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Abstract 
To enable software to fulfill user requirements over time and meet changes in, for 
example, business environments, software variability is needed. One way to achieve 
variability is through tailoring. However, some kind of variability management is 
needed in order to take advantage of variability. With a tailorable system we mean a 
system that is designable when it is in use. This means that some design decisions are 
postponed until the system is up and running. It is the end-user who will adjust the 
program to fit altered requirements through, for example, run-time configuration. In 
other words, tailoring requires that the variability management of the system is left to 
the end user. In this article we present three different examples of tailoring and in the 
form of a comparison between the three approaches we identify and discuss some 
issues which must be considered when variability management is left to the end user. 
 

1. Introduction 
In a fast changing world more and more variability is needed in software to supply 
support for higher reusability and prevent the software from expiring too fast. This can 
be seen as the two dimensions of variability, i.e. space and time. [1] This article 
discusses the variability dimension of time. One way to make use of this kind of 
variability is tailoring. With a tailorable system we mean a system that is designable 
when it is in use. This means that some design decisions are postponed until the 
system is up and running. It is the end-user who will adjust the program to fit altered 
requirements through, for example, run-time configuration. But how does tailoring 
relate to variability and variability management? It is our view that tailoring is a kind 
of variability management. In other words, tailoring entails that part of the variability 
management of the system is left to the end user. This special kind of variability 
management places special requirements on how variability is handled; the users need 
special tools and other facilities to help with the variability management. This article 
explores methods for enabling the end user to carry out variability management. The 
prerequisites for the form of variability discussed here are built into the software, i.e. 
the software has a set of variation points; it is also possible, however, to feature 
unanticipated change. This creates a need for even more special facilities to make it 
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possible for the end user to manage variability. We focus primarily on anticipated 
variability; we only touch on unanticipated changes. 

When you buy an ordinary software product dedicated to a special purpose you 
receive the software and a built-in help system and a manual. Often some kind of 
online support service is also included.  The functionality is static, as are the help 
system and manual. But what happens when the software is designed for change and 
even for unanticipated change? In this article we compare three different tailoring 
approaches to see how they cope with management of variability. We provide a 
comparison between the three approaches concerning techniques for implementing 
variability, the kind of variability and features supporting tailoring. We compare our 
own approach [2] with two other approaches within the area of tailoring and end-user 
development, namely Anders Mørch’s work with application units [3, 4] and the 
research done within a project concerning tailorability of CSCW1 systems [5] [6], to 
be able to give some indications of what to consider when designing tailorable 
systems.  

We start with a discussion about what tailoring is and how it relates to variability 
and variability management. Our position is that tailoring is one side of the variability 
management coin. The other side is the variability of the basic system that still will be 
the responsibility of the developers. Next we present the three tailoring approaches in 
the form of three different applications, focusing on implementation techniques, the 
kind of variability and features supporting tailoring. In the following section we 
compare the different approaches. The outcome of the comparison is that although 
different techniques, different kinds of variability and different features are 
implemented there are similarities connecting the three approaches. These similarities 
depict some issues that may act as a foundation when designing tailorable systems. 
Finally, we articulate some implications of what things to be considered when leaving 
variability management to the end user.  

 
2. Tailoring and Variability Management 
It can often be difficult to differentiate between tailoring and use. One way of 
describing tailoring is to say that it is a process which occurs when altering solid 
aspects of the software. If the alteration affects the tool or software itself, it is tailoring 
[7]. One can also define tailoring as an activity which modifies an existing software 
system while it is being used as opposed to changes during the development process. 
[4]. The latter definition is the more appropriate of the two for the present discussion. 

Tailoring is often discussed in terms of generic software such as word processing or 
spreadsheets. Tailoring is then a way to adapt the software to individual or 
organizational requirements, this corresponds to the space dimension of variability. 
When discussing tailoring in terms of special software design for specific use, 
tailoring makes it possible for the software to be adapted by the users when the tasks 
and business routines change [8]. Those involved in the tailoring process are people in 
the user organization, e.g. end users, user groups and local developers or designers [9]. 

                                                 
1 Computer Supported Cooperative Work 
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In this article we use the term ‘end user’ to represent those working with the system in 
their daily work.  

Mørch and others have identified three different levels of tailoring [7, 9, 10]. The 
higher the level, the more radical the changes that can be carried out and more expert 
one’s knowledge must be. The three levels are: 
1) Customization or choosing between different expected behaviors. Generic 

software is personalized in accordance with the end user’s requirements by 
choosing between predefined parameters or by setting values on parameters.  

2) Integration or constructing new behaviors out of existing components. One could 
also call this level composition. This allows the end user to add new functionality 
to the application without altering the underlying program code. The end user 
connects predefined components which basically become an expansion of the 
origin application.  

3) Extension or altering the artifact. The altered functionality of the application is 
achieved by adding new code.  

As mentioned above, we see tailoring as a kind of variability management. In tailoring 
one has taken one step further in postponing some design decisions to an even later 
point in time. The implementation of tailoring is justified because, despite a great deal 
of foresight and good planning for the future, sooner or later the situation will change: 
users change or get new jobs, the organization changes and the surrounding world is 
complex and fast changing etc.[7] This makes tailoring feasible.  
In the figure below (Figure 1) we have tried to visualize how we consider tailoring in 
relation to variability and variability management.  
� The cycle starts with the source of variation; the reason why variability is needed. 

In the article “Managing Variability in Software Architectures” Bachman and Bass 
[11] discuss several sources of variation. Variation may be needed in function, 
data, control flow, technology, quality goals and environment.[11]  

� Variability is implemented in the software; this phase also requires some kind of 
variability management, of course, but this is not the subject of this article.  

