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Abstract: Domain engineering is a systematic approach aimed at capturing the domain knowledge in the form of 
reusable assets that can be applied in the development of new products. In order to achieve reuse in a domain, domain 
knowledge must be captured in terms of commonalities and variability. Commonalities enable reuse of software 
components in a domain. They result from software features that are common across applications in a domain. Not all 
common features are mandatory in all applications of a domain. This (feature) variability enables the differentiation of 
applications in a domain. It is, then, necessary for variability to be identified, represented and implemented. Some 
domains do not allow for variability to be resolved only at pre-deployment time. Unfortunately, methodologies and tools 
currently do not fully address these requirements. Their support for pos-deployment, or run-time, variability is very 
restricted. 
 
In our work we propose to address this problem. This problem can be further detailed in two issues: one is how to select 
and compose already existing components at run-time; the other is how to resolve variability totally at run-time. 
Regarding the first issue, our research is based on work done in pre-deployment time. We propose that the configuration 
and composition of variable software parts at run-time can be based on composition techniques similar to a component 
based approach. In order to enable this there must be a proper run-time execution environment support. We will address 
this issue by proposing the necessary run-time execution environment characteristics. This kind of variability can be 
solved at run-time by the end-user selection of the appropriate variation in a variation point from already existent 
software components. For the second issue, the end-user is required to specify the functionality of the variability point 
because in high dynamic domains it’s not always possible to have pre-built components with all possible alternative 
functionalities for a variation point. For this issue we propose the adoption/building of domain-specific languages with 
appropriate characteristics that will enable the functional completion of the software by the end-user. 
 
Keywords: domain engineering, domain-specific languages, feature modeling, component composition, run-time 
execution environments, end-user programming, software reuse. 
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1. Introduction 
 
The development of software systems is still a very hard and difficult engineering process. In fact, 
the main aim of software engineering, according to Fritz Bauer is “The establishment and use of 
sound engineering principles in order to obtain economically software that is reliable and works 
efficiently on real machines” [Naur et al. 1969]. To achieve these goals Pressman states that 
software engineering encompasses a set of three key elements: methods, tools and procedures 
[Pressman 1994]. In the context of these elements, various software engineering paradigms have 
been proposed and used. Examples are the waterfall model the spiral model or Rational Unified 
Process (RUP) [RUP]. 
 
All these paradigms aim at provide sound engineering principles. Even if many of these paradigms 
have been widely adopted there is still very hard to, for instance, make accurate predictions of a 
software project delivery date. If the duration of the project is not accurate then the project is not 
economically feasible. In order to maintain the economically feasibility of the project normally the 
product outcome will be less reliable and efficient. It may even be economically worst because of 
maintenance cost that came out of the poor reliability and efficiency of the product.   
 
Recently more pragmatic approaches have been proposed like Extreme Programming [Beck 1999]. 
One such pragmatic approach is based on the intuitive concept of reuse. The reuse approach is 
based on building new software systems reusing already existing and proved artifacts. With this 
approach software engineering projects become more predictable. Particularly, predictions of costs 
and delivery dates become more accurate. Software reliability can also improve because of the 
reuse of already tested and proved artifacts. 
 
In the past, reuse has been adopted in the industry with relative success. Examples are the use of 
class libraries like wxWindows [wxWindows] or object-oriented frameworks like Java [Java]. 
These all have the benefit of provide the programmer with the possibility of reuse code that deals 
with programming needs like implementing graphical windowing systems or data containers 
structures like arrays and lists. However, these are all reuse of software of generic nature. The 
advantages of software reuse can be much more if exploited in specific domains.  
    
Product families and product lines aim at promote reusability within a given set of software 
products [Bosch 2000].  Software product lines have achieved substantial adoption by the software 
industry. The adoption of Product line software development approaches has enabled a wide 
variety of companies to substantially decrease the cost of software development, maintenance, and 
time to market and increased the quality of their software products [Bosch 2002]. 
 
To accomplish reusability among various software products there must be common characteristics 
among them. Normally this means that the various software products must share the same domain. 
Therefore, an organization that has built several software systems in a domain also has acquired 
very good knowledge of such a domain. This knowledge can be used when building new software 
systems in the same domain. A fundamental technical requirement for achieving successful 
software reuse is the systematic discovery and exploitation of commonality across related software 
systems [Prieto-Diaz 1990]. 
 
By capturing the acquired domain knowledge in the form of reusable assets and by reusing these 
assets in the development of new products, the organization will be able to deliver the new products 
in a shorter time and at a lower cost [Czarnecki 1998]. Domain engineering is a systematic 
approach to achieving this goal. As such, domain engineering is the foundation for emerging 
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product line software development approaches [Foreman 1996]. 
 
So we can say that reuse has to do with finding commonalities among software systems within a 
domain. Nonetheless, to build diverse software systems within a domain we also need to specify 
variability. Domain engineering focuses on supporting systematic and large-scale reuse by 
capturing both the commonalities and the variability of systems within a domain to improve the 
efficiency of development and maintenance of those systems. As such variability is one of the key 
aspects of domain engineering. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Domain Engineering vs. Application Engineering [SEI] 

Figure 1 depicts the life cycles of domain engineering and application engineering based on the 
Software Engineering Institute (SEI) [SEI] at Carnegie Mellon University. 
 
In the figure it is clear that domain engineering has to do with engineering for reuse and application 
engineering with engineering with reuse. In Figure 1 it is also clear that the application engineer 
must reuse artifacts from domain engineering to instantiate a new application in the domain. This 
new application will have common functionalities with others in the domain but will also have 
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differences that make it a particular instance of that domain. This means that the notion of 
variability and the methods, techniques and technology used to achieve variability are one of the 
most important issues in domain engineering. 
 
Variability in software is achieved fundamentally by the following techniques 
[Svahnberg and Bosch 2000; Gurp 2003]: 

•  Inheritance, is used when the variation point is a method that needs to be implemented for 
every application, or when an application needs to extend a type with additional 
functionality 

•  Extensions and extension points, are used when parts of a component can be extended with 
additional behavior, selected from a set of variations from a variation point  

•  Parameterization, templates and macros, are used when unbound parameters or macros 
expressions can be inserted in the code and later instantiated with the actual parameter or 
by expanding the macro 

•  Configuration and module interconnected languages, are used to select appropriate files 
and fill in some of the unbound parameters to connect modules and components to each 
other. By configuration is meant the process in which source code is selected from a code 
repository and put together to form a particular product. Module interconnection languages 
are one way of describing configurations  

•  Generation of derived components, is adopted when there is a higher level language that 
can be used for a particular task, which is then used to create the actual component 

 
There are also more recent techniques and methods that came from the academia but have limited 
adoption in the industry, such as: aspect oriented programming [Kiczales et al. 1997], subject 
oriented programming [Ossher et al. 1994] or generative programming [Czarnecki 1998]. These 
techniques tend all to resolve the variability issues at compilation-time. Thus variability is solved 
mostly at pre-deployment and deployment (installation) time.  
 
There are some cases in witch solving variability at compilation-time and even at deployment time 
is not a satisfactory solution.  
 
Let’s take, for instance, the case of a system aimed at the insurance industry. One common 
situation in this domain is the need that the insurance company has to market new insurance 
products. Products in the insurance market are very complex. A new insurance product may imply 
that new and variable data may be necessary to register for each new insurance policy of that 
product. New rules for risk assessment and claim processing may also be needed. These are some 
of the many variability points that such a system may need to cope in the case of the market of a 
new insurance product. We can say that such a software system may have significant change in 
behavior for each insurance product. Insurance companies also need to market new products very 
quickly in order to respond to market needs. 
 
In the described scenario if we have, for instance, 10 insurance companies using the software 
system and an average of 20 insurance products for company in the case of software variability 
solved at compilation-time we must have 10*20=200 variations of the software system.  
 
Even if technically one could manage such a number of diverse versions of the system one 
significant problem remains: when an insurance company needs to market a new product it is 
necessary for the software engineer (in the software house) to build the new variation point in the 
system (i.e., a new application). This will encompass the engineering process that takes time, and 
also time to deploy the new application. Such a time frame may not be feasible because of the 
constraints of the time to market for the new product. 
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In the study we made so far it is possible to identify and resume the limitations regarding variability 
in domain engineering in the following three problems: 

(1) Variability is mostly taken into account before or during application deployment. As 
observed this is not always the best solution. 
(2) At the same time, and also resulting from the previous problem, the domain engineering 
methodologies do not take into account the possibility of the application customer having a 
special role in a pos-deployment phase. This special role could enable the variable points of the 
application to be resolved at run-time. 
(3) Finally the techniques used to achieve variability do not take into account the technology 
heterogeneity of most real cases. For instance, in most techniques it is implicit the adoption of 
object-oriented languages. 

 
In this thesis we will face the dynamic run-time software variability problem, in particular the three 
major problems described above. For such we propose the adoption of a domain-specific language 
and framework.  
 
Thesis statement 
The adoption of domain-specific languages in domain software engineering can significantly 
improve product line variability and flexibility by (a) enabling an effective technique for 
implementing run-time variability; (b) enabling the possibility of a pos-deployment kind of software 
engineering; and (c) enabling variability in a technically heterogeneous product line.                
 
Regarding the first problem, we will evaluate to what extent it is feasible to specify the variability 
of an application at run-time using the proposed technique. In order to do so a domain-specific 
language and framework will be evaluated in a real case of an insurance software product line. A 
pragmatic approach will be used because this evaluation will be done in a real case. Feedback from 
end-users, software engineers and domain experts will be registered and results from this real case 
will provide further insight into the viability of our propose regarding run-time software variability. 
These results can then be compared with documented results from other techniques of software 
variability.    
 
