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Sammanfattning 
Att definiera krav för en ny produkt är en väldigt viktig inledande del i 
mjukvaruutveckling. När produkten är ett program som genererar en annan applikation 
bli hanteringen av krav annorlunda. Normalt inkluderar denna process en dialog med 
slutanvändarna och kunderna. När man skapar ett program som genererar andra 
applikationer så är användarna av systemet dels de som använder programmet, men 
även de kunder som använder produkten producerad av programmet, och 
kravhanteringen måste skötas utan kommunikation med några av dem. I den här artikeln 
kommer några olika sätt att sköta kravhantering att undersökas, och det kommer visas 
hur väl de olika metoderna kan anpassas för denna typ av utveckling. Den här artikeln 
visar att en kombination av evolutionary prototyping och scenarios är ett effektivt sätt 
att hantera kravhantering vid denna typen av utveckling. 
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Abstract 
 
Defining requirements for a new product is a very 
important introductory part in software 
engineering. When the product is a program that 
generates another application, the way to handle 
the requirements engineering process is different. 
Normally this process includes a dialog with the 
customer, or stakeholder of the system. When 
creating a program that generates other 
applications though, the users of the system are in 
fact both the persons buying the program and the 
customers using the applications produced, and the 
requirements have to be defined without 
communication with any of them. In this paper, 
some different approaches to requirements 
engineering are investigated, and it will be shown 
how well they can be adapted to this kind of 
development. This paper shows that a combination 
of evolutionary prototyping and scenarios is an 
effective way to solve the problems encountered. 

1 Introduction 
The importance of requirements engineering can 
hardly be overrated. If this initial part of the 
development cycle is not correctly performed, the 
possibility of making a good product is reduced, 
even before writing the first line of the code. There 
are several ways of working with the requirements. 
Which way to choose is one of the first problems 
the developers have to solve. 
 
In traditional requirements engineering, the users of 
the system that is being developed are an important 
part of the process of defining requirements. The 
methods used are dependant on this fact, and 
techniques like interviews and question forms are 
used early in the development to gain an 
understanding of the domain. When developing a 
program that generates applications, this approach 
is not possible, since it would be impossible to 
identify the customers using the applications 
produced by the program.  This means that the 
management of the requirements will be different 
compared to traditional approaches.  
 
The work described in this paper will deal with the 
requirements engineering process and 

characteristics of this process when developing 
programs that generate or modify code. It will be 
investigated if the methods traditionally used in 
requirements engineering can be adapted in this 
case and what combination of methods/tools that 
should be used. The methods used in this project 
will be described and it will be shown how well 
they are suited in this kind of development. There is 
a great deal of material written in the area of 
requirements engineering, but almost nothing has 
been found regarding development of requirements 
without communication with the end-users. 
 
In this paper, the experiences made in a project, 
where me and two other students created an 
application that generated a web shop, are 
described. The paper is structured as follows. 
Section 2 describes the different kinds of 
requirements; section 3 describes the different parts 
of the requirements engineering process. Section 4 
describes some of the traditional methods and 
approaches used today and in section 5 
evolutionary prototyping is described. In section 6, 
some of the problems encountered during the 
development of the application and how they were 
solved are described. 

2 Requirements engineering 
The waterfall model, described among others by 
Sommerville [2] consists of five steps: 
 

•  Requirements definition 
•  System and software design 
•  Implementation and unit testing 
•  Integration and system testing 
•  Operation and maintenance 

 
In this model, requirements definition is the first 
step in the process. This means that every other step 
taken will be dependent on this one.   
 
Requirements engineering is the processes of 
finding, analysing, evaluating and documenting the 
services and constraints that denote systems. Linda 
A. Makaulay uses a quotation in her book [7] from 
Pohl, 1993: 
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“Requirements Engineering can be defined as the 
systematic process of developing requirements 
through an iterative co-operative process of 
analyzing the problem, documenting the resulting 
observations in a variety of representation formats, 
and checking the accuracy of the understanding 
gained”. 
 
As Pohl describes it, working with requirements is 
an iterative process, and this is supported by a 
number of other writers [2, 3, 8]. Considering this, 
the methods used in this process should be flexible 
and adaptable. This is also one of the guidelines in 
IEEE’s recommendation for software specification 
[5], where it is stated that the SRS (Software 
Requirement Specification) must be modifiable. 
The waterfall process is not generally used in the 
traditional, somewhat rigid way from start to end. It 
is still useful though when describing the 
importance of requirements, because it shows that 
every step in the development process is dependent 
on this first one. 
 
Why is the handling of requirements so important? 
In the article “Status Report: Requirements 
Engineering” [1] the writers summarize the answer 
to this question: 
 
“Without a well-written requirements specification, 
developers do not know what to build, customers 
do not know what to expect, and there is no way to 
validate that the system as built satisfies the 
requirements”. 
 
There are some characteristics of good 
requirements according to the IEEE standard for 
requirements specifications. They should be [5] 
 

•  Correct 
•  Unambiguous 
•  Complete 
•  Consistent 
•  Ranked for importance and/or stability 
•  Verifiable 
•  Modifiable 
•  Traceable 

 
Requirements are often divided into user, system, 
functional and non-functional requirements, and it 
is important to understand the difference between 
them when working with requirements. One reason 
for this division is that different kinds of 
requirements are used to communicate with 
different kinds of stakeholders [2]. 

2.1 User requirements 
User requirements are often a description of the 
services and constraints of the system made in 
natural language. They are described in a natural 

language so that users who do not have technical 
knowledge also can understand them. User 
requirements describe both the functional and non-
functional requirements and to make them easier to 
understand intuitive diagrams can be used [2]. 

2.2 System requirements 
System requirements are, compared to user 
requirements, more detailed descriptions of the 
system, and often work as a contract between the 
buyer and seller of the system. Models like 
sequential models or conceptual models can be 
used here to describe the system [2]. Since System 
requirements describe what the system is supposed 
to do, they are mainly concerned with the functional 
requirements. 

2.3 Functional requirements  
Functional requirements describe the functions and 
services that the system is supposed to provide.  
When used as user requirements they are often 
described in a general way, but when used as 
system requirements the description includes 
inputs, outputs, exceptions etc [2]. 

2.4 Non-functional requirements 
Non-functional requirements are often harder to 
define and validate. When used as a user 
requirement, a non-functional requirement can be 
“it shall be easy to use”. This requirement is by its 
nature very hard to verify. One way of making the 
verification of non-functional requirements possible 
is to try and break them down into measurable 
requirements. In this example, the measurable 
representation of the requirement could be “it shall 
take no longer than two hours for a new user to 
learn the basic functions of the system”. As soon as 
the concept of “the basic functions” is defined, this 
requirement is measurable and thus verifiable. 
 
Some non-functional requirements define the 
system as whole rather than individual features. 
This means that if such requirements are not 
fulfilled this is a very serious problem, since it may 
make the whole system unusable [2]. 

3 Different parts of 
Requirements engineering 

Requirements engineering is a process that is 
carried out in several steps. These steps are not 
always carried out one by one. Depending on what 
methods that are used, they are sometimes mixed 
together, and the process is also iterative. 

3.1 Feasibility study 
This is the starting point in the process of 
requirements engineering. There are some 
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important questions that need to be answered in this 
early stage of the project [2].  
 

•  Does the system contribute to the overall 
objectives of the organisation? 

•  Is it possible to implement the system 
using available technology and within the 
constraints defined by cost and time 
factors? 