� The implementation results in variable software. The variations must be employed 
in some way; this can be achieved by several mechanisms (i.e. generators, 
configuration management systems, compilation and adaptation during start-up or 
normal execution [11, 12]).  

� The variable software and the realization mechanisms are handled by the means of 
variability management. Different actors can manage the variability at this stage in 
different ways: a software engineer or the system itself. Some of the variations 
mentioned in the first point may be taken care of by the end user using tailoring. 
Examples are variations in functionality, data, quality goals and environment. For 
the end user to be able to alter the system he needs some assistance in form of help 
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system, documentation, visualization in user interfaces or suchlike. We are calling 
it tailoring features.  

� As the system is used new sources of variations occur and the cycle continues. 

 

                                       
 

Figure 1 The variability cycle 

The basic principle in tailoring is that the one best suited for handling the variability is 
the person working with the software tool in his/her daily work.[4] This differs from 
how Bosch [12] discusses variability and variability management where it is 
understood that it is the software engineer who handles variability. Bosch [12] in his 
discussions of software evolution is chiefly concerned with the evolution of products 
in the development organization, but he also identifies four other types of evolution 
that occur after the product has been installed: post-fielding evolution, run-time 
evolution, remote evolution and customer managed evolution [12]. Tailoring relates, 
for example, to run-time evolution, which means that the system is improved during 
ordinary operation. This type of evolution can be of two different kinds: component 
replacement and architecture evolution, where the architecture changes dynamically. 
Architecture evolution also includes dynamic-component adaptation or replacement 
[12]. In the following sections we will see how this is applied in the different 
applications presented. We start with our own approach. 
 

3. Contract Handler  
The prototype presented in this section is an experiment in using the Java reflection 
API as a mean to implement a tailorable system. The background and idea behind the 
experiment was a research project in which we and two industrial partners 
collaborated. The goal of the project was to investigate means of developing flexible, 
adaptable and modifiable software systems (see [13]). The system that the prototype 
was modeled on is an application used by one of the research partners that is a 
telecommunication operator. It was possible to anticipate the type and structure of 
some of the changing requirements and for them tailoring is a possible way to make 
the system modifiable.  
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The prototype is a partial implementation of a system that will be described in this 
section. It is necessary to have some understanding of the whole system to understand 
the design of the prototype. The system is used for computing certain payments2; these 
payments are triggered by certain events. The receiver of money and how much should 
be paid are decided by what contract(s) are valid for the event.  

The system architecture is described in Figure 2. The system can be regarded as two 
loosely connected parts: the transaction handler and the contract handler. The 
transaction handler application manages the actual payments and also produces 
reports, while its database stores data about the triggering events, payments and 
historical data about past payments. (1)3 The data describing the triggering events is 
periodically imported from another system. (2) To compute the payments, the 
transaction handler calls a stored procedure in the contract handler’s database. (3) The 
event is matched with the contracts; several hits may occur. Some of the contracts 
cancel others; others are paid out in parallel. We call the process of deciding which 
contracts to pay ‘prioritization’. (4) The result is returned to the transaction handler. 
(5) The actual payments are made by sending a file to the administrative system. 
 

 

 

 

 

 

 

 

 

 

Figure 2 The system architecture 

An important complication in the data model is the categorization of the values on 
which some of the conditions are based. The categorization is dependent on other 
systems, making interaction with the latter essential both when the transaction handler 
matches events with contracts and when a user wants to use categories in a contract. 

The contract handler administrates contracts, or rather formal descriptions of 
contracts, in a relational database. The interface enables the user to enter new 
contracts and search for old ones. When entering new contracts, the input is checked 
to ensure the integrity of the data. The main parts of the contracts are: 

• Identification of the contract and version control. 

                                                 
2 To protect the business interests of our industrial partner we can only give an abstract description of 
the system. 
3 The numbers refer to figure 2. 
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• Some flags controlling who receives the money. 

• Conditions determining if the contract is valid for an event or not. 

• A payment table deciding the amount to be paid. 
The first two parts are common to all contracts; it is the conditions and the payment 
table that differ. 

In order to make the system adaptable to future changes a conceptual model that 
facilitates a meta-model description of the system is needed. The purpose of the 
system is to compute payments according to the stored contracts. Each event that 
triggers a payment has a set of parameters. Today there are only two kinds of events, 
though several other types of events are under consideration for the future. In the 
contracts a condition is meaningful only if the transaction handler can evaluate it 
when payment is due. This leads to the concept of event types: a payment is triggered 
by an event, and all contracts belong to a particular event type. Each event type has a 
set of attributes associated with it that limits what conditions a contract belonging to it 
can have. In the existing system there are a number of contract types that are used for 
different purposes. From the system’s point of view these contract types differ in two 
significant ways: which conditions you can add to the contract and how the contracts 
influence each other (if several contracts match the same event one may inhibit the 
other, or all may be paid out). 

In the case study already during the design discussions we constructed a conceptual 
model with four levels of abstraction (see [13]). The actual data that is stored 
describes the contracts the payments are based on. The contracts are of several 
contract types which form the base-level of the abstraction hierarchy. Some contract 
types have nearly the same parameters but are used for different purposes while the 
system is in use; this gives the next level, contract_groups. At the top level of the 
abstraction hierarchy are the event_types where we group together contract and 
payments related to the particular event which triggers them. 

 
 
 
 

 

 

 

 

 

 

 

Figure 3 Type hierarchy 
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In an object-oriented implementation the actual contracts would be objects belonging 
to the concrete classes in the bottom line. The remainder of the classes would be 
abstract. 