Our approach raises the second problem mentioned above. Who will solve the run-time variability? 
The end-user? The end-user in a special role of a kind of software engineer? Our approach should 
try to answer these questions. In order to do so it is necessary to revise the software engineering 
methods, particularly the domain engineering methods, so that dynamic variability and its method’s 
implications can be “formally” integrated in a methodology. Regarding this problem we propose 
the adoption of existing and proved methodologies with the necessary adaptations.  
 
There are diverse domain engineering methodologies such as Feature-Oriented Domain Analysis 
(FODA) [Kang et al. 1990], Organization Domain Modeling (ODM) [Simos et al. 1996] or Draco 
[Neighbors 1984]. There are also various similarities between the methodologies. For instance, it is 
very common to adopt feature diagrams as a mean to do domain analysis (i.e., problem space 
analysis). The limitation of such methodologies is more evident at the solution space. 
Methodologies often do not specify how to instantiate a domain architecture, specially the case of 
run-time features. Documented examples normally regard only object-oriented languages and 
achieve variability of software at compile-time [Deursen et al. 2002; Jaring et al. 2002]. This has to 
do with the third problem. To our knowledge, there are few document examples of variability in 
real product line applications. We believe that most real product line applications are technically 
very heterogeneous. This is also the reality of the product line that is the case study of this thesis. 
Addressing the variability problem in a heterogeneous environment raises different challenges. We 
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also propose that domain-specific languages can have a significant impact in addressing this 
problem. Because our case study can be classified as an heterogeneous system we expect our thesis 
to give some significant contribute also in this field.   
 
In the remainder of this report, section 2 presents the context of our work. It also addresses and 
discusses related work and research. Section 2 is mostly a synthesis of the state-of-the-art of the 
thesis field that resulted from the planned work for the first year. Section 3 details the proposed 
approach in a technological and methodological level. In section 4 we present our working plan for 
the next two years. In this section we cover the research context, i.e., the research method. We also 
present the case study and how we will be doing research in an enterprise environment. This 
section also covers how we intend to validate our work. Finally, section 5 presents the expected 
contributions.     
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2. Related Work 
 
Our research work has to do mainly with the field of domain engineering. Nevertheless this is a 
vast field of research since it is linked with other fields and various techniques such as application 
engineering, software reuse, product lines, automatic programming, architecture design and 
software frameworks just to name a few. 
 
The major focus of our research is variability in software. Basically it means how to analyze, 
design and implement variability. Particularly our work focuses on how to cope with extremely 
dynamic applications such as the ones described in the previous section. 
 
2.1 Domain Engineering 
 
One can say that domain engineering started with the work of Dijkstra regarding structured 
programming and the notion of programming for reuse [Czarnecki 1998].  
 
The next major reference is the work of Parnas on program families [Parnas 1976]. Parnas stated 
why one should study program families instead of individual programs. He also stated that a set of 
programs is considered a family when it is the case that in order to study this set, it is necessary to 
study the common properties among the elements of the set first, and then study the properties of 
the individual family members. He also stated that in a program family one should first study the 
commonalities (common features) and then the variability (diverse features) of each program.   
 
The work of Neighbors is also of major importance. He introduced the first domain engineering 
methodology, named Draco, in his Ph.D. [Neighbors 1980]. In his thesis he argues that many 
software systems are very similar and so should be built out of reusable software components. He 
also states that for reuse to be successful it is necessary to reuse analysis, design and code and not 
only code. Neighbors states that “the concept of domain analysis is introduced to describe the 
activity of identifying the objects and operations of a class of similar systems in a particular 
problem domain”.   
 
Draco uses domain-specific languages, prettyprinters, source-to-source transformations and 
software components.  Draco is based on the assumption that we can specify a program in a high 
level domain, i.e., the problem domain, and them transform that program successively into others 
domains, until we get a program in an executable domain. Achieving this we have a solution to the 
initial problem in an executable format. We can say that Draco is a transformational system.  
  
The method is based on the definition of several domains with the respective domain-specific 
language and transformations between the domains. The initial domain is the domain of the 
problem or the business domain. A program in the domain is specified using this domain-specific 
language.  
 
One can say that the Draco system was a precursor of domain engineering methodologies. It is also 
accurate to say that Neighbors work influenced almost every methodology or technology in the 
field of domain engineering and also other fields. In particular more recent works are also based on 
transformation technology. Examples are Intentional Programming [Simonyi 1995] and GenVoca 
[Batory and O’Malley 1992], which are presented in section 2.1.3. 
 
There aren’t so many well-documented domain methodologies. There are also less documented 
applied case studies. The Software Engineering Institute at Carnegie Mellon University is one of 
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the exceptions. In fact, in 1990, SEI published a technical report regarding Feature-Oriented 
Domain Analysis [Kang et al. 1990]. This technical report presents a feasibility study regarding 
Feature-Oriented Domain Analysis. To our knowledge this is the first method witch claims it self to 
be a domain engineering method. One major advantage of this methodology regarding others is that 
it has much public available documentation. Another advantage is that much of this documentation 
regards applied cases.     
 
The primary goal of the method is to provide a basis for understand and communicate about the 
problem space addressed by software in a domain. In order to achieve this goal the method is based 
on the examination and study of a class of related software systems and the common underlying 
theory. The result should be a reference model that describes the class of software systems. The 
method also proposes a set of architectural approaches for the implementations of new systems. 
This means Feature-Oriented Domain Analysis, as the name implies, is focused on analysis of the 
domain, i.e., the analysis and representation of the problem.  
 
Given the central focus of the method is domain analysis it encompass basically three phases: 

•  Context Analysis: defining the extent of a domain for analysis; 
•  Domain Modeling: describing the problems within the domain that are addressed by the 

software; 
•  Architecture Modeling: creating the software architecture(s) that implements a solution to 

the problems in the domain. 
 
Each of the phases of the domain analysis method is composed of several activities. The results of 
these activities are documents that describe domain knowledge. These documents define the scope 
of the domain, describe the problems solved by software in the domain and describe architectures 
that can implement solutions. 
 
As we can see the method has one phase for architecture modeling, witch could mean it also 
addresses the generation of (or support for) software solution. As we will see later this is not 
entirely true. In fact, the original method is very vague in how to evolve from the problem 
representation into the solution space. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Phases and Products of Domain Analysis [Kang et al. 1990]. 
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The method also defines the possible roles of participants in the domain analysis process: end user, 
domain expert, domain analyst, requirements analyst and software designer. These roles can be 
further classified by their ‘relation’ with the method. The end user and the domain expert are 
sources to the method. The domain analyst is a producer. Requirement analyst, software engineer 
and also the end user are consumers. Is to be noted that the end user can be a source and a 
consumer of the method. 
 
Figure 2 represents the phases and products of Feature-Oriented Domain Analysis. The first two 
phases undoubtedly correspond to the domain analysis phase in Figure 1. One could say that the 
software modeling phase is related to the software architecture development phase in Figure 1. 
Nevertheless this is not the case because, as we will see, the architectural models resulting from 
architectural modeling are not sufficient to be the base for software component generation, i.e., 
reusable software artifacts. 
 
One very important aspect of methods is the roles people, or systems, play. If we refer again to 
Figure 1 we can imagine a requirements analyst and a software designer using the products of a 
domain analysis when implementing a new system in the domain. In this scenario we can also 
imagine a domain analyst using the feedback from the implementation of new systems to further 
extend and evolve domain analysis. In Draco, for instance, there are four human roles: system 
builder, domain builder, domain user and system specialist.  
 
In domain engineering, the domain products (i.e., the ones presented in the first half of Figure 1) 
represent the common functionality and architecture of applications in a domain. These are generic 
and should be reused in the development of new systems in the domain. The generic nature of the 
domain model implies that there is variability in the possible implementations of applications 
(systems) in the domain. The development of new systems in the domain requires refinements in 
the products of domain engineering so that the specificity of new system can be achieved. When we 
add specificity we are removing the variability of the domain model, i.e., we are selecting one of 
the possible choices of implementation. The process of removing generality - or adding specificity - 
in order to build a new system needs some mechanism to implement variability.  
 
As already mentioned, the products of domain engineering are artifacts that can be reused in 
building new systems in the domain. These artifacts can be abstractions of functionalities or 
designs (i.e., architecture) to be reused in the development of new systems in the domain. Product 
frameworks and product lines are based on the reuse of such abstractions [Bosch 2000]. Thus, one 
can say that domain engineering should be used in the development of product lines and product 
frameworks.    
 
In a domain there are common parts that represent invariants of the domain. If we are talking about 
product frameworks or product lines we can say these common parts are software components that 
implement invariant functionalities (abstractions). In order to differentiate between diverse 
products in a product line or different applications using a framework we need the referred 
variability mechanism. On the modeling phase there is also the need to represent variability. Some 
usual design concepts that can represent variability are: aggregation/decomposition, 
generalization/specialization and parameterization. 
 
Aggregation/decomposition and generalization/specialization are modeling concepts very familiar 
to object oriented programmers. With aggregation, grouping several abstractions creates a new 
abstraction. Decomposition is the inverse of aggregation. When we decompose one abstraction into 
its components we are refining that abstraction.   
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When we create one abstraction by using the commonalities between abstractions we are 
generalizing. With generalization abstractions lose specificity. Specialization is the inverse of 
generalization. An abstraction is specialized when we add features to the abstraction. Specialization 
is also a refinement.  
 
Parameterization is a technique in witch software is adapted/configured by substituting the values 
of the parameters in the software.   
 
In Feature-Oriented Domain Analysis these techniques are used in order to model feature 
variability in a domain. As the name implies, features are the core concept of Feature-Oriented 
Domain Analysis. We can think of a feature as a characteristic of a concept. The method uses 
features to represent characteristics of concepts of the domain. Some of these features are invariant 
in the domain. Others can vary and there may also be rules in the selection and composition of 
features in a domain. The use of features in domain modeling is very used because the terminology 
used is very close to the end user and the domain experts. As such domain models that use features 
can be easily understand.       
  