•  Can the system be integrated with other 
systems that are already in use? 

 
All of these questions are critical for the rest of the 
development.  The first statement is very important, 
but can be difficult to answer if these overall 
objectives are not well specified [2]. The second 
question can also be very difficult to answer. If the 
developers do not have great knowledge in the 
techniques that will be used, they will have to do a 
lot of research to answer this question. This will 
however, from an economic point of view, probably 
be a lot more effective than the “trial and error” 
approach.  

3.2 Elicitation and analysis 
The traditional approach to requirements 
engineering is to think of it as elicitating, or 
collecting, the requirements from the users [7]. 
There are several different ways to do this, and 
some of them are described in section 4 of this 
paper. There are some parts however, that are 
common for all these methods.  
 
These are activities suggested by Nuseibeh, Band 
Easterbrook, S. in their paper [13]: 
 

•  Define system boundaries 
•  Identify stakeholders 
•  Identifying goals 

 
Sommerville [2] suggest that these activities should 
be performed:   
 

•  Domain understanding 
•  Requirements collection 
•  Classification 
•  Conflict resolution 
•  Prioritisation 
•  Requirements checking 

 
These two approaches complement each other, 
because both of them leave out some important 
parts. The activities suggested in [13] do not 
mention anything about prioritization of 
requirements, which is a very important task. 
Sommerville on the other hand does not mention 
the identification of stakeholders as a separate 
activity. Instead, he refers to the stakeholder in 
many of the activities (“Requirements collection”, 

“Conflict resolution”, “Prioritization” and 
“Requirements checking”) but since this is such an 
important task, it should be stated separately. 

3.3 Requirements validation 
Validation is the process of validating that the 
requirements elicitated provide an accurate picture 
of what the stakeholders want, or require [13]. 
 
The validation activity has much in common with 
the analysis part. Sommerville [2] separates these 
two parts by saying that validation should be 
performed using the complete draft of the 
requirements document. To be able to carry out this 
important step, the requirements have to be written 
in a verifiable way, as defined in [5]. 

3.4 Requirements management  
This part of the requirements engineering deals 
with the fact that requirements tend to change in 
time and that these changes have to be reflected in 
the documentation. This is a problem discussed in 
[13], where the writers addressed the problem of 
motivating companies to maintain the requirements 
document. They say that it is hard to justify 
spending resources to make a requirement 
specification “perfect”, because the developers will 
argue that there is no idea doing this since “it will 
soon change anyway.” This is why it is so 
important to use a model, which is easy to maintain 
and update. Otherwise, the effort, time and 
resources spent on managing the documents will 
indeed be out of proportions. 

4 Requirements engineering 
methods 

Requirements engineering is considered to be 
multi-disciplinary because it is deploying many 
different techniques and tools [13]. Linda A. 
Macaulay [7] uses the term “portfolio” and writes 
that every requirements engineer should have a 
portfolio with different techniques, since different 
situations will require different ways of solving the 
problem. This section of the paper will describe 
some of the most common techniques available in 
this area.  
 
These methods are adapted first and foremost to use 
in traditional software engineering. In that kind of 
development, requirements engineering is a process 
of its own, where all the requirements are elicitated, 
validated and documented before the development 
of the program starts. 
 
Since the systems then are built from this 
specification, this means that if it is not made 
according to the different characteristics defined in 
IEEE Guide to Software Requirements 
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Specifications [5] (see section 2) the cost of 
repairing this later in the process can be very high. 
This means that the methods used to handle 
requirements in traditional development processes 
have to be very detailed and extensive. 
 
In general, requirements engineering methods 
combines the different tasks of requirement 
engineering described in section 3. They have, 
however, different advantages to these different 
steps.  

4.1 Interviews 
The use of interviews is not really a requirements 
engineering method, but rather a tool used in this 
process. However, since it is an important part of 
all of the methods investigated in this paper, this 
section is used to briefly describe the use of this 
tool. Later in this paper, some of the problems of 
not being able to use interviews in the process are 
described (see section 6.5.1). 
 
Interviews are a common way of elicitating and 
valuating the requirements and demands of the 
customers. Roger S. Pressman [14] wrote that the 
requirements analysis always starts with the 
communication between the customer and 
developer of the system. As described in this paper, 
this does not always have to be the case, but the 
importance of interviews should not be 
underestimated.  
 
Interviews as a tool are in most cases used during 
the first, second and the third faces of the 
requirements engineering process (see section 3.1, 
3.2 and 3.3), and the people participating are the 
developers and stakeholders. As with all methods 
and tools, interviews are no better than the people 
using them. If the person that designs or performs 
the interviews makes mistakes, the result of these 
interviews can become misleading and maybe cause 
more harm than good. This fact states that it is 
important that competent persons perform this 
work. 
 
To design and perform interviews is not easy. One 
pitfall is that it is natural for the developers to 
interpret an ambiguous requirement to simplify its 
implementation [2]. This could mean that the 
developers implement a much smaller and less 
complicated feature than the customer expects, just 
to be able to finish the project in time and claim 
that all specifications has been implemented.  
 
This means that the questions have to be formulated 
in a way that the answers will not be ambiguous. If 
the interviews are correctly performed, the 
specification will define exact how detailed and 
advanced the feature requested shall be. 
 

Another problem is to get the users to express what 
they really want the system to perform. 
Sommerville describes some of these problems in 
the interaction with the stakeholders [2]: 
 

•  Stakeholders do not always know what 
they want from the system, and the 
demands they have are often expressed in 
general terms 

•  Stakeholders and system engineers can 
have problem understanding each other. 
This can be due to the fact that the 
stakeholders use implicit knowledge when 
defining the requirements 

•  Stakeholders may make unrealistic 
demands since they are unaware of the 
costs of their demands. 

4.2 Goal-driven approach 
This method has some characteristics that make it 
useful in the feasibility study when the general 
goals are defined and the domain is documented. 
  
Goal-driven approach focuses on the goals of the 
system, and how it is desired to work, rather than 
how the current situation can be improved. SSM 
(Soft Systems Methodology) is a method that is 
based on this approach, and it also supports the 
analysis of the problem domain from different 
viewpoints [7]. The SSM method uses a root 
definition called CATWOE. This stands for 
Customer, Actor, Transformation, Weltanschauung 
(World-view), Owners and Environment [17]. 
 
This method focuses on understanding the domain, 
and uses rich pictures to describe this domain. A 
rich picture is a picture of the environment made 
easy to understand by using intuitive pictures of the 
real world. This picture is then used to define the 
different elements from the root definition 
(CATWOE). The next step in the process is to use 
the root definition to create a conceptual model of 
the domain. Conceptual models are a more detailed 
and formalized way of making a rich picture, and it 
is very useful where the domain of the problem is 
unclear and not fully understood [7].  
 
Since this method uses normal language and 
pictures to describe the domain and the program it 
is very useful if the domain where the program is 
created is not fully understood. Pictures are easy to 
understand and the persons involved in the project 
can intuitively gain an understanding in what the 
role of the program will be. Therefore the goal 
driven approach is a suitable method in the 
beginning of a project. The method of gradually 
defining the system more and more in detail using 
pictures and models is an effective way of 
describing systems. This is perhaps more useful in 



 Requirements Engineering in Programs that Generates Applications 
 

 9

development of more complicated and larger 
system than the one described in this paper.  