3.1. Implementation Techniques 
A general problem is that when you add tailoring capabilities to a system this often 
makes the system more complicated: not only do you have to construct the tailoring 
interface but the basic program may also become more complicated. To explore how 
to avoid this we constructed a prototype using ideas based on the metaobject protocol 
(MOP) approach[14]. The approach originates from the CLOS programming language 
in which it is possible to change program behavior by interacting with the runtime 
system through a metaobject protocol [15]. The metaobject protocol is based on the 
idea that one can and must open up programming languages so that the developer is 
able to adjust the language implementation to fit his or her needs. This idea has 
subsequently been generalized to systems other than compilers and programming 
language. In the article “Towards a New Model of Abstraction in the Engineering of 
Software” [14] it is argued that the metaobject protocol concept can be used as a 
general principle for abstraction in computer science. The idea is that any system that 
is constructed as a service to be used of client application (as, for example, an 
operation system or a database server) should have two interfaces: a base-level 
interface and a meta-level interface [14]. The base-level interface gives access to the 
functionality of the underlying system; through the meta-level interface it is possible 
to alter special aspects of the underlying implementation of the system so that it suits 
the needs of the client application. The meta-level interface is called the metaobject 
protocol (MOP).  

The basic principle of the metaobject protocol approach has inspired us to transfer 
the concept to end-user tailorable software. In most systems the end user has no access 
to the implementation of the program; in our approach, the end user is given the 
opportunity to alter or tailor the software should the need arise. Our aim is to give the 
user the opportunity to add components to the program in a controlled way which does 
not require any programming. To do this we use a dual-interface: a traditional base-
level program and a meta-level program that provides tailoring for the base-level 
program. [2] 

3.2. Description of the System 
The prototype was produced to test the use of MOP (metaobject protocoll) in 
implementing tailoring. This can be seen as an example of an explorative prototype 
[16]. We wanted to gain an understanding of the complexities related to this approach. 
The prototype does not implement the whole system but only the contract handler 
application. Functionality is reduced, especially the parameters using categorization of 
values, are simplified to simple values, the primary reason for this being that it 
allowed us to build a prototype without any communication to other systems; in this 
way development of the prototype was greatly simplified. 

The prototype is divided into two levels, the meta-level and the base-level. Two 
catalogues, one storing contract types and the other parameter classes, implement the 
connection between the two levels. In the meta-level of the prototype, the new 
contract types are created and stored in the contract type catalogue. In the base-level 
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the same classes are used as part of the program. The parameter class catalogue is 
used by the meta-level to identify which parameters exist and by the base-level as part 
of the program. 

Inheritance, together with the meta representation and the inner structure of the 
contract types, is essential to the prototype. A simplified model, similar to the 
conceptual model described in the section about system architecture (but leaving out 
the group level) is the basis for the prototype implementation. It resulted in the class 
hierarchy presented in Figure 4. The events are super classes of the contract types. In 
the conceptual model an ‘Event’ has a set of parameters and the contract type is made 
up of a subset of these parameters. This is not possible in Java; instead, there is a 
specification that defines the set of parameters for the contract types in the Event 
classes. Some parameters are compulsory for all contract types belonging to an Event; 
they are put in the Event so that they are present, thanks to the inheritance principle, in 
all the contracts, e.g. all contracts must have a contract id. 
 

 

 

 

 

 

 

 

 

 

 

Figure 4 Inheritance hierarchy for the contract types 

A contract is essentially a collection of parameters. In the system in use some of the 
parameters are very complex and some even collect values from other systems. This 
makes it natural to represent every parameter by an object. Most of the methods in the 
contracts are implemented using delegation to the parameters. For the contracts’ three 
main methods - checking, storing and displaying themselves - there are corresponding 
methods in the parameter classes. This is a vertical design where one class takes care 
of one type of parameter through the whole program instead of the more normal three-
layer architecture (interface, logic and storing). This design makes it very easy to add 
new parameter classes to the system. 

When the end-user wants to create a new contract, i.e. create an object from a 
contract type, all of the concrete classes are fetched from the contract type catalogue, 
their names are presented and the end-user chooses which contract type to create a 
contract from. A contract is then created which has parameter objects without values. 
The object displays itself by delegating to the parameters. The same principle is used 
for storing and checking errors. When the user has put values in all slots and wants to 
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store the contract, the error check is delegated to every parameter object. The 
parameter object checks that the value has the right format and is within the given 
limits. When a value is incorrect, the slot is marked and the user has to put in a new 
value. Not until all values are correct, are the values set in the empty contract.  

The contract types are created in the meta part of the program. The ContractHandler 
contains two tailoring interface: one that does not require any programming skill and 
another more advanced interface requiring basic knowledge of Java. We will here first 
describe the simple interface and come back to the advanced interface. When a user 
wants to create a new contract type all existing contract types are displayed. This is 
done by collecting all the class files from the contract type catalogue in which they are 
stored. The end user chooses what contract type s/he wants to have as super class for 
the new contract type. To make it easier for the user to make a decision as to what 
contract type is the most suitable, the parameters and the methods of the contract type 
are also displayed. Java reflection API provides the necessary methods for this.  

The next step is to collect all possible parameters for the new contract type. To find 
the set of all possible parameters the program collects all classes in the catalog 
dedicated to parameter classes. All parameters may not be used for all Events. This is 
achieved by putting a filter in the class describing the Event. For example, if a 
parameter 'xyz' is not valid for Event type B, a method that acts as a filter is placed in 
the abstract class Event B (Figure 4). 

Thereafter all possible parameters for this Event type are shown to the end user, 
who can select from any of these. A contract type is a composition of parameters or in 
other words the process of combining different parameters corresponds to tailoring 
level 2, integration. The parameters that are inherited are automatically selected and 
cannot be deselected. To find which parameters are already present in the selected 
contract type the program looks into the class of the contract type and its super classes 
with the aid of  java.lang.reflect.  