Feature Oriented Reuse Method (FORM) is an evolution of Feature Oriented Domain Analysis 
[Kang et al. 1998]. In this evolution features became the central concept of domain engineering and 
feature models are used not only in requirements engineering but also in the design phase 
(architectures) and in the building of software components. This means that FORM extends the 
utilization of features from the domain problem space into the decision and the solution space. 
 
Several more work and research has been done in the field of domain engineering. One other major 
domain engineering methodology is Organization Domain Modeling (ODM) [Simos et al. 1996]. 
To our knowledge ODM is in structure similar to Feature Oriented Domain Analysis but its process 
is far more elaborated and detailed.  
 
Another reference is Reuse-Driven Software Engineering Business (RSEB) [Jacobson et al. 1997]. 
This method is based on Object-Oriented Software Engineering process (OOSE) 
[Jacobson et al. 1992]. It extends OOSE with a more reuse-oriented process. This method also adds 
an interesting approach: the adaptation of an existing object-oriented analysis/design method used 
for application engineering in order to use it in ‘engineering for reuse’. The RSEB extends OOSE 
with architectural constructs for families of related applications built from reusable components. It 
is also interesting because it uses UML as the base notation [UML]. 
 
FeatuRSEB is a more complete example of the integration between domain engineering and 
application engineering [Griss et al. 1998]. As the method name implies it is a merge between 
Feature Oriented Domain Analysis and RSEB.   
 
There are other areas that related to domain engineering. As we saw, architecture modeling is a 
very important activity in domain engineering. One area of particular interest is how to describe a 
software architecture [Garlan and Shaw 1990]. Architecture Description Languages (ADLs) are 
used to describe the components, connectors, and information about their interactions that compose 
a system. There are several languages and tools that can be classified as ADLs [Medvidovic 1997]. 
This is also a very active field of research that is very strong related to domain engineering. For 
instance, the concept of software architecture is central to the Domain-Specific Software 
Architecture (DSSA) method [Hayes 1994]. We can see DSSA as an application of the concept of 
software architecture in a domain. From Figure 1 we also can see that a software architecture for 
the domain is one of the outputs of domain engineering.  
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The Object Connection Architecture (OCA) was presented in [Peterson and Stanley 1994] as a 
method that uses the outputs of  Feature-Oriented Domain Analysis to build a generic design for 
the domain. This generic design encompasses software components that conform to the software 
architecture model proposed for structuring software systems in OCA. 
 
Software patterns are another field of active research and practice.  Patterns can be considered a 
micro-architectural view of a system. Most work in patterns is from a component or design reuse 
perspective. Software patterns are widely used in the development community because they 
normally originate from best practices [Fowler 2002].  
 
There are also other methods and techniques that can relate to domain engineering because of the 
focus they put on reuse. Examples are the OOram method [Reenskaug et al. 1996] and the work on 
software frameworks [Fayad and Johnson 1999]. 
 
The main focus of our research is the concept of variability in domain engineering. Variability is 
used to differentiate applications in a domain. In contrast, commonalities are shared by applications 
in a domain. For a domain to exist there must be commonalities between applications. For a 
domain to be useful variability must be identified, represented and implemented. In the next three 
sections these tree main topics of our research will be detailed.   
 
2.1.1 Variability Identification 
 
Variability identification is one of the first steps in domain engineering. In fact, commonalities 
must be first discovered in order for a domain to exist.  
 
A domain analyst using diverse sources of information performs the initial analysis of a domain. 
The sources of information and particularly the process of analysis are better documented and more 
precise depending on the domain engineering methodology. For instance, in Draco, this process is 
not explicitly and precisely documented.  
 
In Draco, the analysis of a domain should result mainly in a domain-specific language, components 
of that domain (objects and operations of the domain) and rules for transformations and 
refinements. A domain is specified by giving its syntax, guidelines for printing (prettyprinter), rules 
for simplifying relations between objects and operations and semantics in terms of other domains 
already known to Draco. Draco starts with domains that describe executable computer languages. 
The idea in Draco is to refine the program from the problem domain into an executable domain.   
 
Being one of the first domain engineering methodologies, Draco is also a domain methodology 
very oriented because it is based on the central concept of domain languages and transformations 
between them. As such the final output of domain engineering is always a domain-specific 
languages and tools. Because of that the initial analysis phase of the method is very oriented 
towards identifying language constructs.   
 
The Draco domain engineering method is based on four human roles: 

•  Draco system builders which are the builder of the mechanism and also the designers of the 
specification languages for the different domain parts; 

•  Domain builders which encompass the domain analyst who tries to discover the objects 
and operations of a domain and the domain designer who accepts the results from the 
analysis as a base to design a new domain language;  

•  Domain users which encompass the system analyst who uses an available Draco domain as 
a framework for his analysis of a specific problem and the systems designer who accepts 
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the analysis of a specific system from the systems analyst and uses a domain language to 
describe the system; 

•  Draco system specialist who refines the specification of a problem into an executable target 
language by navigating through the modeling domains of Draco.      

 
These roles fit very well with the domain-engineering life cycle as described by SEI and illustrated 
in Figure 1. The roles of Draco system builders and Domain builders related to domain engineering 
and the roles of Domain users and Draco system specialist relate to application engineering. 
 
We can see from the description of the major roles of Draco that the domain analyst is basically 
discovering the objects and operations in the domain. This information is then passed into a domain 
designer that designs a language for the domain. The new domain language is construct by the 
domain designer based on domains already know to Draco. All these domain models integrate a 
library of domains.   
 
The Draco method targets situations where typically an organization is building systems in a 
domain. At the application engineering level as applications are build they can use the Draco 
system or not. Even if applications are build outside Draco the knowledge that results from the 
process can be an input for the domain analyst. We can say that one major input of knowledge 
about the domain is the actual organization experience in building applications in the domain. The 
Draco method suggests there can be other sources of information such as documents about the 
domain. The method also states that after the identification of the objects and operations of the 
domain the domain designer can specify the syntax of the domain language. What the method 
doesn’t state is how to do this. Draco also doesn’t specify clearly how to identify the objects and 
operations of the domain. These objects and operations represent in fact the commonalities of a 
domain. The variability in Draco is the way we can combine these operations and objects. Since 
these combinations are in fact only limited be the grammar of the language the results of the 
domain analysis identify a very wide scope of variability. In fact all the possible programs we can 
build with the domain language.    
 
Other domain methods take a more detailed approach into domain analysis. For instance in 
Feature-Oriented Domain Analysis there is a first phase called context analysis. In this phase the 
domain analyst interacts with users (of possible applications of the domain) and domain experts to 
establish the bounds of the domain and also the proper scope for the analysis. In this phase the 
analyst also gathers sources of information for performing the analysis.  
 
The objective of the initial phase of the method is the definition of the scope of a domain in terms 
of the probability that the domain will give usable domain products. The relationships between the 
domain and the external elements are evaluated. The degree of variability of the domain is also 
evaluated. The availability of domain sources (experts, documentation, etc.) is also used to scope 
the domain.   
 
As depicted in Figure 2 the documentation resulting from context analysis is the structure diagram 
and the context diagram.  
 
The structure diagram is used to show the relations between the domain and other domains. This 
type of diagram includes higher, lower and peer level domains regarding the domain in study. 
Higher domains are domains that include the domain. Lower level domains, or sub-domains, are 
domains that are in the scope of the domain but are well understood. All other domains (peer 
domains) that interface with the target domain should also appear in the diagram.   
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Figure 3.Domain Engineering Supports Software Development [Kang et al. 1990]. 

The context diagram is basically a top-level data-flow diagram of the interfaces the domain has 
with other domains or entities. The particularity of this data-flow diagram is that the variability of 
the data-flows across the domain boundary must be indicated. If the variations are due to different 
features of the applications in the domain this fact must be described. Because features are only 
introduced in the phase of domain modeling this means that context analysis and domain modeling 
may be done in parallel. Entities that appear in the context analysis must be described.  
 
Domain experts, end-users and documents and applications of the domain are all sources of 
knowledge that the domain analyst should use in the context analysis. 
 
The method uses aggregation and generalization to capture the commonalities of the applications in 
the domain in terms of abstractions. Refinements are used to capture the differences between 
applications. Parameterization is used to specify the context of the refinements. As such, one can 
say that the result of the method is a group of abstractions of a domain and a series of refinements 
of each abstraction with parameterization. When a new refinement is introduced in the domain, the 
context in witch the refinement is made must be defined in terms of parameters.  
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Parameterization is the technique used by Feature Oriented Domain Analysis to select the 
refinements of the domain abstractions. With the refinements new applications in the domain can 
be specified.  
 
Parameterization is based on identifying the factors that result in different applications in a domain. 
The method classifies these factors according to: 

•  The capabilities of applications in a domain from the end-user’s perspective; 
•  The operating environments in witch applications are used and operated; 
•  The application domain technology (methods and techniques specific to the domain) based 

on witch requirements decisions are made; 
•  The implementation techniques. 

 
These factors represent different aspects of a domain that can be parameterized when building a 
new application. As the name of the method imply, features are a major concept used in domain 
engineering. The method uses features to model (parameterize) the capabilities of applications from 
the end-user perspective. 
 
The method advocates that the initial level of abstractions should be high. This maximizes reuse of 
the products of the domain. Also, the refinements that make abstractions more specific should be 
delayed as much as possible. This maximizes reuse but also minimize the added value (or 
productivity) of using a generic abstraction. The method provides abstractions (components) at 
different levels of refinement so that they can be reused as needed.    
 
We shall see in the next section that features and feature modeling are key tools in representing 
variability in domain engineering. 
 