4.3 Scenarios and use-cases 
Scenarios is an effective method to elicitate and 
documenting requirements. This means that 
scenarios are often used in the second face of 
requirements engineering (see section 3.2) but it 
also supports the management of the requirements 
(see section 3.4) because when the scenarios are 
defined, this becomes part of the documentation of 
the program. 
 
Scenario based techniques where use-cases are used 
have gained more and more attention lately [11]. 
According to a paper written by Annie I. Antón, 
John H. Dempster and Devon F. Siege [21] the use 
of scenarios is a way to “stimulate thinking” in 
several disciplines such as Human Computer 
Interaction (HCI), software engineering and 
organizational process design. 
 
When using scenarios the developer decides in what 
way the outside world shall be able to interact with 
the system [12]. Every such interaction is then 
defined as a scenario. When this is done, the 
system’s response and behavior to every interaction 
is defined. In that way, a collection of requirements 
is gathered that shows what the system is supposed 
to do. 
 
The developers are free to decide how a scenario 
should be described, but there are some guidelines 
to follow [2]: 
 

•  A system state description at the beginning 
of the scenario 

•  A description of the normal flow of the 
event, what is supposed to happen? 

•  A description of things that can go wrong 
•  Other activities that might go on at the 

same time 
•  The state of the system after the scenario is 

completed  
 
The system state description at the beginning of a 
scenario is also called pre-condition of the scenario. 
This pre-condition describes the conditions that 
must be fulfilled for the scenario to start. For 
example, the pre-condition for the scenario “buy 
product” would be that “at least one product is 
added to the shopping-cart” The normal flow 
describes what will happen if the user fulfils the 
scenario as s/he was supposed to. If the user for 
some reason chooses to abort the scenario, this 
would be described as an alternative flow, or as 
what can go wrong.  
 
Using Use-cases is a technique used to elicitate and 
document requirement. This technique is based on 

the idea of scenarios [2], and the way of describing 
interactions is the same in many ways. Use-cases 
are a fundamental part of the UML notation, and 
are suitable to describe object-oriented systems [2]. 
The terms “use-case” and “scenario” are sometimes 
used as synonyms and sometimes the definition of a 
scenario is that it is a realization of a use-case [11]. 
In this paper, the term use-case is used as a way of 
describing scenarios with diagrams. 
 
The basic parts of a use-case diagram are the Actor 
and the use-cases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 Example of a simple use-case diagram. 
To be able to search, the actor has to be logged in 
first. This is shown as the Extends-arrow in the 
diagram. 
 
The use-case diagram can also describe 
relationships between the scenarios as shown in 
figure 4.1. Since a user has to be logged in to search 
files, this is shown as a dependency arrow between 
the use-case Login and Search. This way it is 
possible to show which use-cases, or scenarios, are 
depending on others. This becomes a kind of 
ranking of requirements, and this is very useful 
because it shows what features that have to be 
mplemented before another feature can work. 

se-cases are used to give a “bird’s eye view” of 
he basic functions of the system [4]. The non-
unctional requirements are not, however, possible 
o describe using scenarios or use-cases. The reason 
or this is that use-cases describe what the user shall 
e able to do with the system. The nature of the 
se-case is thus functional, such as “Login”, “Add 
roduct” etc. A Requirement like “shall be easy to 
se” is not an action that the user can perform and 
herefore not possible to include into diagrams of 
his kind.  

.4 Viewpoints 
iewpoint-oriented elicitation is a method used to 

tudy the system from different viewpoints. The 
dea is based on the fact that since there are often 
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different kinds of stakeholders and end-users the 
viewpoint approach gives a more correct 
understanding of what the system shall do. This 
method is quite flexible, and there are several 
different kinds of viewpoints. When defined, every 
viewpoint is assigned properties called concerns. 
Concerns can be thought of as main goals for that 
specific viewpoint. These concerns are then used to 
extract and define requirements [16]. 
 
One of the main functions and reason to use 
viewpoints is to discover conflicts among 
requirements put front by different stakeholders [2, 
16]. 

5 Evolutionary prototyping 
Like the waterfall method, evolutionary prototyping 
is a development method that is concerned with the 
whole process of development and not only the 
requirements engineering part. In traditional 
software engineering, all the requirements are first 
defined and analyzed, and the system is then built 
according to this specification. Evolutionary 
prototyping does not work this way. Instead, the 
requirements evolve during the development of the 
prototype.  
 
The nature of the method makes it very suitable for 
working with requirements, because the users are 
involved in a different way as compared with the 
traditional developing methods. In prototyping, the 
users are able to test the prototype, and by doing so 
they can give valuable feedback to the developers. 
Therefore, prototyping is a part of the requirements 
engineering process [2]. 
 
In contrast to throw-away prototyping, where the 
prototype is not used in the final system, 
evolutionary prototyping is done by the 
presumption that the prototype shall be used in the 
complete application [2]. 
 
It was Boehm who introduced the concept of 
prototyping into software engineering with his 
famous spiral [6]. The evolutionary prototyping 
model is based on this idea of gradual refinement 
into the final product.  In evolutionary prototyping, 
communication with users is also important, but it 
is done in a differently way compared to traditional 
approaches such as for example the waterfall 
model. First, this communication is based on the 
fact that the users can see and try the system out. 
Second, the complete requirements work is done 
later in the development process, since the 
prototype has to be developed before the customers 
can give good feedback.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 Evolutionary prototyping [20]. The first 
step is to develop the abstract specification. The 
development of the prototype continue until the 
system is adequate 
 
Figure 5.1 shows the main events in evolutionary 
prototyping. The iterations between “Build 
prototype system” and “Use prototype systems” 
continue until the system is adequate and finished. 
 
The possibility to create a prototype in a short time 
is today more and more supported considering the 
new high level programming languages like C# and 
Java. This makes the development of prototypes 
easier because the language system includes 
facilities that normally have to be built using 
constructs that are more primitive in other 
languages like C [2]. Another example of a tool that 
supports the prototyping approach is Glade, which 
is a free interface building program released under 
the GNU General Public License (GPL). The 
program is a tool used to create interfaces. It allows 
the user to do this with “drag and drop” features, 
which is an intuitive and easy way of working. It 
saves information about the created interface in an 
xml-file, which is then used when the program is 
created. This means that a basic prototype can be 
created very fast, and this way the users can give 
feedback to the developers early in the development 
process. Information about this product can be 
found at glade.gnome.org. 

5.1 Pros and cons of evolutionary 
prototyping 

Evolutionary prototyping is an effective way to find 
and valuate requirements, and it is very useful to 
elicitate a collection of consistent and correct 
requirements for the system early in the process [3]. 
This gives the opportunity to discover the 
possibilities and constrains of the system.  
 

System 
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Develop abstract 
specification 

Build prototype 
system 

Use prototype 
system 

Deliver system 

Yes

No
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A software prototype in fact supports two parts of 
requirements engineering at the same time, 
requirements elicitation and requirements 
validation (see section 3.2 and 3.3). Requirements 
elicitation is supported by the fact that users have 
the chance to test and experiment with the 
prototype, and by being able to early see, what 
services are required to support their needs. 
Requirements validation is supported because the 
users or developers see which of the functions that 
do not work as expected or which functions are 
unnecessary [2]. Thus, prototyping allows early 
revising of these requirements so that they in a 
better way describe the context or domain they are 
supposed to describe. 
 
Another reason for using prototyping, and perhaps 
the most important one, is that it gives the 
developers an understanding of the problem domain 
[10]. By developing the prototype, the people 
involved in the project learn what can be done and 
what constraint they have to overcome. 
 