The meta-level of the program is constructed as a meta-model which is 
implemented as classes. The contract types correspond to objects of the class 
Metaobject. Our metaobject is practically the same thing as the classobject in Java. 
We constructed our own version because a classobject cannot exist without a 
corresponding class. This means that it is not possible to create a new class from a 
classobject; as a result, we could not use the classobject alone for our purposes. 
Another factor is that it is important to be able to handle the metamethods in a 
customized way. The relationship between Java's meta-model and our extended meta-
model is shown in Figure 5. 

In our extended meta-model a metaobject is an ordinary Java object, but it contains 
a description of a contract type and thus corresponds to a specific contract type. The 
MetaobjectClass is the class of metaobjects. The MetaobjectClass is a description of a 
general class. When the MetaobjectClass is instantiated the fields acquire values. The 
fields are references to metamethod objects, metafield objects and metaconstructor 
objects, i.e. the MetaobjectClass has a field of the Metafield type (the metamethods 
and the metaconstructors are excluded to simplify the example). The MetafieldClass 
has the field’s name and type. When the MetaobjectClass is instantiated a metabject 
and a metafield object are created and the fields in Metafield acquire their values. The 
metaobject has a reference to the metafield object, and the latter has a reference to a 
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parameter. If the contract type is to have a parameter named aCustomer, the 
metaobject must have a metafield object with an instance variable name with the value 
“aCustomer” and an instance variable type with the value of "Customer". (Figure 5). 
 

Figure 5 Meta representation 

When the user has made his or her choices as to which parameters the contract type 
is to contain, the class ContractHandlerMOP creates the metaobject according to the 
input values. From the metaobject the source code for the new class is generated. The 
java source code is then compiled and a class file is produced. The file is stored in the 
contract type catalogue. The new object will be an integration of components already 
in the system, a tailoring of level 2 according to Mørch classification [10]. But it can 
also be seen as tailoring of level 3, extension, because code is added. 

The ContractHandlerMOP is a class that handles the metaobject. All access to the 
metaobject goes via the ContractHandlerMOP. The class also restricts what can be 
done to the metaobject. This can be used to implement business logic to control what 
contract types can be created. 

In the more advanced interface the end user can also add and change methods 
within the new contract type. Since the system will already have constructed a 
working implementation some modifications may be done even by-end-users having 
only rudimentary knowledge of programming. But the user has full access to Java 
which means that the end-user can make unanticipated changes. With this interface it 
is possible for the end-user to extend the capabilities of the system, a tailoring of level 
3 according to Mørch classification [10]. 
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3.3. Summing up 
What tailoring levels are there? 

Answer: The ContractHandler implements tailoring in two different levels: 
integration and extension. When composing a contract type we use integration as we 
choose from among predefined parameter components and assemble the set in a 
contract type. But in creating the contract type itself ‘extension’ is used while a new 
piece of code is added to the system. 
What kind of variability is implemented? 

Answer: The variability is provided by both changing the component (adaptation of 
component) and by composition. Technically the variability is achieved by choosing 
among alternatives or a set of alternatives. The alternatives are maintained by 
wrapping them into a class. In this case, Java serves as both the composition and 
implementation language. Both the parameters and the contract types rely on 
inheritance for consistency. The parameters inherit an abstract super class that ensures 
that specific methods are implemented, and when creating new contract types they 
always inherit an Event that makes sure that curtain parameters are incorporated in the 
contract type. 
What realization mechanisms are used? 

Answer: To integrate the changes into the system certain mechanisms [11] are 
used. The end user configures the contract type in the meta-level by choosing specific 
parameters. The chosen parameters configure the metaobject in a certain way and a 
generator generates the source code that is compiled. When the contract type is 
compiled and stored it is automatically loaded into the base-level. The system is 
adapted during normal execution. 
What features support the tailoring?  

Answer: The contract types are, for example, visible to the end user. The content of 
the contract type can be viewed in the interface, and the source code can be read when 
desirable. The class hierarchy is also visible in the user interface. Another thing that 
increases the usability and flexibility is that there are several levels of change: there is 
the two levels where the end-user makes contract-types, but it is also possible for a 
software engineer to add contract types in the usual way by coding and saving the 
class in the catalogue. There is no need for any other modification when performing 
this action. 
 
4. BasicDraw/KitchenDesign 
The work presented in this section is taken from Mørch’s work about application 
units. [3, 4] It addresses the problem of software reuse by creating new software from 
existing systems. The example differs from our approach in that it uses generic 
software as a base for tailoring where the ContractHandler is designed for a special 
purpose. The software system focused on is a generic application known as 
BasicDraw. The varying levels of user experiences and organizations’ different ways 
to accomplish tasks makes it likely that the tasks change as the generic application is 
being used. The transition between use and tailoring is identified by a breakdown. 
Breakdowns happen when an application is no longer sufficient for a task; the 
breakdown leaves the user, however, with a handle into the application. The handle 
can be used to access the parts of the application that have to be dealt with to repair 
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the breakdown. The handle may be a button, a menu item or a window. The sequence 
of commands required to repair a breakdown is not totally smooth. Anders Mørch at 
Oslo University works with tailoring issues using components called application units, 
a fine-grained approach to solve the problem of breakdown repair. [9] 

4.1. Implementation Techniques 
The graphical user interface of a generic application is composed of graphical 
presentation objects such as buttons, windows, toolbars etc. According to Anders 
Mørch’s work the user interface of a tailorable generic application is composed of 
application units. Application units are reusable software components associated with 
GUI widgets, but the application unit is extended with event handlers that take care of 
tailoring events. The structure of everyday artifacts acts as a model for application 
units. The units consist of three parts: presentation objects or user interface, rationale, 
and implementation code. Presentation objects reflect the structure of an external task-
domain model while rationale components reflect the structure of implementation 
code. But rationale components are not interpreted or executed by the computer. The 
rational captures the application’s requirements for design and use. The justification 
of a rationale is that it fills in the gap between the user interface and the 
implementation code, making a gradual transition from use to tailoring possible. 
When using application units the transition is divided into three levels, where each 
level adds tailoring flexibility. The levels are: 