2.1.2 Variability Representation 
 
To allow effective modeling of domain knowledge in order to support the engineering of 
applications in the domain variability must be represented and documented. In Figure 3 we can see 
that domains models should support the definitions of architectures (reference architectures in the 
domain) witch are then used in the building of applications in the domain. In the process of 
application building, the variability aspects (i.e., features) of the domain models will normally 
disappear. They disappear because the system engineer will select what variations will be used in 
the new application. We will see that features are an effective concept for representing variability 
and that feature modeling is used to document that variability.   
 
Features and feature modeling are extensively used in Feature-Oriented Domain Analysis method 
to model variability. In the domain modeling phase the domain analyst uses the information sources 
and the other products of the context analysis to support the creation of a domain model.  
 
In Feature-Oriented Domain Analysis after having scoped the domain in context analysis it is now 
necessary to identify the commonalities and variability of the problems addressed by the 
applications in the domain. This is done in the domain modeling phase. To achieve this the 
modeling phase has three major activities: feature analysis, entity-relationship modeling and 
functional analysis. This means that apart from feature modeling the method also uses other tools to 
model the domain knowledge. Let’s see how this domain knowledge, and in particular variability, 
is captured and modeled in Feature-Oriented Domain Analysis.  
 
Feature analysis allows the domain analyst to capture the diverse capabilities of the applications in 
the domain according to the end-users. This is a very productive analysis tool since it models the 
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problem space from the end-user’s viewpoint. Thus, feature diagrams normally don’t include 
technical capabilities. The viewpoint of the user is normally centered in the services or 
functionalities provided by applications and operating environments in witch they run. 
 
Because, as we will see, the feature diagram captures the commonalities and variability of the 
applications in the domain, the features presented in the feature model are used to generalize and 
parameterize other models. 
 
Features are characteristics of the system that make sense to the end-user. The feature diagram 
depicts characteristics of the system from the viewpoint of the end-user. The features 
(characteristics) that appear in the feature diagram should affect directly the end-user. For instance, 
programming technical features should not appear in a feature diagram.  
 
Figure 4 presents an example of a feature diagram. A feature diagram looks like an inverted tree. 
The structure of the relationships between features is represented by the connectors and visual 
indicators that can be used in the diagram. For instance, in Figure 4, air conditioning is an optional 
feature, as denoted by the circle in the end of the feature line. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.Possible Feature Diagram for a Car [Kang et al. 1990]. 

There can be rules regarding the combination of features that cannot be specified only by visual 
indicators. In this case the method uses what is called composition rules. In Figure 4 there is a 
composition rule that says the air conditioning feature, when present, requires that the feature 
horsepower have a value greater than 100. Composition rules are used to define the semantics 
existing between features that are not expressed visually in the diagram.  
 
Feature diagrams are a rich and useful tool regarding their expressiveness for documenting 
variability (mainly) from the end-user perspective. Features, and feature diagrams, are the basis for 
the specification of variation points in the final architecture of a system. 
 
Apart from the visual diagram features also have a textual description. The proposed form for 
describing features is presented in Figure 5. 
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Name: <standard feature name> 
Synonyms: <name> [FROM <source name>] 
Description: <textual description of the feature> 
Consists Of <feature names> [ { optional | alternative } ] 
Source: <information source> 
Type: { compile-time | load-time | run-time } 
Mutually Exclusive With: <feature names>] 
Mandatory With: <feature names>] 
 

Figure 5. Textual description of a feature [Kang et al. 1990]. 

When the domain analyst is building the feature diagram and defining features he is doing this 
activity within the context of the information he gather from the end-users, domain experts and 
various documents about that domain. The choices he makes regarding optional and alternative 
features should be well documented or else future selection of features could be done in different 
knowledge context. Thus this knowledge is described in an “issues and decisions” documented 
attached to the features diagram. The “issues and decisions” has the original rationale of the major 
issues and respective possible decisions of the features diagram. 
 
The proposed form for documenting issues and decisions according is presented in Figure 6. The 
"Raised at" statement indicates the component during the refinement of which the named issue was 
raised. The "Applies to" statement identifies the components that resulted by the decision.  
 
 
Issue: <issue-name> 
Description: <a textual description of the issue> 
Raised at: <component name> 
Decision: <decision name> 
Description: <a textual description of the decision> 
Rationale: <a textual description the rationale behind the decision> 
Constraints/Requirements: <a textual description of any new constraints caused by, or any new 
requirements derived from the decision> 
Applies to: <component name> 
 

Figure 6. Textual description of an “issue and decision” [Kang et al. 1990]. 

Features have to be ‘transformed’ into software constructs that realize the variation points. There 
are different moments when this is possible. These moments are binding times, when the feature is 
realized in terms of software. The method describe three possible binding times for the realization 
of optional or alternative features: 

•  Compile-time: features that are decided when the system is built and do not change. This 
kind of features should be realized at compile-time of the system (package) for efficiency 
reasons. 

•  Load-time: features that are defined only at the beginning of the execution of the system. 
These features remain stable during the execution of the system. This usually originates 
what is called ‘table-driven’ software. 

•  Run-time: features that can change during the run-time of the system. The method gives as 
example menu-driven software. One example of such is a word processor that can have the 
auto spelling checker feature active or not. 
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According to [Czarnecki 1998] these binding times are incomplete. In reality there may be other 
binding times, e.g. linking time or first call time (that is very important for just-in-time 
compilation). We can then generalize the binding time concept according to the specific times of 
the systems in the domain. For instance that can be specific times like debugging time and testing 
time. It is possible also to conceive special times in the life cycle of applications like off-line time 
or emergency time.  
 
Apart from the binding time (when to instantiate the feature or component) of a feature there is also 
the problem of the binding local, i.e., the location of the feature (where to instantiate the feature or 
component). For this reason the concept of binding site was introduced to cover both situations 
[Simos et al. 1996]. 
  
Features modeling can be applied in diverse aspects or factors of a domain. Features can be 
classified in the same categories mentioned for the factors of parameterization: operating 
environments, capabilities, domain technology and implementation techniques. 
 
Because features capture domain knowledge from the end-user perspective it’s very natural that 
most features are in fact capability features. Features related to capabilities can be further 
categorized into three areas [Myers 1988]: 

•  functional features: these area basically services that are provided by the applications; 
•  operational features: these are related to the operation of applications ; 
•  presentation features: these are related to what and how information is presented to 

end-users. 
 
These are just the most common categories of features. It is possible that more categories of 
features exist in a given case. These new categories can be identified in the analysis of a domain. 
The method does not discard this possibility. 
 
One of the objectives of features is that they be used for the construction of software components. 
This has to do with moving from the problem space into the solution space. Implementation 
techniques must be used according to the analysis. The implementation techniques vary mainly 
according to the binding time of the feature. For instance, stable features with compile binding time 
can be build/packaged with preprocessor techniques or application generators and run-time features 
can be implemented as menu options.   
 
Domain knowledge is not restricted to features of the domain. There is also the need to capture 
knowledge about the commonalities of the domain. There is the need to know what entities, objects 
or functionality exists in the domain. In order to do so new tools are needed.  
 
As we saw feature modeling enable the capture of domain knowledge from the perspective of the 
end-user. This normally regards capability features. 
 
Apart from then end-user perspective there is the need to capture more precise domain knowledge 
from an implementation perspective. Feature Oriented Domain Analysis does this using a kind of 
Entity-Relationship model. The purpose of this model is to represent the domain knowledge 
explicitly in terms of domain entities and their relationships, and to make them available for the 
derivation of objects and data definitions during the functional analysis and architecture modeling.  
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The Entity-Relationship model is based on Chen’s method [Chen 1976] with the adoption of 
generalization and aggregation concepts from semantic data modeling that are used as predefined 
relationship types [McLeod 1978; Borgida et al. 1984]. 
 
The basic building blocks of the Entity-Relationship model are entity classes and consist-of 
(aggregation) and is-a (generalization) relationships. Entity classes represent classes of objects of 
the domain. Consist-of and is-a are kinds of relationships that can occur between entities. These 
kinds of relationships are of major importance in the method because they can be used to identify 
commonality and differences between entities and so provide the basis for the development of 
components that can be reused and parameterized. The model also provides for the definition and 
use of other types of relationships that may be of importance in the domain. 
  
Given the fact that the entity-relationship model contains domain knowledge from the 
implementation perspective it is the base for identifying and derive objects and components. The 
method makes no assumptions regarding implementation technology. Object-oriented 
programming or other methods and techniques can be used. 
 
In order to build an entity-relationship model for the domain various sources of domain knowledge 
can be used. This gathering of information permits the identification of the entities and their 
relationships and also the attributes of both. This activity will result in the identification and 
understanding of the major domain concepts and their terminology. This information should be 
recorded in domain terminology dictionary.       
 
Functional analysis is the activity in the method witch purpose is to identify the functional 
commonalities and differences of the applications in the domain. 
 
The feature model and entity-relationship model are used as guidelines in developing the functional 
model. The mandatory features and the entities are the basis for defining an abstract functional 
model. In this point the model will have the common functionalities in the domain. The alternative 
and optional features are embedded into the model during refinement. If during the process other 
factors are encountered that can cause functional differences they are defined using the “issues and 
decisions” approach. Issues and decisions are then used in the refinements for parameterization. 
 
The method purposes two forms for describing the functional aspects of a domain: Activitycharts 
and Statecharts.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Developing separating components for each alternative. 
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Figure 8. Parameterization for adaptation to each alternative. 

 
 
 
 
 
 
 
 

Figure 9. Each alternative is an instantiation of the general component. 

Activitycharts describe functions of the domain in terms of inputs, outputs, activities, internal data, 
logical structures, and data-flow relationships. Statecharts specify the behavior in terms of events, 
inputs, states, conditions and state transitions.   
 
The activity of functional analysis should start by the specification of a top-level abstract model of 
the common functionalities in the domain. This top-level model is then refined by the application 
of features and issues and decision. Every feature should be referenced when refining the functional 
model.  
 