In the introductory part of the development, 
evolutionary prototyping is not as dependent on 
end-users as other methods are. It is possible to 
elicitate the basic requirements and develop the first 
prototype without communication with the end-
users. This is described in a paper written by Wolf-
Gideon Bleek, Martti Jeenicke and Ralf 
Klischewski where initial requirement for an e-
commerce site were defined without the end-users 
[8]. 
 
However, prototyping must never be an excuse to 
ignore the needs and requirements of the users. This 
is extremely important when developing programs 
under the circumstances where communication with 
the customers is not possible in the beginning of the 
project.  The developers are not free to “do as they 
please” just because there is no one giving them 
clear directives in what the needs are. Instead, the 
developers must think of it as a disadvantage that 
they cannot ask the users for directions. With this 
approach, the question of how to solve this problem 
is raised. It is important that the focus on the 
persons that will use the program is never lost, and 
that the developers are aware of this.  
 
One of the disadvantages with prototyping is that it 
can generate maintenance problems [2]. This is 
described in section 5.2.4. 

5.2 Evolutionary prototyping vs. 
traditional requirements engineering 

The different steps in requirements engineering 
described in section 3 are also carried out in 
evolutionary prototyping, but not in the exactly 
same way. The rest of this section will explain how 
the different steps of requirements engineering (see 

section 3) are carried out in evolutionary 
prototyping. 

5.2.1 Feasibility study 

Some of the questions that should be asked in the 
feasibility study are answered when using 
prototyping. These questions are described in 
section 3.1 and are often crucial for the system. 
During the development of the prototype two of 
these questions are answered; “Is it possible to 
implement the system” and “Can the system be 
integrated with another system that is already in 
use?” There is, however, no complete feasibility 
study performed before the development of the 
prototype starts, since one purpose of the prototype 
is to investigate the questions normally asked in the 
feasibility study.  
 
The basic goals and design of the system must be 
defined before the development of the prototype 
can start. In evolutionary prototyping, this is 
performed in the first step, “Develop abstract 
specification” (see figure 5.1). This step is 
accordingly correspondent in many ways to a 
feasibility study.  

5.2.2 Elicitation and analysis 

In evolutionary prototyping, this step is performed 
both when the prototype is developed and when the 
users try it out. This is when the users can give 
feedback to the developers and express what 
functions they are missing or which functions they 
find unnecessary. This is one great advantage with 
prototyping; since the users are involved in the 
process, it is more likely that they will get a system 
which will meet their requirements and they also 
get more committed to the system. This will make 
them more willing to help the developers make the 
system work [2]. 
 
One part in requirements elicitation and analysis is 
prioritization [2] of requirements. In evolutionary 
prototyping this is very important, because only the 
most basic and critical requirements should be 
implemented early in the prototype.  
 
There is not really any support for ranking 
requirements depending on their importance in 
evolutionary prototyping. To handle this, other 
methods can be used such as scenarios and goal-
oriented approach (see section 4.3 and 6.5.2).  

5.2.3 Validation 

Validation in traditional development means 
checking that the system conforms to its 
specification. Since there is no such specification in 
evolutionary prototyping, validation is made in 
another way. This means that the system, or 
prototype, is tested so that it is adequate, i.e. that it 
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is good enough for its intended purpose [2]. This is 
done in the step “system adequate?” (see figure 
5.1). Validation is very well supported in 
prototyping, because this process is facilitated by 
the fact that the users can see and test the product.  

5.2.4 Management  

In evolutionary prototyping, management of 
documentation is also handled in a different way 
compared with the traditional development. Since 
the prototypes are developed quite fast, it would not 
be cost-effective to produce a large amount of 
documentation [2]. 
 
This means that when using evolutionary 
prototyping, the role of documentation will not be 
as important as it would be using other methods. 
Instead, the developed prototype becomes a kind of 
documentation and specification of its own which 
describes the requirements for the product. 
Sommerville [2] wrote that when using 
evolutionary prototyping there will not be any 
detailed specification produced, and sometimes 
there will not even be a formal requirements 
document.  
 
To explain this, it is important to understand what 
purpose a requirements document normally has in 
traditional development. This is a document that is 
being created in collaboration with the stakeholders 
and users of the system, and one of the important 
purposes with it is to use it when validating (see 
section 3.3) the system. It also works as a contract 
between the developer and buyer of the system, 
because it defines what the system is supposed to 
do [5]. In prototyping, both these activities are 
performed using the prototype of the system, which 
in that way act as the SRS (Software Requirements 
Specification). 
 
One problem with prototyping is that the continual 
changes tend to corrupt the structure of the 
application [2]. This could cause some serious 
maintenance problem if the system is large or 
complex. It is therefore important to find a way of 
handling the documentation of the system. This 
way the maintenance of the system will be easier in 
the future, and this could have some major impact 
on the total costs of the program.  
  
As described later in this paper (see section 6.7) 
documentation is also useful because it will be 
helpful during elicitation of new requirements and 
it will simplify the introduction of new persons in 
the project. 

6 Requirement engineering in 
programs that generates 
applications 

As a particular case of requirement engineering, 
this paper considers an application that generates 
web shops. Some of the solutions implemented in 
this application would most likely have been 
implemented in another way if the purpose of the 
program had been to make a commercial product. 
In other words, the solution of the program has 
been made in a way that helped the authors 
investigate some specific issues. Marcus Ankar 
describes in his paper the problem of making this 
kind of application reliable [18]. Niklas Röstberg 
deals in his paper with the issue of sending 
graphical objects, such as buttons and textboxes, 
between software components allocated on separate 
computers [19]. He also explains how events can be 
handled in this particular case.  

6.1 Terms 
Application is in this paper referred to as the whole 
concept, both the program (client and server) and 
the produced product, the webshop. 
The program is referred to as the server and client 
together.  
Users are referred to as the persons using the 
program to generate a webshop. 
Customers are referred to as the persons using the 
webshops produced.  

6.2 The application 
The program consists of two parts, a client and a 
server. The client is used to gather the information 
from the user necessary to create his personal 
webshop. This information is then sent to the 
server, which inserts this information into an XML-
file. The webshop, i.e. the asp-files,  then use the 
XML-file to reflect the settings made by the user. 
 
All the files used by the server are templates. These 
templates are the xml-file used to configure the 
webshop, the asp-files that the webshop consists of 
and a database to store information about the 
different products. Together, these templates define 
the whole webshop.  
 
Shown below is a small part of the template XML-
file. The server receives information from the client 
and inserts this information in the XML-file. 
 
<CompanyName></CompanyName> 
  <Address></Address> 
  <Phone></Phone> 
  <Email></Email> 
 
The ASP-files are static and are never changed. All 
the information needed to create a webshop adapted 
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to each user is stored in the XML-file. The database 
is preset with the columns “Id”, “Name”, “Price” 
and “Category”. The advantages of using templates 
in this kind of development are described in section 
6.4.1. 
 
Figure 6.1 shows the main idea behind the 
application. Other tasks performed by the server are 
to create a directory for the customer and copy the 
template files into this directory. In this way, the 
original template files are never changed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1 The basic parts of the application. The 
server creates an XML-file using the information 
sent from the client. This XML-file is then used by 
the webshop to adapt the webshop to each user. 
 
Following is a list of the problems and questions 
that were encountered during the development of 
the application. 
 

•  How to define requirements for unknown 
end-users or customers? 