1. Using the system. This is done by interacting with and customizing the 
presentation objects. 

2. Viewing and creating rationales, making the application understandable. 
3. Adding new code as extensions to old. The new code is compiled or 

interpreted and eventually executed. 
The tailoring flexibility requires the end user to master a greater degree of 
computational complexity, but the levels make the transition from one level to another 
easier. [9] 

When transferring from use to tailoring all three parts of the application unit have to 
be reached from the user interface. The presentation object part serves as a handle. A 
handle accepts input from the user and forwards it to the application. Event handlers 
make this possible. An application unit has four event handlers. One event handler is a 
conventional event handler for normal use, while the other three are for tailoring 
activities. An end user may select between the different event handlers by pressing 
different keys (option, shift, ctrl, cmd) e.g. by holding down the ctrl key while 
releasing the mouse button at the top of the menu item, the implementation code 
beneath the menu item is shown. The following actions can be achieved by using 
event handlers: 

o Normal use-event. The functionality connected to the presentation object is 
executed. 

o Tailoring-event level 1. The values of the attributes of the presentation 
objects can be changed. 

o Tailoring-event level 2. The rationale linked to the presentation object can 
be viewed. 

o Tailoring-event level 3. The implementation code defining the presentation 
object can be inspected. 
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When evolving an application all three complexity-levels of an application unit might 
have to change. This corresponds to doing tailoring according to the three different 
kinds of tailoring listed in section 2 Tailoring and Variability Management, namely 
customization, integration and extension. Every application unit has three aspects 
corresponding to the three tailoring levels. Every aspect has to be addressed during 
tailoring because often the other two have to be changed while changing one of the 
aspects. [9] 

The language used in the application is the object-oriented programming language 
Beta. The syntax of Beta does not differentiate between a class, a definition of an 
attribute, structures of types or methods. They are all patterns. A pattern definition has 
an attribute part and an action part; these are mutually exclusive. The attribute part 
defines the properties and the action part defines a method that is invoked when the 
pattern is instantiated. Pattern-attributes can be virtual. This means that a pattern-
attribute can be extended in subclasses of the class in which they were defined. This 
makes extensions with no overriding possible. This is used to support tailoring level 3, 
extension.[9] 

4.2. Description of the System 
The application units have been used in a tool, BasicDraw, for creating and editing 
geometric shapes. BasicDraw is a tailorable generic drawing program. It has different 
tailoring tools embedded making it possible to extend BasicDraw into a specialized 
drawing program for some domain. As an example we assume that we want to make 
kitchen design. For this we need to extend BasicDraw to be make it possible to draw 
graphical symbols representing a sink, stove, refrigerator, standard sizes of appliances 
and cabinets etc. The tailoring is carried out in the three levels. The first level, 
‘customization’, allows the end-user to edit attribute values of application units with 
the aid of a presentation editor. The latter can be invoked for all presentation objects. 
Attributes that can be edited are, for example, height and width for shapes or titles of 
menus or menu items [9] i. e. we can make a special “kitchen menu” where we can 
place or special objects (sink, stove, refrigerato etc.) and set the height and width to 60 
cm as well as color the refrigerator square white.  

The next level of tailoring is integration. In BasicDraw it is possible to resize 
shapes in arbitrary pixel sizes, which is a problem in kitchen design where the 
modules come in fixed sizes. This spots new requirements that have to be 
incorporated in the rationale when implementing a new scale command. This will be 
helpful in future tailoring. Rationale components include representations from, for 
example, the kitchen design domain, modular arithmetic and programming. The 
representations are presented in rationale viewers. The new rationale can be created or 
copied from external sources and pasted into blank viewers. They are then saved 
together with the old rationale in the same resource file. Rationale grows continually 
because old rationale cannot be deleted. The design history is thus maintained.[9] 

The most extensive tailoring level is extension. From the user interface it is possible 
to access the existing graphical shapes and make new shapes by first copying and then 
modifying. A graphical shape is a class in the underlying Beta system. Here the user 
has access to all the methods defined in the class. The user renames the class, calling 
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it, for example, KitchenCabinet, and writes the extension code he need, in our 
example he can specify that the shape cannot become bigger than 60 cm. [9] 

The extension editor makes it possible to tailor the application by changing the 
program code during runtime. Inheritance and virtual binding in Beta can do this. The 
software components are encapsulated as a glass box. This exposes program code; the 
code cannot, however, be modified. [4] The new code is built on top of the existing 
code for safety reasons: none of the old code in BasicDraw may then be removed. The 
end user is not allowed to delete generic implementation code but can delete his/her 
own extensions. Extensions can be made to other extensions if necessary. The 
extension code is saved in an extension file. The new code is compiled and must be 
linked to the existing one before the application can be re-executed. The application 
units are to a large extent independent and can be tailored separately from other 
aspects; some application unit aspects are, however, also dependent on others. 
Changing one aspect may therefore require an update of other aspects or interfaces. [4] 

4.3. Summing up 
What tailoring levels are there? 

Answer: The above approach involves tailoring of all three levels: customization, 
integration and extension. But integration has a slightly different meaning to that 
intended in the previous approach. In Anders Mørch’s approach integration means that 
the rationale behind the change is captured and incorporated in the application unit. 
What kind of variability is implemented? 

Answer: Variability is achieved by adding code to the components and by 
inheritance, but also through setting parameters to accomplish changes in the user 
interface.  
What realization mechanisms are used? 