The method purpose three different ways to incorporate features and issues and decisions into the 
model: 

•  by developing separate components (refinements) for every alternative (Figure 7); 
•  by developing one component, but with parameterization for adaptation to each alternative 

(Figure 8); 
•  by defining a general component and developing each alternative as an instantiation of the 

general component (with an inheritance mechanism) (Figure 9). 
 
This model should be built after the feature and entity-relationship diagrams. Feature, entities and 
relationships can be used to support the activity of functional analysis. For instance, alternative 
features in the feature model may be used to identify generic functions. Alternative features are 
specializations of a more general feature, and the functionality corresponding to the general feature 
is defined as a generic function witch is inherited by the functions implementing the alternative 
features. Also the generalization/specialization relationships (i.e., is-a relationships) of the 
entity-relationship model can be used to identify generic objects and the functionality associated 
with the generic objects. 

 
A C

B 

D

If A1 

If A2 

Activity AA: 
 
 Perform A,B 
 If A1 perform C 
 If A2 perform D 

Or 

Activity AA: 
Perform A, B 
 

Activity A1: 
Is-a AA 
Perform C 
 

Activity A2: 
Is-a AA 
Perform D 
 



Run-Time Variability in Domain Engineering for Post-Deployment of User-Centric Software Functional Completion 

20 20

 
These results from the domain modeling phase will be used in the requirements analysis when 
engineering a single system in the domain.    
 
All the aspects mentioned so far regard mainly the problem space, i.e., modeling the knowledge of 
the domain. This knowledge must be used to build solutions. The advantage in domain engineering 
is that this knowledge is used in building a framework of artifacts that can be reused in application 
engineering in the domain. All the invariants of the domain can be build and even the possible 
variants. In each new application in the domain the invariants are already build and it is very 
possible that we only need to select witch variants to include in the new application. We are now 
dealing with the solution space, i.e., the building blocks and tools of the domain that can already be 
build and will be reused by the applications in the domain. This issue will be discussed in the next 
section.     
 
2.1.3 Variability Implementation 
 
We can think of applications in a domain as being concrete instances of generic architectures of the 
domain. Architectures represent solutions in the domain. They represent the structure of the 
applications in the domain. Architectures are also the base for building reusable artifacts that are 
used in the building of applications. These reusable artifacts are, for instance, software components 
that implement domain functionalities. When building an application in the domain the architecture 
of the application is an instance of a reference domain architecture and it uses software components 
that fit the architecture. The software components can be select from the features of the new 
application. Common features imply common components that are used in all applications in the 
domain. Variable features require support for variability in the solution space.   
 
As depicted in Figure 2, Feature-Oriented Domain Analysis also encompasses an architecture 
modeling phase.  The focus of this phase is shifted to the design of solutions in the domain. In this 
context the primary goal is to provide a base architecture to support the systems in the domain and 
also the building of software components to be reused (when building these systems). 
 
The architecture model is a high-level design of the applications in a domain. Therefore, the 
method focuses on identifying concurrent processes and domain-oriented common modules, and on 
allocating the features, functions, and data objects defined in the domain model to the processes 
and modules. The packaging of functions and objects into modules must be done considering the 
processing time of the features (i.e., compile-time, activation-time, and run-time) that each module 
implements. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Architectural Layers in Feature-Oriented Domain Analysis [Kang et al. 1990]. 
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In order to more easily cope with future changes in technology or others problems a layered 
architecture approach is adopted. The architecture is defined at various levels of abstraction so that 
reuse can occur at the level appropriate for a given application. 
 
In terms of architecture an application is a collection of programs (i.e., processes) that can be 
compiled separately and executed in parallel. These processes can be defined based on the 
functional analysis. Each process must be designed as a hierarchy of modules with the allocation of 
functions and data objects defined in the data-flow model. Then, domain-oriented common 
modules that can be used across the applications must be identified to increase the reusability. 
 
The method proposes the layered approach presented in Figure 10. At the top, the domain 
architecture layer is represented as a model showing the concurrent domain-processes and 
inter-connections between them. This model is called a process interaction model and is 
represented using the DARTS (Design Approach for Real-Time Systems) methodology 
[Gomaa 1984]. 
 
The domain utilities layer shows the packaging of functions and data objects into modules and the 
inter-connections between them. This is called module structure charts and is represented using the 
Structure Chart notations [Yourdon et al. 1978] following the DARTS methodology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Feature Oriented Reuse Method [Kang et al. 1998]. 
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The common utilities layer contains modules that can be used across different domains. Normally 
programming aspects that are common to applications of diverse domains are realized in modules 
in this layer (examples are synchronization and communication aspects). Aspects that regard the 
operating system or the programming languages are part of the system layer.  
 
As we saw Feature-Oriented Domain Analysis presents some guides into what should be a domain 
architecture. Nevertheless it doesn’t present much information regarding the process of going from 
the problem space into the solution space. This issue is addressed in FORM.   
 
In FORM features became the focus of the method. As such the method establish more sound 
grounds for the mapping between the problem space and the solution space based on features. In 
Feature-Oriented Domain Analysis features are used mainly for the description of the problem 
space by the end-users. In FORM domain designers and application engineers also use features. 
The designers use features to build architectures and the engineers use features to build applications 
in the domain. Figure 11 presents the mapping between features and artifacts/components in 
FORM.  
 
As with Feature Oriented Domain Analysis the FORM method also entails four major aspects 
related to features: capabilities, operating environment, domain technologies and implementation 
techniques. The major difference is that FORM focuses all the feature aspects and not only the 
capability features. By doing so the method captures not only the features of the domain 
applications in terms of functionalities but also the features in terms of implementation details. We 
can imagine these different kinds of features as layers. There can be dependencies between features 
in different layers. For instance, the selection of one functional feature may imply the use of one 
specific implementation feature.   
 
The idea beyond the focus on features in domain engineering is that they are used from the analysis 
phase into the architecture and component building phase. By doing so, in the application 
engineering process the requirements phase can be done by selecting domain features of interest for 
the new application. This selection will guide the selection of the application architecture and the 
reuse of software components. 
 
The adoption of features through all the engineering process raises one major problem: how to 
connect, or map, between the ‘traditional’ feature model used to describe the problem to a decision 
space and ultimately a solution space (components for reuse in application building)    
 
As depicted in Figure 11 the artifact space has also layers. These layers represent reference 
architectures in the domain at different levels of abstraction. The method uses functional features 
mainly to identify required components, while non-functional (technical or implementation) 
features are used to partition components or to select type of connectors between components. 
 
 
The subsystem level defines the overall system structure by grouping functions into subsystems 
that can be allocated to different hardware. This process is guided by matching capability features 
(witch are, by definition, top level features) to the required functions blocks (subsystems).  
Functions should be grouped in a manner that promotes cohesion so that related functions stay in 
the same subsystems. Because components of a subsystem will normally be allocated into a 
machine all the related functions should stay in the same subsystem. Also because of that, 
communication between subsystems should be carefully thought. There can be synchronous or 
asynchronous communications mechanisms between subsystems according to the needs. One 
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common architecture design pattern is the use of different subsystems to user interface 
functionalities and database functionalities.  
 
The design of the subsystem level has to be done with a careful design of the interfaces between the 
different subsystems in order, for instance, to maintain an acceptable degree of performance. 
 
The reference architecture at this level of abstraction is represented by the different subsystems 
(witch one normally represents a top level capability feature) and the connections between them. 
These connections can be synchronous or asynchronous.   
 
Figure 12 presents an example of a subsystem model. We can see that in this example the user 
interface and database management system where considered external subsystems. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 12. Example of FORM subsystems model [Kang et al. 1998]. 

It is very useful to connect between the artifact space and the feature space so that their mappings 
become more explicit. In the case of Figure 12 parallel to the subsystems model there should be a 
corresponding feature model. The feature model should have explicit representation of the set of 
features that are the basis for the subsystem model. In this case Board, Mail, File transfer, etc. are 
subsystems that map to top-level features (or sets of features).      
 
The process level represents the dynamic behavior of each subsystem. The behavior of a subsystem 
is described in terms of processes. Mainly what it does is allocate operational features of the 
capability feature (service feature) assigned to the subsystem to its processes. We can say that each 
process of the subsystem will ‘implement’ operational features of the capability feature of the 
subsystem. 
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Operational features should be allocated to processes according to the notions of cohesion and 
separation with regard to localization of data, localization of control and execution frequency. 
Processes are also categorized as resident or transient with respect to their duration of activation, 
and multiple and simple with the respect to whether they can be forked. Figure 13 presents one 
example of a process model.   
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Example of FORM process model [Kang et al. 1998]. 

The lower level of the architecture model is the module level. This level is developed using features 
at all levels of the feature model. 
 
In FORM modules are in fact the software components to be reused. Every process from the 
process model should be described in terms of modules. As modules reflect ‘selection’ of features 
at different levels we can say that they normally satisfy a set of features. In fact a module contains 
an abstract specification that satisfy the features. So there can be several concrete software 
components that match the specification of one module. The implementation of a module can be 
done in several ways according to diverse reuse strategies. For instance, there can be pre-coded 
components or parameterized template components of even skeleton code components that need to 
be completed.  
 
Figure 14 shows an example of how one module model looks like. In this example the model 
reflects the modules used to implement the Board process. As already stated parallel to the model 
there is always a feature model showing the select features. In the case of a module model there 
should be, normally, features of several levels (capability, operating environment, domain 
technologies and implementation techniques).   
 
Unfortunately, to our knowledge, the FORM method doesn’t add much more light into the process 
of design and implementation of reusable modules, i.e., components and the composition of them.  
 

Articles 

Message queue 

Board client 

Board DB 
client daemon

Editor 

Service request/reply 

DB request/reply

Edit req/reply 

Data req/reply

Name 

Name 

Name 

Name
Name 

Message/reply 

Shared data 

Resident process 

Transient process 

Multiple processes 

Board subsystem 



Related Work 

 25

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Example of FORM module model [Kang et al. 1998]. 