•  What is the relationship between the 
requirements for the final product and the 
requirements for the program creating it? 

•  When defining the requirements, what is 
more important: That the buyer of the 
program is satisfied or that the customer 
using the product produced by the program 
is satisfied? 

•  When creating this kind of programs, some 
of the requirements engineering is actually 
transferred to the buyer of the application 
generator. Is it the developer’s 
responsibility to prevent the buyer from 
being able to make a bad end product? 

•  In what level shall the requirements be 
defined and how shall they be 
documented. 

 

Some of these problems are very much related to 
the experiences made during the development of 
this application, and may not be applicable to all 
programs that generate code. 

6.3 Selected methods  
 As described in section 4, the best solution in many 
cases is to use a combination of different methods 
to achieve the best result. All of the methods 
described in section 4 have efficient ways to 
address the problems of requirements engineering. 
Many of them are however quite complex and using 
those in a relatively small project such as this 
would result in a lot of overhead. Also, if there is 
no possibility to communicate with the end-users 
(customers) this will limit the choice of methods 
even further, since many of them are based on 
interviews and interactions with end-users.  
 
When developing the application described in this 
paper the evolutionary prototyping approach was 
used both for the web shop and the program that 
generates it. Evolutionary prototyping is a 
commonly used technique for development of e-
commerce applications and web-site development 
[2]. 
 
Prototyping, as other methods used in requirement 
engineering, is not supposed to be used without 
communication with users. For several reasons, 
which will be described later in this paper, this is 
however the method that is best suited to use if the 
users of the system are unknown at the start of the 
project. This is the main reason for choosing the 
prototyping approach in this project. The other 
methods investigated are very focused on the 
interaction with customers early in the process. 
 
Scenarios is a method that has been used in this 
project, especially when defining requirements for 
the webshop. When this method was combined with 
the reuse approach it was found to be an effective 
way of defining the first and basic features of the 
system. The reuse approach, as referred to in this 
paper, is when the developers investigate other 
applications similar to the one being developed, and 
see what kind of features those applications have. 
How this works is described in section 6.5.1. 
 
Considering applications that generates code or 
other applications, the viewpoint approach is 
interesting because there would be two very 
obvious viewpoints. These viewpoints would 
logically be divided into the users of the program 
and the customers of the applications produced by 
this program. If these two viewpoints would be 
defined and the concept of concerns would be 
added to each viewpoint this would cover the 
requirements for both the users and customers. 
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There are however three main reasons why the 
viewpoint approach was not used in this project.  
 

•  There were no situations found where the 
users and customers would have 
requirements that would be in conflict with 
each other. The main goal with the 
application is to produce a good webshop. 
If the program succeeds in doing so, both 
the users and customers will be satisfied.   

•  The users and the customers would be 
using different kinds of applications. This 
is not really how viewpoints are supposed 
to work, since the idea is to gather 
requirements for the same product and 
then compare the requirements defined 
from the different viewpoints.  

•  Viewpoints are defined in collaboration 
with the users, since they often represent 
the different viewpoints. This is not 
possible when the users are unknown. 

 
The goal-driven approach was not used either in the 
project. The main reason for this is that this method 
is based on close relations and cooperation with the 
customers, since they are the ones describing the 
domain that will be modeled. Therefore it is not 
appropriate to use when the end-users are unknown. 
 
The following sections will more profoundly 
describe the different problems and questions 
encountered during the development of the 
application. This description will be made using the 
different steps in the requirements engineering 
process, because some of the problems encountered 
during the project are more related to specific steps 
in this process than others.  

6.4 Feasibility study 
As described in section 5, the purpose of the 
prototype is to answer the questions normally asked 
in the feasibility study. The first step in 
evolutionary prototyping is therefore more related 
to creation of an abstract specification of the 
system. In this first step, the basic functions and 
design of the system are defined. Requirements that 
are more specific are then elicitated during the 
development of the prototype, but this initial part of 
the process is very important because it shall 
specify some of the most important requirements 
for the system. 

6.4.1 Basic design of the application 

 When the abstract specification for the application 
was defined it became clear that in practice the 
requirements would have to be defined for two 
different products. The webshop itself, created as a 
template, and the program made to modify this 

template would both have to be developed 
separately. 
 
There are several reasons why the webshop was 
created as a template.  
 

•  This solution allows more control over the 
end-product and possibilities to influence 
the reliability of it as described in section 
6.6.2  

 
•  There is no need for the program to create 

the code for the webshops since this code 
will never change. The webshops use the 
xml-files created to receive information 
concerning appearance, information about 
the company etc.  

 
•  This approach made it possible to define 

the requirements for the webshop and the 
program individually. This is important 
because the users and the customers will 
use different products.  

 
•  If the webshop had been defined in the 

code of the program this would have made 
it hard to test the webshops before the 
program was ready and could produce 
them. 

 
Software products like Microsoft FrontPage and 
Visual Studio .NET do not use templates in the 
same way as the application in this project does, i.e. 
where a lot of code is already defined. However, the 
idea of defining requirements in two different 
components is not very different in that kind of 
programs and the one described in this paper. If for 
example the function of adding a text field shall be 
developed in an HTML-generator, the HTML-code 
has to be defined and implemented into the 
program.  
 
In other words, if the user pushes the “add text 
field” button, there should be code looking 
something like the example below added to the 
html-page: 
 
<P ALIGN=”RIGHT”><STRONG> 
<FONT SIZE=”-1” FACE=”arial”> 
E-Mail: 
 </FONT></STRONG></P> 
<P><INPUT NAME="email" SIZE=30></P> 
 
This means that in the example with an HTML-
generator, the requirement is defined from the fact 
that an HTML-page produced by the program 
should be able to contain a text field. Then the 
requirements for the program can be defined to 
fulfill that requirement, and the HTML-code added. 
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The difference between these kinds of applications 
and the one described in this work is that all the 
code necessary for the webshop is already defined 
in the templates and not in the program itself. In the 
program described here there was no need to place 
this kind of logic in the program. The program was 
only supposed to collect information needed to 
create a webshop adapted to each customer and 
save this information into an xml-file.  
 
At the start of this project, it was unclear what roles 
and relationships the program and the end product 
produced would have to each other. This is a 
question that becomes clearer as the prototypes 
evolve, and it was soon found that even if the 
prototypes were developed in separate processes, 
these processes were very much dependent on each 
other.  
 
In a way, some of the requirements for one 
prototype became a feasibility study for the other 
one. If, for instance, new functionality were defined 
for the webshop, it was investigated if this new 
functionality should be manipulated or configured 
in some way by the program. This is described 
more in section 6.6.1. 
 
The following sections describe some of the 
problems encountered in the development and some 
suggestions on how to deal with them.  

6.5 Elicitation and analysis 
This part of the paper will describe how the first 
basic requirements were defined and how these 
requirements were ranked. 
 
In this project, there were no possibilities to 
communicate with neither the buyers of the 
program or the expected customer on the produced 
web shops.  
 
To be able to define the first requirements, the 
developers must act as customers themselves in this 
case. There is a risk with this way of work, because 
it is hard to define what requirements the future 
customers might have. It is also a risk that the 
developers choose to just implement the easy 
features of the system.  
 
As will be described later in this paper, one way of 
retrieving good requirements in this situation is to 
see how other, similar programs are built. This way 
the basic requirements can be defined. 