Answer: To carry out the changes the alterations have to be compiled. The 
adaptation is achieved during start-up. 
What features support the tailoring?  
Answer: A useful tailoring feature is that the application units are directly available 
through the user interface. The rationale is also of use because it describes the design 
decisions in a way that is understandable to the end user. It facilitates learning to tailor 
the application. The three levels of change are also usable tailoring features. 
Inexperienced end users can be content with customization and when they become 
more experienced they can inspect the rationale and progress to more radical changes 
of the application units. 

 
5. Search Tool  
In the following section a search tool is presented. This differs from the previous 
approaches in that it makes use of a predefined component model, namely JavaBeans. 
This system is also distributed, while the ContractHandler prototype and 
BasicDraw/KitchenDesigner are stand-alone applications. 

A research team at Bonn University is working with tailoring CSCW-systems. They 
have constructed a search tool that makes it possible for different users to tailor the 
presentation of search results, the handling of search results and the search space. The 
search tool is a part of the POLITeam-system, which provides electronic support for 
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the work of the German government in Bonn and Berlin.[5] The POLITeam-system 
provides for asynchronous document-based cooperation and shared workspaces in a 
virtual desktop setting. The project had a participatory approach and a number of 
requirements were materialized that could not be addressed by the tailoring 
mechanisms in the commercial groupware platform LinkWorks. Some of these 
requirements concern the LinkWorks search tool that was used to search for 
documents. The search window allowed the user to specify a number of search 
attributes and the result was displayed to the left in the window; the user could also 
select some documents and create links to these documents on his own virtual desktop 
by adding them to the list to the right. The opinions of the functionality of the search 
tool were diverse among the users. Some considered the tool too complicated with to 
many search attributes to fill in while others thought that it was good to have the 
option of filling in several attributes. The users also encountered a problem with the 
power of the search tool. The private virtual desktop was thought of as private while it 
was actually possible to find documents on someone else’s presumably private 
desktop. Some of the users also wanted to group their search results; the handling of 
the selected documents was also considered to be inflexible. Moreover, the 
requirements appear to alter over time and the change was quite short-lived and task-
dependent. This resulted in a construction of a component-based tailorable search tool 
that can meet the end users’ requirements. 

5.1. Implementation Techniques 
To construct the tailorable search tool a set of components was designed. There are 
attribute components, invisible components (search engine, result switches), button 
components and output components (result lists). The search tool is implemented 
using the JavaBeans component model. The JavaBeans interacts via events. The 
components depend on three kinds of events. Click events are used to transmit user 
commands from the graphical user interface, from button components to the search 
engine or to an output component. Attribute events transmit altered search attributes to 
the search engine. Result events are used to exchange search results, from search 
engine to result switch or result list, or from result switch to result list. [6]  

Of the set of components four different types are atomic: search engine (invisible 
component), result list (output component), result switch (invisible component) and 
control button (button component). The search engine, for example, is a complex 
component that embraces attribute components for the search specification and for 
database connections.[5]  

To be able to maintain the composition of specific components a derivative of the 
Darwin configuration language was used. Darwin was originally used to describe the 
structure of large distributed systems. However, in order to adapt the language to the 
search tool, it was simplified and resulted in CAT (Component Architecture for 
Tailorability). The CAT composition language allows specification of static, 
hierarchical compositions of components.[6] 

To be able to manipulate the internal representation and the connection to the actual 
application a simple runtime tailoring environment based on BeanBox was used; this 
is the IDE supplied by JavaSoft together with the JavaBean component model. The 
user interface and the mechanism for putting together the different components were 
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much modified. The new BeanBox shows those connections between components and 
ports which can be manipulated by the mouse. The modified BeanBox preserves the 
composition using CAT composition language; it depends on direct connections 
between components unlike the ordinary BeanBox that uses generation of code and 
compilation. The modified BeanBox has two interface modes, both the tailoring and 
the use mode. [6] 

5.2. Description of the System 
As mentioned above, the components have a graphical representation that the user can 
combine in different ways. The graphical representation visualizes the available ports 
as small circles. Filled circles indicate event sources or output while empty circles 
indicate the event listener or input. The color of the circle indicates if it is an attribute 
event, result event or a click event. The graphical representations are used in a 
compositional technique that allows the user to instantiate new components, link the 
different ports together, disconnect ports or remove instances. Component instances 
can be grouped into a composite component instance. This means that it is possible to 
view and manipulate a composition on different levels of complexity and abstraction 
which in many cases means that the number of components to combine is reduced. 
The complete search tool can be regarded as a composite component. Alternative 
search tool compositions can be selected from an extensible menu. This makes it 
possible for the end user to tailor the tool very rapidly. [6] Somewhat simplified, the 
search tool has the following functionality: The control button triggers the search 
engine and the search results are transported to a switch,; this switch has been 
customized to channel all documents that correspond to certain criteria, e.g. those 
found on the user’s own desktop, to one specific result list. Other documents that 
correspond to another criterion, found elsewhere, for example, are displayed in 
another result list. [5] 

The modified BeanBox also connects the representation of the composition to the 
actual search tool. This is done by the new BeanBox by reading a CAT-file describing 
the search tool at start-up. Proxy objects or “wrappers” are then created which manage 
a specific instance of a component. When the tailor mode is used these proxy objects 
offer tailoring by appearing as frames around component instances. When the tailoring 
operations are finished the proxy structure is assessed and the old CAT file is 
overwritten. There are two kinds of proxy objects: simple proxies that handle the 
atomic component instances, and complex proxies that handle compositions. Complex 
proxies can have children. All CAT-files are saved in a shared dictionary to make it 
possible for end-users to share search tool compositions. These CAT files can be 
selected as menu items in both the use and tailoring mode.[6] 

5.3. Summing up 
What tailoring levels are there? 

Answer: This last approach provides for tailoring levels as customization and 
integration.  
What kind of variability is implemented? 