The Object Connection Architecture proposes a method to realize concrete designs and software 
components based on domain models as the ones resulting from Feature-Oriented Domain 
Analysis. It also relies on the notion of subsystem as the first level of partition of a system. 
Subsystems interact with witch other by means of imports and exports. We can say that imports and 
exports define the interface of the subsystems. Objects represent the behavior (and possible state) 
of real-world or virtual entities. Subsystems are composed of objects. A subsystem uses a 
controller to coordinate the activities of its composing objects. At a higher level there is the notion 
of an executive that coordinates the subsystems. Surrogates are a concept that OCA uses to 
represent logical or physical devices that interface with the system. The concept of signature is 
used to represent the interface of OCA components (objects, subsystems and surrogates). To 
support a separation between an object and its actual implementation each object has a manager, 
witch is basically a mediator between the object implementation and the clients of the object. The 
objective is to achieve a higher degree of independence from the implementation.    
 
OCA describes the process of mapping from domain models to software components. Let’s take for 
instance the case of the object concept. Objects are one of the more important parts of an OCA 
architecture because they represent the base functionality. They are the building blocks of 
subsystems witch in turn compose the architecture of a system. As mentioned, objects represent 
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entities, so they can be identified based on diagrams such the entity-relationship diagram of 
Feature-Oriented Domain Analysis. Objects that need to be represented are identified based on the 
selected features. For instance, if we don’t select any feature related to an entity of the domain we 
don’t need to define an object for that entity. According to OCA one way to discover the operations 
of an object is from the possible features of the object identified in the feature diagram. Other 
source can be the functional model. The possible composition of features can also guide the object 
definition. For instance, all mandatory features (descendent from a selected feature) need to be 
implemented in the object. Alternative features can be supported with different implementations of 
the object.         
 
In an OCA architecture objects implement features. Objects can them be combined into 
subsystems. A system is then composed of subsystems. This composition concept is expanded in 
GenVoca.    
 
Genvoca is a method that synthesizes software systems by composing components from reuse 
libraries. The GenVoca base approach to building software systems has some similarities with 
Draco because they both are transformation systems. This means they both rely on transformation 
mechanisms to produce the software system. 
 
The GenVoca method is based on Genesis [Batory et al. 1988], a database management system 
generator and Avoca [O’Malley and Peterson 1992], a generator in the domain of network 
protocols. The similarities of Genesis and Avoca led to the appearance of GenVoca 
[Batory and O’Malley 1992]. 
 
The development of software using GenVoca is based on the composition of components thru 
layers of data types. These layers of data types represent features of the component. In this manner 
layer compositions can be described by expressions. Here is an example of a GenVoca expression 
for a component: 
 
bag[concurrent[sizeof[unbounded[managed[heap]]]]] 
 
This expression is defining a collection component with diverse features. A data type layer 
represents each feature. Each layer contributes to the component composition with classes, 
attributes and methods that implement the corresponding feature (or features). By stacking the 
different layers we can combine the different features that the component needs. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. Tree representation of GenVoca expression A[B[D, E], C[F, G]] [Czarnecki 1998]. 
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This combination of layers in order to achieve one certain behavior has some similarities with the 
inheritance mechanism of the object-oriented model. In the object-oriented model inheritance is 
used to add new behavior to a class by specializing its original features. We can see GenVoca 
layers in a manner similar to inheritance but with a larger scope. In fact, GenVoca layers are not 
confined to work with only one class; a typical layer is a combination of several classes. As we will 
see later there are also other differences from the inheritance mechanism. 
 
Layers can be viewed as parameterized components. For instance, in the previous example, the 
sizeof layer has the unbound layer as parameter witch in turn has the managed layer as parameter. 
So, layers can (and normally) have other layers as parameters. In the previous example all but the 
heap layer have other layers as parameter.   
 
In general a GenVoca layer can have more than one parameter. Lets take for instance the following 
expression: A[B[D, E], C[F, G]]. If we make a visual representation of this expression we get a tree, 
like the one in Figure 15. As we can see layers D and E became parameters of layer B witch is a 
parameter of layer A. Layer A has also C as a second parameter. C is composed of layers F and G. 
 
In order for the GenVoca composition of layers to work we need to specify how the layers can be 
composed. For that, for each layer it’s necessary to specify the interfaces the layer expects as 
parameters and the interfaces it exports. These interfaces are called realms. A realm is basically a 
collection of class and method signature declarations. A layer belongs to a realm if it exports all the 
classes and methods declared in the realm (the layer can export more classes and methods than the 
ones declared in the realm). 
 
Using this concept of realm, we can express, for instance, the following GenVoca domain model: 
 
R={A[x:S, y:T]} 
S={B[x:U, y:V]} 
T={C[x:U, y:X]} 
U={D, F} 
V={E} 
X={G} 
 
In this model R, S, T, U, V and X are realms. A, B, C, D, E, F and G are layers. The expressions state 
what realms are exported and imported from the layers. The first expression states that the realm R 
is exported from layer A witch imports as parameters realms S and T. The model also states that 
realm U is exported from the layers D and F witch do not import any realms. Figure 15 represents a 
valid layer composition according to this model. 
 
In addition to realm parameters a layer can have also constant and type parameters. Realm 
parameters are called vertical parameters because they affect the all hierarchy of layers. Constant 
and type parameters are called horizontal parameters because they only affect the layer in witch 
they are parameters.   
 
In order to better understand the concepts we will present an example of a GenVoca component 
composition based on [Czarnecki 1998]. This example uses an extension to C++ called P++. P++ 
extends C++ with new language features that enable the specification of the GenVoca modeling 
concepts [Singhal and Batory 1993]. 
 
Figure 16 presents an example of how realms can be declared in P++. The figure presents two 
realm declarations: one is a declaration of a ‘simple’ realm and the other is a declaration of a realm 
based on another realm (by means of inheritance). The first realm (DS) defines the interface to a 
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data structure. As we can see, in this example, two classes define the data structure: a container 
class and a cursor class. In a certain way, the realm declaration is similar to a C++ template 
declaration. In the case of the DS realm the data type of the elements of the data structure is defined 
by the e template parameter. The second realm (DS_size) is based on the first. The realm DS_size 
is a subrealm of DS, so it inherits all the classes and methods of DS. As we can see it also adds the 
method read_size() to the container class.  
 
 

 
template <class e> 
realm DS 
{ 
    class container 
    { 
        container(); 
        bool is_full(); 
        ... // other operations 
    }; 
 
    class cursor 
    { 
        cursor (container *c); 
        void advance(); 
        void insert(e *obj); 
        void remove(); 
        ... // other operations 
    }; 
}; 
 
template <class e> 
realm DS_size : DS<e> 
{ 
    class container { int read_size(); }; 
}; 
 

Figure 16. Example of realm declaration [Czarnecki 1998]. 

If we go back to the GenVoca expression presented in the previous section we can say that the DS 
realm could be exported by the unbounded layer and imported (parameter of) by the size_of layer. 
The size_of layer would export the DS_size realm. In turn, the concurrent layer could import and 
export the DS_size realm. This makes the concurrent a symmetric layer because it imports and 
exports the same realm. 
 
Figure 17 presents the possible implementation of the layers size_of and concurrent. To be noted 
that because a layer is in fact a software component it is named that way in P++.  The definition of 
a component starts by specifying what are its parameters. In the case of the size_of component it 
has two parameters: one type parameter (class e) and one realm parameter (DS<e> x). After the 
name of the parameter it is specified the exported realm(s). In the case of the size_of component the 
exported realm is DS_size<e>. 
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template <class e, DS<e> x> 
component size_of: DS_size<e> 
{ 
  class container 
  { 
    friend class cursor; 
    x::container lower; 
    int count; 
 
    container() { count = 0; }; 
 
    int read_size() { return count; }; 
 
    bypass_type bypass(bypass_args) 
    {  
      return lower.bypass(bypass_args); 
    }; 
  }; 
 
  class cursor 
  { 
    x::cursor *lower; 
    container *c; 
 
    cursor (container *k) 
    {  
      c = k; 
      lower =  
        new x::cursor(&(c->lower));  
    }; 
 
    e* insert (e *element) 
    {  
      c->count++; 
      return lower->insert(element);  
    }; 
 
    void remove() 
    {  
      c->count--; 
      lower->remove();  
    }; 
 
    bypass_type bypass(bypass_args) 
    {  
      return  
        lower->bypass(bypass_args);  
    }; 
  }; 
}; 
 

 
template <class e, DS_size <e> x> 
component concurrent: DS_size <e> 
{ 
  class container 
  { 
    friend class cursor; 
    x::container lower; 
    semaphore sem; 
 
    container() { }; 
 
    bypass_type bypass(bypass_args) 
    {  
      bypass_type tmp; 
      sem.wait(); 
      tmp = lower.bypass(bypass_args); 
      sem.signal(); 
      return tmp;  
    }; 
  }; 
 
  class cursor 
  { 
    x::cursor *lower; 
    container *c; 
 
    cursor (container *k) 
    {  
      c = k; 
      lower =  
        new x::cursor(&(c->lower));  
    }; 
 
    bypass_type bypass(bypass_args) 
    {  
      bypass_type tmp; 
      sem.wait (); 
      tmp = lower->bypass(bypass_args); 
      sem.signal(); 
      return tmp;  
    }; 
  }; 
}; 
 

Figure 17. Implementation of layers sizeof and concurrent [Czarnecki 1998]. 

The size_of component implementation is coherent with the fact that it exports the DS_size realm. 
Because it has to add the size feature to a data structure (the DS realm) it implements the 
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read_size() method of the container class and also defines the constructor (in order to initialize to 
zero the counter of the data structure elements). Another aspect of the implementation to be noted 
is the access to the parameters of the component. In the case of the sizeof component the parameter 
DS<e> is named x. This name of the parameter is used, for instance, in the declaration 
x::container lower. In this way the class container of the sizeof component can access the container 
implementation of the imported realm. The lower variable is used in the method bypass() of the 
container class. This method is a special method of the P++ language.       
 