6.5.1 Defining requirements for unknown 
customers 

Almost all traditional approaches in requirements 
engineering assume that there are customers or 
other stakeholders to communicate with. This 

approach has however been forced to be revised in 
the past years, when for example general-purpose 
web based applications were more generally 
developed and used. If a company or a person 
orders a web shop, the traditional approach still 
works in part. The developer can get plain terms of 
reference from the customer in how to develop the 
design, what functions should be included etc. But 
the problem with the end-users still exists. In some 
situations this problem can however be solved by 
using “user profiles” if such are defined for the type 
of customers the company expect as visitors on the 
site. It is still hard though to anticipate what the 
end-users need.  
 
James Robertson wrote in his article [15] that he 
thinks that there sometimes was too much focus 
placed on the end-users in requirements 
engineering, and that the developers should try 
“inventing requirements rather than expecting 
customers to ask for them”. James has got a good 
point here: new ideas are seldom born by asking 
people what they want, and as described in section 
4.1 the answers given by the stakeholders are not 
always describing their actual needs. 
 
Wolf-Gideon Bleek, Martti Jeenicke and Ralf 
Klischewski described the problem of defining 
requirements for unknown users in their paper [8]. 
In their case, the product created was an e-
commerce site, and they found that it is very hard to 
use any users to define the requirements. This 
means that the developers themselves have to 
anticipate and define the initial and fundamental 
requirements for the system.  
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Figure 6.2 Different kinds of stakeholders. Users in 
this figure are those using the application to 
generate webshops.  Customers in this figure are 
those using the webshops produced by the users. 
The developers have no contact with the customers, 
but still have to produce an application that makes 
it possible for the users to satisfy their customers. 
 
Figure 6.2 shows the problem of defining 
requirements for different kinds of users and 
customers. There is no possibility to predict what 
kinds of customers will visit and use the webshops 
produced by the users.  
 
For the users, i.e. the buyer of the system, to be 
satisfied, they must be able to satisfy their own 
customers by using the product and produce a good 
webshop. This means that to be successful in the 
project, not only the users of the system have to be 
satisfied, the needs of their future customers also 
has to be taken into consideration. Therefore, the 
requirements have to be defined considering two 
different kinds of users. As described in section 6.4, 
one solution to this was to create the webshop as a 
template. This way it is possible to define 
requirements more precise for the two different 
kinds of users, i.e. the users of the application and 
the customers of the webshops. 
 
To support communication with users, two 
requirements were early defined that had to do with 
the communication with users later on. 
 

•  A feedback form should provide the users 
of the webshop with the possibility to 
express their opinions about the shops 

•  The possibility of making updates of the 
program quickly as a response to this 
feedback. 

 
The first feature makes it possible for the customer 
to give feedback such as suggestions on possible 
improvements or complaints. This is a very 
important part of the process, since this feedback is 
meant to compensate for the interviews that were 
not possible to perform. This is also the main 
purpose of creating prototypes. They are developed 
according to the basic requirements, and during the 
evolvement of these prototypes, more and more 
detailed and specific requirements are defined when 
the customers are discovering errors or are missing 
some features  
 
The second requirement deals with the possibility 
of being able to update the functions on the clients 
by just updating the server. This idea, or feature, is 
very well fitted to the evolutionary prototyping 
approach, and it gives it a somewhat new 
dimension. If the client that the customers use to 
build the webshop can be updated remotely in this 
way, this would mean that the developers could 
respond very quickly to any requests for new 
features or other improvements to the program. The 
idea is that the clients will not have to be replaced, 
or updated, because they retrieve their functions 
and features directly from the server (like a very 
thin client). Niklas Röstberg describes how this was 
implemented in his paper [19].  
 
The advantage of being able to respond quickly to 
customers needs is valid both for the program and 
the webshop. This means that it is possible to 
implement or change requirements regarding 
features that are more advanced on the webshops, 
for example security issues. This is a great 
advantage to the customer, because this means that 
that kind of problems are not of his concern. 
 
Defining the first requirements is often the most 
difficult task. In this project, it was not clear which 
part of the application would be best to start with. 
In this case it is important to return to the 
fundamental question used in requirements 
engineering: “What is the system supposed to 
achieve?” The answer to this question gives 
guidance to where the initial defining of 
requirements should start. Considering this, it is a 
good idea to start defining the basic requirements 
for the final product produced by the program. If 
the program somehow produces a product that does 
not fulfill these initial requirements the purpose of 
the whole application has failed. This is a very 
important idea, which in fact means that these 

Produce Produce 

user 1 user ..n 

customer 1 customer ..n 

Developers 

Application 

Webshop 1 Webshop  .n 

customer 2 
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requirements will be the most essential ones for the 
entire project. This is the main reason why these 
requirements should be the first ones elicitated and 
defined. Doing so, the risk that they would perform 
work on unnecessary features will be minimized. 
The only way to retrieve real and valuable feedback 
is to make the prototype public and let the 
customers give their opinion [8]. 
 
One way of getting started is to “reuse” 
requirements from already implemented and 
operational applications. This means that the 
developers investigate what functions similar 
products have and use this knowledge to define the 
basic feature of their own product. There is no 
reason to “reinvent the wheel”, and when these 
basic requirements were defined for the webshop 
there were many possible stores to investigate.  
This is an effective way of elicitating the first, basic 
requirements and using this approach it is almost 
certain that the basic, functional requirements are 
captured. The store used most frequently in this 
project was www.ginza.se.  
 
When investigating structures of these web sites, 
the basic actions a customer should be able to 
perform at the site were captured, such as search 
products in the shop, add product to shopping cart 
etc. Use-case diagrams were used to display and 
elicitate these requirements (see section 4.4.1). 
 
 
 
 
 
 
 

 

 
 
 
 
 

Figure 6.3 shows the initial requirements for the 
webshop template. This is a simple and intuitive 
picture used to describe what the user should be 
able to do at the website. The diagrams were 
developed using the development tool Rational 
Rose, and the information about every use-case 

such as pre-condition and main flow is attached to 
each use-case in this program.  
 
When these important basic features of the webshop 
were defined, the process of developing the 
prototypes could start. The relationship according 
to requirements between the two prototypes is 
described more in detail in section 6.6.1. 

6.5.2 Hierarchy between requirements 

The non-functional requirements are often very 
important for the project, but are not as easy to 
verify as functional ones (see section 2.4). To 
capture these non-functional requirements at this 
early stage of prototyping some ideas from the 
goal-oriented approach can be used. If the different 
goals for the system are defined, it is in this way 
easier to see what requirements are needed to fulfill 
these goals. If the goals then are ranked, the most 
important requirements for the system are captured. 
In section 6.5.2 there is an example of how this can 
be done. 
 
When using this approach in this project, one such 
goal could be that the users of the program shall not 
be able to make a webshop that does not work. 
Another goal might be to prevent the program from 
being illegally copied and used. When these two 
goals are being ranked, the most important of them 
is that the user always shall end up with a working 
webshop. Then the requirements to fulfill this goal 
are defined, and an example of such requirement 
can be that the user will create the webshop using a 
wizard. This way, the program can check at every 
step that the user has defined the information 
necessary to continue. 
 
When the prototypes are being built, it is important 
that only the basic features are implemented. There 
are two main reasons for this: 
 

•  It is important not to implement more 
features than necessary because if the 
users then find them unnecessary this 
would mean that work has been done in 
vain. 

 
•  The product should, as soon as possible, be 

made public. It is the feedback from the 
customers that will help the developers to 
produce the final product, and to give this 
feedback the users have to test the 
prototype. 