Answer: It is possible to set parameters to customize the search. Attribute values 
are set for the search engine. But there is also a possibility to tailor a search tool by 
choosing between different alternatives or sets of alternatives. It is possible to use a 
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search tool that someone else has tailored and make some changes to it so that it suits 
the end users’ needs in a better way. This is a rapid way of carrying out tailoring. 
What realization mechanisms are used? 

Answer: When the end user has chosen some components he wants to use in his 
search tool, the component instances are wrapped in as a proxy object to manage the 
components. This is achieved by reading a file written in the composition language at 
start-up. The file consists of the configuration representing the set of components the 
end user has chosen and combined. 
What features support the tailoring?  

Answer: A tailoring feature in the search tool is a list of available components and 
previously configured search tools. The components are described and have a clear 
graphical representation that makes the configuration of a search tool similar to doing 
a jigsaw puzzle where it is possible to combine the various pieces in a variety of ways. 
A nice tailoring feature is to provide for a “gentle slope” of use. Inexperienced users 
do not have to be concerned with more than two types of components: a search 
component and a display component. When the end user becomes more experienced 
he only has to learn three new components (result switch, control button and result 
list); two of these (the control button and the result list) he is already familiar with 
because they are shown in the user interface when using the search tool. This makes 
for a smooth transition to more advanced use of tailorability. 

 
6. Comparison 
This section will provide a comparison of the presented applications to find out if 
there are some fundamental issues that is important to consider when designing for 
leaving the variability management to the end user. We will identify the similarities 
and differences in the area of implementation techniques, kind of variability and 
tailoring features. 

6.1. Implementation Techniques 
It is noticeable that all the approaches have component-based architecture. This may 
indicate that such architecture is preferable in tailorable systems. One can assume that 
this has something to do with the nature of the components. Components are among 
other things reusable, self-contained and replaceable. However, there are both 
differences and resemblances between the component implementation.  
In all three systems tailoring is done by composing the components but the complexity 
in how the composition is done vary, in the ContractHandler it is just the selection of 
which components to include.  In BasicDraw the symbol for a kitchen sink is 
constructed by several basic shapes but here also the relative position and size of the 
components must be given. For the Search Tool we have to connect the different 
components.   

In ContractHandler, the contract types are components composed by other 
components, the parameters. The contract types have no graphical representation as 
such but rely on the parameters to display themselves. The parameters have a 
graphical representation; this determines how the component is displayed. A 
combination of the parameter’s graphical representations forms a graphical 
representation for the composite component, the contract type. To integrate the 
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changes into ContractHandler the end user chooses parameter components; this 
configures the metaobject. The source code is automatically generated and compiled 
and the new contract type becomes visible in the base-level. The system is adapted 
during normal execution. 

Application units have graphical representation, but Mørch has also chosen to add 
the rationale to the component to describe and guide the end user while altering the 
appearance of the application unit. Just like in ContractHandler compilation is also 
used in BasicDraw/KitchenDesigner, but different to ContractHandler adaptation is 
achieved during start-up. 

In the search tool JavaBeans are chosen as a base for component development 
where the component has a graphical representation just like application units. 
Adaptation during start-up is also used in the search tool, but instead of compilation 
the chosen components are defined in a configuration file; by reading the file at start-
up, the chosen component instances are wrapped in as a proxy object that manages the 
components. 

What does this tell us? One thing is that the design decisions concerning the 
structure of the component are greatly related to, for example, how the component is 
represented and what interfaces are needed to facilitate change. In other words, 
independent of that all three applications implement the component structure in 
different ways there is a similarity: The implementation, manipulation and 
representation of the component are related to each other. 

6.2. Kind of Variability  
In conclusion we can say that while BasicDraw/KitchenDesign supplies tailoring by 
adding code to the application units, the component itself, the search tool in the 
POLITeam-system’ implements tailoring in a different way, by composing customized 
components. Our prototype implements tailoring by making use of a combination of 
both methods of implementation.   

The ContractHandler implements tailoring in two different levels: integration and 
extension. When composing a contract type we use integration as we choose between 
predefined parameter components and assemble the set in a contract type; extension is 
used to create the contract type itself. In other words, variability is provided by both 
changing the component (i.e. adaptation of the component) and by composition. The 
ContractHandler does not offer tailoring by customization while the other two do. 
Technically, the variability in ContractHandler is achieved by choosing among 
alternatives or a set of alternatives. The alternatives are persistently maintained by 
wrapping them into a class. Both the parameters and the contract types rely on 
inheritance for consistency. The parameters inherit an abstract super class that ensures 
that specific methods are implemented; when new contract types are created they 
always inherit an Event that ensures that certain parameters are incorporated in the 
contract type. 

BasicDraw/KitchenDesign involves tailoring at all three levels, but integration has a 
different meaning to that provided by the ContractHandler. In Anders Mørch’s 
approach integration means that the rationale behind the change is captured and 
incorporated in the application unit. But we also have a similarity between 
ContractHandler and the BasicDraw/KitchenDesign application, which also adds code 
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to the components and uses inheritance. However, Mørch also achieves variability 
through setting parameters that accomplish changes in the user interface. 

The search tool provides for tailoring levels as customization and integration. It is 
possible to set parameters, i.e. attribute values are set in the search engine, allowing 
customization of the search. However, there is greater scope for tailoring a search tool 
if one chooses between different alternatives or sets of alternatives. Another 
resemblance, between all three applications, is the ability to use one’s own designed 
components as a base for new alterations. This is a speedy method of tailoring. It is 
possible for the end user to use a component constructed or altered earlier and simply 
make some small additional changes to it to suit the altered requirements. In the 
search tool this issue is taken one step further. The system is distributed; it is thus 
even possible to use a tool that someone else has tailored and make some changes to it 
to suit it more closely to ones own needs. 