All the methods declared in the exported realm and not explicitly implemented in a component are 
implicitly defined by the bypass construct. In the case of the size_of container class what the 
bypass() does is redirect all other method invocations to the lower container class (bypass_args 
and bypass_type match, respectively, the method arguments and return type). The bypass() 
method is used in a different way by the concurrent component. It uses the bypass() method to 
wrap all the methods with invocations to a semaphore wait() and signal() statements in order to 
implement its behavior.  
  

 
template <class e, int size> 
component bounded : DS<e> 
{ 
  class container 
  { 
    e objs[size]; 
    ... // other methods and attributes 
  }; 
 
  class cursor 
  { 
    int index; 
    ... // other methods and attributes 
  }; 
}; 
 

Figure 18. Implementation of the layer bounded [Czarnecki 1998]. 

Components in GenVoca can also be specified without realms as parameters. This is the case of the 
bounded component presented in Figure 18. The bounded component has two parameters: a data 
type and an integer. The integer is used to initialize the number of elements of the bounded 
container. The type parameter specifies the type of the elements of the container. The bounded 
component exports the realm DS<e> so it could be a parameter of the component size_of.  
 
Figure 19 presents an example of the successive implementations of read_size() after each 
composition layer. The marked text represents the successive changes in each component 
composition. 
 
The GenVoca method presents a real possibility of composing software components through layers 
of types, i.e., other software components. This mechanism is similar to inheritance but more 
generic, since the components can be composed of multiple types. If we think of GenVoca realms 
as features we can say that a component implements features (the exported realms) and needs 
implemented features from other components. We can say that the GenVoca method brings closer 
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the problem space and the solution space. The mapping between features and implementing 
components is then more easily done.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19. Successive implementations of read_size() [Czarnecki 1998]. 

GenVoca is also a transformation system. As depicted in Figure 19, functionalities of the 
components are transformed during their composition. This is similar to what happens also in the 
Draco system.  
 
In Draco, a program specified in some domain is parsed by the domain parser into an internal form. 
The program in this internal form is then transformed and refined. Draco uses also source-to-source 
transformations techniques in order, for instance, to remove inefficiencies in the domain. The 
refinement will result in the internal form been specified in fragments of many other domains using 
software components. This process should continue until the resulting refinements lead into an 
executable domain.  
 
A problem in the domain A is then specified in the external form of the syntax of the domain A, i.e., 
ext[A]. The parser for the domain A will transform that representation into the syntax of the internal 
form, i.e., int[A]. All the transformations in Draco are made in the internal form. The language 
prettyprinter of a domain should be able to transform an internal representation of the domain into 
an external representation. The source-to-source transformations mentioned transform internal 
representations of one domain into internal representations of the same domain (int[A] into int[A]). 
 
In Draco, the software components specify the semantics of the objects and operations in a domain. 
The meaning (semantics) of software components is specified in terms of other domains in Draco. 
The specification of a domain component is based on relating the internal form of the domain to the 
internal form of other domain domains (or the same domain), i.e., int[A] to int [A,B,...,Z]. There is 
a component for each object and operation in a domain. Each component contains many 
refinements each of which is a possible refinement for the object or operation in the domain (which 
the component represents). 
 
The Draco approach of using several domain languages, witch one aimed at specifying some 
particular aspect of a program and using a mechanism of transforming program specifications from 
one domain to another until the specification is expressed in an executable domain its simple but 
powerful. This approach aims at closing the gap between the problem space and the solution space. 
There will be some high level domain-specific language in witch domain experts and end-users can 
specify their domain logic. That is also the aim of using features and feature diagrams in domain 
engineering.   

int read_size() 
{  
  ?  
}; 

int read_size() 
{ 
  int tmp; 
  sem.wait(); 
  tmp=lower.read_size(); 
  sem.signal(); 
  return tmp;  
}; 

int read_size() 
{ 
  int tmp; 
  sem.wait(); 
  tmp=lower.count; 
  sem.signal(); 
  return tmp;  
}; 
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The Draco method influenced many research projects. We find of particular interest the work of 
Simonyi on intentional programming [Simonyi 1995], also a transformation-based programming 
environment. Intentional programming was a research project from Microsoft that was leaded by 
Simonyi. The main idea is that programming tools and technologies should represent the intentions 
of the programmer’s abstractions without being confined to one language at a time. 
 
This view of programming is based on the fact that real problems require abstractions from 
different domains. Therefore, only one domain-specific language normally is not enough. In order 
to achieve this goal in intentional programming, new abstractions are added as needed. This new 
abstractions are expressed in terms of abstractions already in the system. Another particularity of 
intentional programming is that programs are entered directly using commands. The traditional 
approach to programming based on source code does not apply to intentional programming. In 
reality programs are entered directly as abstract syntax trees. The only need for traditional parsers 
is for importing source code already written in legacy languages (C++, Java, RPG, etc.) into the 
system.  
 
Because programs are represented using abstract syntax trees all the aspects of development are 
also based on this representation. As such, nodes of the abstract syntax tree have methods (default 
or user defined) for all aspects of development regarding the abstraction that is represented in the 
node. The methods of a node specify its behavior in development aspects such as editing, 
displaying, optimizing, generating code and debugging.  
 
Intentional programming as presented is a very advanced programming system. To our knowledge 
the system did not pass a prototype stage of development even if documented results were 
promising. Nevertheless the project seems to have influenced recent commercial products from 
Microsoft and also some of its recent documented research. In fact, some characteristics of the .Net 
framework [.Net Framework] seem very close to intentional programming. For instance, the .Net 
framework support for multiple programming languages; extending metadata about programs using 
attribute programming; reflexive programming and the set of classes in the namespace CodeDOM 
that support the representation of the logical structure of source code at run-time, independent of 
language syntax. In the research area intentional programming seems to have influenced other 
projects like, for instance, the Phoenix project [Phoenix].     
 
In this section we present some of the main methods, techniques and technologies used for 
implementing variability in software. We did not detail all the possibilities for implementing 
run-time variability. For instance, we did not describe the technique we think is the most used: 
pre-processing compiler directives for optional code compiling (in C/C++ languages the #if 
directive). Our focus was on variability implementation mechanisms with a high degree of 
manageability and productivity that are as close possibly to the domain language. This is the case 
of the GenVoca composition and transformation mechanism. The major limitation of this 
variability implementation mechanism is that they depend on selection and composition at build 
time. As mentioned in section 1 this is not sufficient for very high dynamic run-time situations. In 
theses cases we must deal with variability at run-time. In our work we propose that one way to 
achieve this is by using domain-specific languages at run-time.  
 
For variability to be solved at run-time it is necessary the intervention of the application end-user. 
The end-user intervention can be as simple as a run-time feature selection, for instance, by means 
of an option selection in a configuration screen of the application. There can be also more complex 
scenarios, possible in very dynamic domains. In these cases it may be necessary for the end-user to 
complete the functional specification of application’s features at run-time. This functional 
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completion ought to be made, if possible, by using a language as close to the domain language as 
possible. This requirement will make possible for an end-user with domain and system 
(application) knowledge to complete the functional specification of dynamic features. Clearly the 
end-user who is going to complete the application’s functionality should also be a domain expert. 
As we will see in the next section, domain-specific languages are tools that potentially can support 
these requirements. 
  
2.2 Domain-Specific Languages 
 
Although several authors give their one definition of domain-specific language (DSL), there is a 
great degree of communality between them. One could agree that the term domain-specific 
language is almost self defined and does not need further explanation. Nevertheless is essential to 
add that the term DSL regards a programming language and that it syntax and semantics are 
specialized for a particular application domain or type of problem [Hudak 1998; Thibault 1998]. 
Given this definition several well known programming languages can be classified as domain 
specific. We could say that SQL is a DSL for the domain of querying and manipulating relational 
databases or that HTML is a DSL for the domain of constructing hyper linked digital documents. 
Following this line of rationing it is also acceptable to say that DSL are programming languages 
that sacrifice generality in order to achieve greater proximity with some specific problem domain 
[UTCAT].  
 
Several times there is a natural tendency to relate the terms abstract and specific as if they 
represented opposite extremes of some dimension. The possibly range of values of such dimension 
would be from a value that represent something specific to one that would represent something at 
the highest abstraction level. Sometimes this view comes from some textbooks on object-oriented 
model that don't precisely clarify the terms. In fact these two terms are distinct and orthogonal. The 
term specific means something relating to one thing and not others; something particular. The term 
abstract means something existing as an idea, feeling or quality, not as a material object 
[Cambridge]. Thus it is possible for something to be specific (or particular) of some area and at the 
same time with a high degree of abstraction. In the case of programming languages one can classify 
them in these two orthogonal dimensions: specialization and abstraction. 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 20. Dimensions of programming language classification. 
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As an example, the assembly language has a low degree of abstraction, since the programmer 
works with very low level constructs and can also be classified as having almost none specificity 
since the language constructs are also very generic, enabling the development of programs for very 
diverse areas. We can say that the assembly language is a generic programming language (GPL) (as 
opposed to specific).    
 
The abstraction concept is different. As the former definition refers, an abstraction is something 
intangible, as an idea or feeling. In computer languages, abstractions are normally used to model or 
represent real objects. As such we can have very distinct levels for different abstractions of a given 
object. A very high level abstraction has fewer details. Lower level abstractions have more details.   
 
As we raise the level of abstraction of some object we are underestimate elements, or features, that 
regard the real object but don't mater in that level of abstraction and in a given context of analysis. 
In the programming language area this usually (but not always) means that a programming 
language with a higher level of abstraction permit that the programmer write less code in order to 
do some operation than in a language with a lower level of abstraction. This also means that the 
programming language implicitly will do more work as it level of abstraction grows. Confusing 
regarding the terms specific and abstract rises from the fact that normally as the level of abstraction 
of one programming language rises, the language also narrows his scope, and so becomes more 
specific. But this doesn't happen always, as we can see in Figure 20. 
 