Search product

Add product to cart

Send order

Remov e product f rom cart

Send question in f orm

Customer

<<extend>>

<<extend>>

Figure 6.3 Use-case diagram of the webshop. This
use-case diagram shows the main actions a user
shall be able to do at the website. It also shows that
some use-cases (Send order and Remove product
from cart) are dependent on another use-case (Add
product to cart). 
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6.6 Validation 
This is a part where contact with the users is 
important. In this project, the validation was more 
related to checking that the features were 
implemented and worked as they were supposed to. 
This means that a check is made to see if the 
requirement, or its implementation, is consistent 
and works between the prototypes. This is very 
important in this case, since one of the prototypes 
uses what the other one produces. Validation is not 
a separate process in this kind of development but 
is carried out during the whole development 
process of the prototype. 

6.6.1 Dependencies between requirements 

Developing two prototypes at the same time makes 
great demands on the developers and the methods 
used, especially when the two prototypes are as 
dependent on each other as they are in this case. 
This means that it is important to choose a model 
that supports common changes and updates when it 
comes to requirements. Carter, A, Ryan., Antón, I, 
A., Dagnino, A. and Williams, L., wrote about this 
in their paper [3], and they claim that evolutionary 
prototyping supports common changes in the 
software very well. 
 
In this project it was important to understand how 
the requirements for the web shop affected the 
requirements for the application and vice versa. It 
was found that it was very common that 
requirements for one of the prototypes affected the 
other one.  
 
Figure 6.4 displays the evolvement of the two 
prototypes and how they depend on each other. 
There are also some benefits when the two 
prototypes are developed at the same time this way. 

 
This process will in fact bring forth new 
requirements between the prototypes. The first 
question that should be asked when a new 
requirement is elicitated for one of the prototypes is 
if the other prototype will be affected. One example 
of how this works is when it was decided that the 
webshop should have a function for searching 
products. When this requirement was defined, the 
question how this could affect the program was 
considered.  
 
At this time, the customer could only add 
information about the “product name” and “price” 
to the product database. This meant that if a search 
function were to be implemented on the webshop, 
the customer would have to know the name of the 
product to be able to use this function. This would 
make the function less useful, because people who 
are looking for specific kinds of products, like for 
example “games”, would not be able to search for 
that term. Considering this, a new requirement for 
the program was elicitated. Every product should, if 
the user wanted this, belong to a category. This 
makes it possible to search for products using more 
general terms, such as “games” or “tools”. The user, 
or builder, of the shop, would obviously be able to 
define these categories from hers/his specific needs. 
This example shows how one requirement can 
create new ones, and also how they are dependent 
on each other.  
 
Figure 6.5 describes in more details the relationship 
between the prototypes according to new features 
defined. Program feature in this example is referred 
to as new possibilities for the user to adapt the 
webshop using the program. Webshop feature 
referrers to all the actions the customer can do at 
the website (see figure 6.3).  
 
For every new feature defined for the program this 
has to be somehow reflected in the webshop. For 
example, if the new feature of displaying prices 
with freight costs is added in the program, the 
webshop must handle the displaying of prices 
differently dependent on if this choice has been 
made or not. This is shown in the figure as the 
lower arrow. The relation from the webshop 
features to the program features (upper arrow) is 
looser by its nature. A new feature in the webshop 
might create one or more new requirements in the 
program as described earlier, but this is not always 
the case.  

Figure 6.4 This model shows the requirements
evolvement between the prototypes [9]. When a new
requirement is defined for one of the prototypes, this
often affects the other one. This way, the two
prototypes have to be developed side by side.  
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It is important to distinguish between features and 
requirements in this case. It is possible to define a 
requirement for the program without affecting the 
webshop. An example of this is the appearance of 
the client.  
 
The developers must understand that the two 
different prototypes are representing two separate 
processes in this kind of development. This way the 
definition of requirements can be made separately 
for the different types of users and this will 
facilitate the development of a product that is meant 
to satisfy different users with different. The 
handling of feedback regarding new features etc 
will also be easier, since the updates can be made in 
the part of the system that is concerned. 

6.6.2 Transferring of requirements handling  

When developing applications similar to the one 
described here some handling of the requirements 
gets transferred to the persons using the program. 
The program, the webshop builder, is used to create 
a product, in this case a webshop. Even if this 
program is built in a way that prevents the user to 
build a product that does not work, will it also 
prevent the user from doing poor products, or 
should it prevent the users from misusing the 
features? 
 
The answer to this question is naturally dependent 
on what type of product is being developed. If the 
product for example is a compiler for C++ this 
means that very much of the control is transferred 
to the user. There are hardly any restrictions and 
limitations to what kinds of programs or functions 
the user can create using this kind of application. 
Unfortunately, this also means that there are almost 
no limitations in the number of ways this user can 
make errors. C and C++ are known to produce 
many errors in the code, and one reason for this is 
that the programmers have so much freedom when 
it comes to memory management etc. As a response 
to this problem languages like java and C# have 
limited these privileges in some degree by not al- 
lowing the developers to manage garbage collection 
for example. Java does not allow it at all, but C# 
allows it through something called unsafe code. But 

by default, the garbage collection is handled by the 
compiler. 
 
In the program developed in this project, the users 
are not given flexibility that is even close to that of 
a compiler. On the other hand, the users of this 
program will not have to know anything about 
programming to be able to build a webshop. This is 
a complex problem because giving more rights will 
decrease the reliability, but at the same time 
increase the flexibility of the program. One 
example of this problem is the graphical design; 
something that is very important especially in 
websites and e-commerce sites, where the 
competitor’s site is just a mouse click away [8]. In 
this case, the design is a heavy part of the 
requirements engineering that gets transferred to the 
user, or buyer, of the system. S/he must make the 
decisions about the appearance, colours etc.  
 
It is interesting to compare the product developed in 
this project with an html-editor, because there are 
some similarities between these kinds of programs 
and the one described in this paper. Both programs 
generate web pages as an end product, and both 
programs give the user the possibility to adapt and 
create these pages in an easy way.  One difference 
is that in this project the users cannot be given the 
same freedom, since this would decrease the 
reliability in the end product. Marcus Ankar 
describes this problem in detail in his paper [18].  
 
On the other hand, in the application described in 
this paper, the users are offered some advanced 
functionality in form of the webshop. This can be 
done because the application uses templates, and 
these templates are already created and ready to 
use. Many Html-editors also use some kind of 
templates, but not with this kind of functionality. In 
those cases, the templates are more used to offer the 
customers some predefined design of frames etc. 
 
Considering the non-functional requirement that the 
user always should end up with a working 
webshop, it was in this project decided that as long 
as the customer can create a product that works, it 
does not matter how he managed according to 
design and usability.  
 
It is, thus, important to be aware of the fact that if 
more freedom is offered to the users, it will be 
harder to guarantee the reliability of the product 
since this will increase the risk that something will 
go wrong. As earlier described in this paper, 
wizards can be a way to increase this reliability 
because that approach gives the developers the 
possibility to perform input-checks in the different 
steps of the wizard. If it is possible to use templates, 
this is also a way to increase reliability since the 

1 1 ..n 

n 1 
Webshop 

feature 
Program 
feature 

Figure 6.5 demonstrates how new features in one 
prototype affect the other prototype. One new
feature in the webshop might create none or
several features in the program. On new feature in
the program creates one or more features in the
webshop. 
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code in these templates are consistent and can be 
carefully tested separately.  