The different approaches are based on different design decisions about what parts of 
the system are to be adaptable. This result in different solutions concerning tailoring 
levels and realization mechanisms. The conclusion is that the fundamental design 
decisions are connected to what component techniques to use, what tailoring 
interfaces to implement and how to integrate help systems. 

6.3. Tailoring Features  
Tailoring requires tailoring features such as help system, documentation, visualization 
in user interfaces etc. In this area we notice some significant similarities between the 
applications presented. There are three areas which emerge from the comparison 
which must be regarded as essential tailoring features: 

Visibility of variation and the component structure are important irrespective of 
whether the person is an end-user or a software engineer, but the question in both 
cases is: How much and in what form? Because we are focusing on tailoring we 
concentrate on the end-user’s needs. In terms of composition or choosing between 
alternatives or sets of alternatives, the user has to know what alternative to choose 
from and how the components fit into the system.  

In the ContractHandler, visibility of variability is carried out in the meta-level. The 
inheritance hierarchy is displayed to make it easier for the end-user to choose 
appropriate contract type to extend. Which parameters can be added or altered is 
defined in the Events and shown to the end user through the dynamic user interface. 

BasicDraw/KitchenDesigner demonstrate a different way of displaying variability. 
Through the ordinary user interface the user can click on a presentation object when 
giving a special command, the application unit representing the presentation object is 
reached and the desired tailoring editor is displayed. When choosing the customisation 
level, the options for changing the application unit are limited, though the extension 
level permits more extensive changes; even here we have restrictions and help, 
however. The end user is limited to adding code. Old code cannot be deleted, and 
inheritance is used to steer the change in an appropriate direction. 

In the search tool variability is made visible by defining a set of component types 
that can be combined in different ways based on what input events and output events 
the component defines. The different component types and ports are shown in the 
tailoring interface.  



20 

Regarding the visibility of the component structure, the three approaches have also 
taken different line of action. In ContractHandler we have chosen to show the 
component hierarchy, allowing one to look at the structure of the components 
(attributes, methods etc.). In addition, it is possible to view the source code for all the 
created contract types because the files are available through the ordinary explorer.  

Anders Mørch has chosen to add rationale to his application units telling the end 
user about the structure and design decisions behind the component. It is also possible 
to view the source code through the implementation viewer at the extension level.  

The component types in the search tool are displayed in the interface. The different 
component types and ports have different shapes and colors to describe the 
component. This is at a higher abstraction level than the other two approaches but is 
more intuitive to use.  

The last joint area is different levels of change. All three approaches have 
implemented different levels of changes corresponding to the skill and experience of 
the end user.  

Also, in ContractHandler there are different levels of change, despite it is a 
prototype. As we have mentioned earlier the ContractHandler contains two tailoring 
interfaces in the meta-level: one that does not require any programming skill and 
another somewhat similar one that is a more advanced interface requiring basic 
knowledge of Java. We have limited the flexibility for the end user in the simple 
tailoring interface, but when the end user becomes more experienced or interested it is 
possible to use the more advanced tailoring interface and implement, for example, 
method bodies in a more complex way. The next level of change is to code the 
contract type by hand and put the file in the right catalogue.  

Just as in ContractHandler, there are different levels of tailoring in 
BasicDraw/KitchenDesign. The different levels require different levels of skill. An 
inexperienced user can be satisfied with customizing the presentation objects, but after 
a while he can view the rationale or the source code in the implementation viewer and 
add some code in the extension editor.  

In the SearchTool there is something called the ‘gentle slope’. This means that an 
inexperienced end user can begin tailoring the system at the most simple level and 
gradually become familiar with some of the components; the tailoring possibilities are 
subsequently increased by using more component types.  

Tailoring features are implemented in different ways in the three tailoring 
approaches, but significant similarity is that they all have the same overall theme for 
the tailoring features. They all have visibility of the variability, visibility of the 
component structure and different levels of change. The differences in implementation 
are generated by the differences in the design of components, how the components are 
represented, how the tailoring interfaces are designed and what techniques that are 
used.  

 
7. Conclusions and Open Questions 
The presented tailoring approaches shows how applications can be altered by end 
users. The end-user can change the system as soon as the need arises. This is what 
really makes tailoring a feasible way of managing variability. The needed alterations 
come into force immediately. There are not any middle hands.  
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As we have seen there are different ways of implementing tailoring. From the 
comparison above some similarities emerge and when taking the similarities into 
higher abstraction level some indications surface, indications of questions important 
to consider when implementing variability management in form of tailoring. 

Design decisions, like what parts of the system are going to be adaptable and what 
components to use initiate some related questions. When designing a tailorable system 
the designer has to decide how the basic units are going to be structures. Questions 
concerning design of components and representation of components arise. For 
example:  

o How shall the component be designed for change?   

o How shall the component be visualized?  
The designer also has to consider how the basic units can be combined or changes. We 
have seen that the three levels of tailoring can be implemented using different 
techniques and interfaces. These are areas the designer has to decide upon. Certain 
questions have to be answered. Questions like:  
o What implementation techniques will best support the alterations? 

o What tailoring interfaces are needed? 
Another area of significant importance to regard when designing tailorable systems 
are how to support tailors in the process of altering the application. We have seen that 
different levels of change are provided for in all three presented tailoring approaches. 
We have also seen that visible help systems are useful. Important questions to answer 
are: 
o What levels of change shall be prepared for? 

o What help systems are needed? 
Finally, this article has provided a comparison between three different tailoring 
approaches and indicated what is needed if variability management is to be left to the 
end user. However, there is still much research left to do to confirm and develop the 
articulated indications.  
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