates that no capsule is immune to change. 

5 DOMAIN MODELS AND DECISION SUPPORT 

Our generic model of rental processes contains the capsule 'Transaction trends': 
'A rental enterprise has to maintain full records of its operation so that 
trends can be spotted, and responses made to the trends. Specifically, 
persistent shortages will suggest inventory increases (e.g., for rental cars) 
or a change in the price structure (e.g., for hotel rooms).' 

The text of the capsule conveys little specific information because we cannot 
prerlict what decisions will have to be made in the future, and what data will have 
to be analyzed to support the making of the decisions. The only assertion we can 
safely make is that a DSS can be affected by changes in the information system to 
which it relates, and that the decision support that management wants to have 
provided may necessitate changes in the information system. 

In Section 2, we referred to context evolution in a DSS. Our instance of 
evolution was the introduction of a classification of cases of unavailability of 
reserved rental cars according to cause, where the common causes are late return of 
a car, late delivery of a car that is to be added to the fleet, damage to a car, or loss 
of a car. It can be expected that the underlying information system is structured in 
such a way that these causes can be identified in a straightforward manner. 
However, suppose that a car should be available but is not because it has been 
rented to somebody else either deliberately, in case the car was returned unexpect
edly early by the previous customer, or by mistake. Recognition of these cases may 
require non-trivial changes to the underlying information system. 

We are very pessimistic regarding automatic adaptation of a DSS in response to 
context evolution because context evolution is unpredictable. We are somewhat less 
pessimistic with regard to context switching - after all, context switching is from 
one known domain into another. Still, even context switching is associated with 
difficulties. 
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A look at a much simpler situation may help gain insight into the problem. 
Data bases exist to have queries put to them Now, the data bases supporting car 
rental and hotel room allocation can be very similar - both cars and hotel rooms are 
instances of rental objects. This means that queries regarding availability of cars of 
a certain type or of hotel rooms of a certain type are formally equivalent. It is a 
simple matter to set up mappings that convert context-reflecting queries, such as 
'How many cars of type A are available? into context-independent queries, such as 
'How many rental objects of type A are available?' This formal equivalence 
extends to DSSs, which can be regarded as complex query-answering devices. 
Given a rigorous generic domain model, such as a model of rental processes, it 
should then be possible to use the model as is, with the substitution of 'car' or 
'hotel room', say, for 'rental object'. However, our experience with the car rental 
and video rental systems showed that there exist numerous differences between the 
two systems, and mere textual substitutions are not always adequate. Indeed, it has 
been pointed out that context-dependent software should be develq>ed in a 
prototyping mode with the participation of domain experts (Giddings, 1984), am 
that any kind of context change requires considerable human participation (Maiden 
and Sutcliffe, 1993). 

In another experiment, in which student teams were to develop a student 
registration system from the basic capsules - under the interpretation that a student 
registering for a course 'rents' a place in the course- our students found the capsule 
descriptions of the generic rental process of little help. We believe that the student 
registration process can be developed from the capsules, but the negative experience 
suggests the need for extensive training in the approach. Our conclusion: even 
when domain knowledge is unchanging, the development of specific domain 
models, i.e., the introduction of context into the generic model, needs significant 
human attention. The system developer must fully understand the generic model, 
the specific domain, and the methodology for specializing the generic model to the 
context of the specific domain. Moreover, this understanding is needed both for 
developing an information system and a DSS based on the information system. 

But domain knowledge changes. Knowledge may grow, some of it may become 
irrelevant, there may be a change of emphasis, and a totally new development, such 
as electronic commerce, may aJd new components to domain knowledge. Any 
significant change in domain knowledge has to bring about a change in a domain 
model, and the change may affect some specializations of a generic information 
system, but not others, e.g., electronic reservations can become significant for 
car rental but are unlikely to do so for video rental. Of course, a DSS that 
determines the overall reservation pattern by day-of-week, say, can be easily OOapted 
to determine the pattern for electronic reservations alone. Even a DSS that 
compares the two patterns, and alerts management of any significant changes in 
their relationship, could be ~ from a DSS used in some other context. But, 
for this to work, the existing DSS has to be found, and, once found, appropriately 
modified Unfortunately, experience with software reuse has shown that neither of 
the two problems has an easy solution (Bassett, 1997; Sametinger, 1997). An even 
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bigger problem is the need to be aware of changes in the infonnation system to 
which a DSS relates. and to changes in the domain model. both at the specific 101 
the generic levels. Context evolution is driven by such changes. and the design or 
redesign of a DSS requires complete understanding of the changes. 

6 CONO...USIONS AND RECOMMENDATIONS 

One of the aims of software engineering is to reduce the effort needed to consuuct 
software systems. Our contribution to this is domain modeling on two levels. A 
generic domain it defined by a set of very general capsule descriptions. and the 
capsules are adapted for specific application instances. Student projects have shown 
the approach to be effective - compared to similar projects undertaken earlier. 
development time was sharply reduced. and the quality of the software was very 
high. Thus. OlD' approach can handle successfully context switching with respect to 
infonnation systems. 

But context switching with respect to DSSs cannot be dealt with as effectively. 
The problem is that the development of specific infonnation systems from a 
generic system leads to differences between the target systems. These differences m 
not hinder development of the information systems themselves because an essential 
element of the method is precisely to allow for differences. However. they affect 
DSSs based on the information systems in a serious way: a DSS would have to be 
developed at the same time and in parallel with the corresponding information 
system. but. at the initial development stage. we cannot predict what the future 
decision support needs will be. 

As we saw at the end of Section 5. context evolution creates difficulties even for 
information systems. and the difficulties are amplified for DSSs. Hence. for the 
moment. the outlook for automation of the adaptation of DSSs to context changes 
is somewhat pessimistic, but domain modeling as we have discussed it here can 
improve manual responses to context changes. Future resean:h should aim at 
fonnalizing these manual responses, thus making possible at least partial 
automation. 

An analogy shows how difficult this will be. We pointed out earlier that a DSS 
attempts to answer queries. but these queries are of an mlet that is much higher 
than that of conventional queries. As regards the latter, standardization of the 
operations needed to construct responses to queries resulted in the query language 
SQL. A user of SQL still needs to know in detail the suucture of the data base that 
is being accessed. so that SQL is not fully context-independent. Moreover. an SQL 
query is essentially a camouflaged composition of logical operations, so that users 
of SQL have to be on reasonably comfortable tenns with logic. A language 
analogous to SQL for defining DSSs will necessarily be more complex and require 
considerable sophistication of its users. 
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