6.7 Management 
The documentation in this project was made using 
two types of diagrams, use-case diagrams (see 
figure 6.3) and interaction diagrams (see figure 
6.6). These diagrams are two of the nine types of 
diagrams that exist in UML (Unified Modeling 
Language). Both Interaction diagrams and use-
cases are behavioral models [12]. The development 
tool Rational Rose was used to create these 
diagrams. 
 
One reason for creating these diagrams was to test 
if this could simplify the work in some way.  It was 
found that using models like use-cases and 
interaction diagrams is a very good way of making 
a clear picture of the system.  
 
Figure 6.6 shows an interaction diagram for the 
login procedure in the program. These kinds of 
diagrams are very useful when describing the users’ 
interaction with the system in a more detailed way. 
Sequence diagrams illustrate the objects that 
participate in a specific use-case, and what 
messages are sent between them during this use-
case [4]. 
 
By looking at the diagram it is possible to see what 
information is sent to and retrieved from the server 
every time a user logs in. 
 
These models were very useful during discussions 
on how to solve some problems, and it is a good 
practice to make this kind of documentation before 
building the prototypes.  
 

Using models is an effective way of making sure 
everyone in the project understands what shall be 
done and how. In this way, many problems can be 
avoided and it is easier to get all persons to work in 
the same direction. It is also very effective if a new 
person would enter the project.  In this way it is 
possible to help the new person understand the 
different parts of the project/application by using 
the models. 
 
There are thus several reasons for using models:  
 

•  It simplifies the elicitation of new 
requirements since the models make it 
easier to see how the system is supposed to 
work.  

 
•  It is also useful to help new people in the 

project get a general understanding of the 
system. It is therefore recommended that 
models should be used in the abstract 
specification. 

 

User : Customer Client Serv er

login(username, password) login(username, password)

Validity  check
create directory (username)

copy  f iles to directory (database, asp,xml)

inf odesign1

loggedIn = true

GetInf oDesign1

Figure 6.6 This interaction diagram describes how the login procedure is done in the program.
Interaction diagrams are useful to describe the interaction between the user and the system in a
more detailed way than use-cases, because it is possible to show the behavior of the system for
each interaction. 
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7 Discussion 
This paper described how to define requirements 
for programs that generates or modifies 
applications. When defining the requirements, one 
of the problems with this kind of development is 
that it is not possible to collaborate with the end-
users that will use the product generated by the 
program.  
 
How well the requirements engineering process 
worked is something that is normally discovered 
late in a project. In the traditional waterfall method, 
the final integration and system testing is done in 
the fourth step. This demands that the handling of 
the requirements process is thoroughly done since 
the cost of going back and change or add functions 
this late in the process will be very high. 
 
When there is no possibility of close collaboration 
with the end-users it is not possible to perform such 
a detailed requirements work in the beginning of 
the project. Many methods dealing with 
requirements are very focused on this initial contact 
with the customer, and can therefore not be used 
under these circumstances. They are based on the 
fact that a detailed specification shall be worked out 
with the customers, and that this specification shall 
be complete enough to build the whole system 
based on it. 
 
In this project, it is found that using evolutionary 
prototyping as a development method and using 
scenarios to support the requirements elicitation 
process has been very effective. These two methods 
complement each other very well since the 
scenarios method is very useful to elicitate the basic 
functional requirements and these kinds of 
requirements are needed to start building the 
prototype. These basic requirements are not hard to 
find, as long as the developers understand what the 
product is supposed to do.  It is also possible to 
reuse requirements by looking at similar products. 
When the prototype is developed, the users can give 
feedback to the developers as soon as they have 
tested it. 
 
The approach of mixing different techniques in 
requirements engineering is the best approach, 
probably not just in the kind of development 
described in this paper. This way it is possible to 
adapt the process and therefore make the 
requirements process more effective. 
 
Evolutionary prototyping has proven useful when 
developing e-commerce sites and websites [2, 3, 
10]. Some of the problems in this project were the 
same as developers encounter during that kind of 
development, for example that there are no specific 

end-users that can help out when the requirements 
are being defined. 
 
In this project, it would have been very hard to 
define the requirements completely for both 
prototypes without being able to test how they 
would work together. As described in this paper, 
the defining of requirements for one of the 
prototypes often created a correspondent one in the 
other prototype, and this would have been very hard 
to predict in advance. 
 
We do not however consider prototyping suitable in 
all cases where a program that generates code is 
developed. We think that prototyping is best used in 
projects that are small or of medium size. One 
problem with prototyping is that the continual 
changes tend to corrupt the structure of the 
application [2]. This could cause some serious 
maintenance problem if the system is too large or 
complex. 
 
In the project described in this paper, we had no 
possibility, due to time limit, to let users try the 
program out. The application created was made 
from the basic requirements defined using the reuse 
approach, and only basic features were 
implemented.  

8 Conclusions  
In this paper, some of the problems related to 
requirements for programs that generates or modify 
other applications were discussed. Different 
methods used in requirements engineering have 
been investigated, but it turned out that many of 
them are not possible to use when there are no end-
users to cooperate with. 
 
It is shown in this paper that using evolutionary 
prototyping as a development method and using 
scenarios to support the requirements elicitation 
process is an effective way of solving some of the 
problems encountered during the development. 

8.1 Recommendations  
By the experience made in this project, some 
recommendations can be made for this kind of 
development: 
 
Use evolutionary prototyping  
This is a good approach when there are no end-
users to collaborate with when defining 
requirements. 
 
Start with basic features 
Define the basic requirements using reuse approach 
(see section 6.5.1) and do not implement 
unnecessary features. These basic requirements 
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should be the critical ones, i.e. without them, the 
application will not be able to do what it is 
supposed to. 
 
Use scenarios and models 
Model the requirements of the system with 
interaction diagrams and scenarios. Scenarios is a 
way of "stimulate thinking" [21]. 
 
Facilitate future communication 
The interaction with the users will start when the 
basic features are implemented. It is a good practice 
to bear this in mind and try to make this 
communication easier by implementing feedback 
forms etc. 
 
Define goals 
If the system is complex, use rich pictures and 
conceptual models do clarify it. Define critical 
goals, and define requirements to reach these goals. 
This way, critical requirements for the system are 
defined. 
 
Separate prototypes 
Distinguish between product and end product when 
defining requirements. This will make the 
definition more accurate, since different users use 
different programs. 
 
Decide level of influence  
It is important to be aware of the fact that more 
freedom and features given to the user will increase 
the possibility that the user will develop a faulty 
webshop. Wizards can be used to assure that the 
users interact with the system as they are supposed 
to. On the other hand, more freedom to the users 
gives them a better chance to adapt the products for 
their own customers. Do not give the users more 
freedom than necessary and use templates for the 
end product if this is possible. 

9 Future work 
Something that would be very helpful when 
choosing development methods would be a 
framework that describes which methods that are 
useful for specific kinds of developing. For 
example, if the end-users are unknown, this 
framework could recommend prototyping as a 
development method. This kind of work has been 
done in part by Linda, A. Macaulay [7]. She 
describes some specific developing situations and 
suggests a combination of methods suitable to use 
for each situation. This could however be done 
more fully and for more situations because it would 
be a very useful tool when making the important 
choice of methods.  
 
It would be interesting to continue the development 
of the application, but this would require us to make 

the product public. This way, the feedback from 
customers would make it possible to further 
improve the application. 
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