The base constructs of programming languages are abstractions. Procedural languages, for 
example, have abstractions for procedures and basic data types. Some programming languages 
allow the definition of new abstractions by the programmer. In object oriented languages the class 
abstraction is used to enable the definition of new abstractions by the programmer [Thibault 1998].  
 
Normally a GPL has some base generic abstractions that can be used in several domains of 
application of the programming language. The necessity of more specific abstractions can be 
solved if the GPL has constructs that enable the definition of new abstractions. A GPL with this 
characteristic can be used to define abstractions for specific domains. That’s why some 
domain-specific languages are based on GPLs with class libraries containing the abstractions 
specific to the domain. This is one of the ways one can build DSLs [Hudak 1996]. 
 
DSLs need to give the programmer an abstraction level appropriated to the given domain. The 
abstractions of the DSL should be very close to the abstractions the domain expert is used to work 
and think of. The constructs and syntax of the language should also be close to the 
technical/specific language of the domain expert. As DSLs should provide the domain abstractions 
it is possible that some DSLs do not supply means for creating new abstractions [Thibault 1998]. 
The reason is that the degree of specificity of some DSL is so great that all abstractions necessary 
to that very specific domain are pre-build in the language. In this case, if the DSL supported the 
means of defining new abstractions it would loose it specific character and become a more generic 
language (but it level of abstraction would be the same). DSL apart from being specific tend to 
have high levels of abstraction. 
 
2.2.1 Classification of Domain-Specific Languages 
 
As Czarnecki argues, DSLs can be further classified as general modeling languages or 
application-oriented languages [Czarnecki 1998]. A DSL can be specific in a system wide domain, 
for example, a synchronization language like COOL [Lopes 1997]. This language could be applied 
to several different application domains with synchronization needs. On the other end, a DSL can 
be specific to a given application oriented domain, such as a language for the specification of 
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financial products. That is the case of RISLA [Deursen et al. 1996]. So, a DSL, apart from having 
some degree of specialization and abstraction can also be further classified in a third dimension of 
application oriented features (vertical applicability vs. horizontal applicability), or scope of the 
language.  
 
System wide, or horizontal languages, also normally encompass only one system part or aspect 
(like synchronization). Application specific or vertical languages encompass aspects of a given 
vertical domain and therefore cannot be used outside that vertical domain. This is the case of 
RISLA. This third dimension in language classification is presented in Figure 21. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21. A third dimension of programming language classification. 
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A horizontal scoped DSL is a language that has a broader or system wide scope. The language, 
although specific, can be applied to diverse application domains. Examples of such horizontal 
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One such example is D, a horizontal domain-specific language aimed at programming coordination 
and distribution aspects of applications [Lopes 1997]. These are also called programming aspects 
of an application. In fact, D enables that the programmer specify horizontal aspects, or concerns of 
the application, in isolated modules that are then combined to form the resulting program. Aspect 
oriented program is the technique in witch D is based on [Kiczales et al. 1997].  
 
In D, the programmer can separate the distribution and synchronization concerns from the program. 
Normally these concerns would be coded in a mixed way with the main functional aspects of the 
program. This will normally result in what is called tangled code. Tangled code has a mix of 
several aspects, and as such, is very difficult to identify and maintain the various aspects of the 
program. All aspects of the program are mixed in the generic programming language that is used to 
code the program. The aspect oriented programming technique is based on the use of a DSL to 
program horizontal or system wide aspects of the system, removing this code from the GPL 
program. On program compilation the DSL is combined with the GPL for the generation of the 
resulting program. Normally the syntax of the horizontal DSL is very close to the syntax of the 
GPL. On generation, the DSL is transformed into the native syntax of the GPL and the code is 
joined with the GPL code with a technique called code weaving. Section 2.3.2 presents an example 
of the D language and the techniques of aspect oriented programming. 
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Vertical Scoped DSLs 
 
Vertical scoped DSLs are languages that are specific to a particular application or activity. This 
kind of DSL normally can only be applied to an application or family of applications. Examples of 
such vertical scoped domains are insurance, finance or medical domains. 
 
One example of a DSL that has a vertical scope is RISLA. This DSL is used by a bank to describe 
is interest rate products. The domain expert of the bank can use RISLA to define interest rate 
products. The RISLA compiler will transform this product definition in COBOL programs that can 
be integrated in the bank system. This generated COBOL programs can then be used to permit the 
bank system users to work with the new specified product. The RISLA language and supporting 
tools is described in section 2.3.3. 
 
2.2.2 DJ Language 
 
D is a horizontal domain-specific language aimed at specifying coordination and distribution 
aspects of applications. The language itself was designed to work with a host language. In working 
with D, the host language is used to specify the functional aspects of the application. D was design 
to work with general-purpose languages as host languages for the functional aspects of 
applications. These general-purpose languages that D was design to work with are also named 
component languages because they are very well suited for implementing software components. 
 
A software application build with D will have a separation of the coordination and distribution 
aspects of the program from the functional ones. D covers the coordination and distribution aspects 
and the host GPL covers the functional aspects. On compilation the three aspects are combined to 
generate the output program. One of the major advantages of using D is that the programmer can 
reason about the problem in three independent slices, or aspects: functional, distribution and 
coordination. D shares his goal with other aspect-oriented languages and with the aspect oriented 
programming technique. For the specification of the coordination and distribution aspects D has 
two domain-specific languages: Cool for the coordination aspects and Ridl for the distribution 
aspects.  
 
For clarity reason we will present only the domain language used in D for specifying coordination 
aspects. 
 
The Host Language 
 
D was designed to work with component languages such as Java or C++. The major restriction of 
the host language is that it must be an object-oriented language. The D language expects the host 
language to have the class construct with the same semantic it has in the mainstream 
object-oriented languages. D also supports that classes be defined by means of inheritance.  
 
DJ is a concretization of D for use with Java as a host language. The Java hosting language has 
only one restriction: it doesn’t support the synchronized keyword. This is because the coordination 
aspects will use new keywords from the DSL and as such the synchronized Java keyword becomes 
obsolete. 
 
The syntax of the DSL aimed at coordination and distribution is very close to that of the Java 
language. The objective is that the programmer sees D as an extension to Java, as opposed to a 
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completely new language that he has to use in order to specify coordination and distribution aspects 
of the application. 
 
Example 
 
Figure 22 represents an example of application of the DJ language. This example is based on 
[Lopes 1997] and presents one possibly solution for the bounded buffer problem using DJ for 
specifying the coordination aspects of the program.  
 
The bounded buffer is basically an object that olds internally a buffer of objects. The bounded 
buffer object also manages access to the internal buffer. One can insert objects into the buffer 
(producers) and remove objects from the buffer (consumers). Producers will wait if the buffer is 
full and consumers wait if the buffer is empty. Access to the bounded buffer by the producers and 
consumers can be made concurrently. 
 
The functional aspects of the program are specified in the class BoundedBuffer. This code is 
basically the Java implementation of the bounded buffer without regarding any questions or aspects 
of concurrency.  
 
The coordination aspects of the problem are specified with the coordinator construct. This keyword 
is part of the DJ DSL for coordination and distribution. Coordinators are used to specify 
coordination aspects of one or more classes. The connection between the coordinators and the 
classes is made by name (bind by name).  
 
The syntax of coordinators is very close to the syntax of Java classes. The coordinator has access to 
the members of the class that it controls. In the coordinator we can specify data members in a 
manner very similar to the way we do with regular classes. Methods can also be specified. The aim 
of these methods is to specify coordination aspects, namely suspension and notification of 
accessing threads, normally based on the state of the data members of the coordinator and possibly 
the coordinated objects. 
 
The selfex keyword specifies that put and take methods of the coordinated class can only be 
executed by one thread at a given time. If the coordinator only had this statement it was possible to 
have two different threads executing the put and take methods at the same time. But this is not the 
behavior we want for the coordination aspect of this little program. We do not want put and take to 
be execute simultaneously. That’s why the coordinator has the mutex statement. In DJ we can use 
the mutex keyword to specify mutual exclusion in a set of methods. In this case put and take 
cannot be executed simultaneously.  
 
The coordinator of the bounded buffer class also specifies two condition variables: full and empty. 
Condition variables are different from ordinary variables since they can be used to control the 
suspended state of threads. Condition variables can only be of Boolean type.  
 
For the control of accessing threads and change of the state of coordinators DJ uses method 
managers. Method managers are associated with methods of the controlled class and can use 
condition variables as entry conditions. A method manager can have code that is executed on entry 
of the associated class method and on exit. This code can access values of variables of the 
coordinator and of the coordinated classes but can only change variables of the coordinator. 
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public class BoundedBuffer  
{ 
    private Object array[]; 
    private int putPtr = 0, takePtr = 0; 
    private int usedSlots=0; 
 
    public BoundedBuffer(int capacity)  
    { 
        array = new Object[capacity]; 
    } 
 
    public void put(Object o)  
    { 
        array[putPtr] = o; 
        putPtr = (putPtr + 1) % array.length; 
        usedSlots++; 
    } 
 
    public Object take()  
    { 
        Object old = array[takePtr]; 
        array[takePtr] = null; 
        takePtr = (takePtr + 1) % array.length; 
        usedSlots--; 
        return old; 
    } 
} 
 
coordinator BoundedBuffer  
{ 
    selfex put, take; 
    mutex {put, take}; 
    cond full = false, empty = true; 
    put: requires !full; 
    on_exit  
    { 
        empty = false; 
        if (usedSlots == array.length) 
            full = true; 
    } 
    take: requires !empty; 
    on_exit  
    { 
        full = false; 
        if (usedSlots == 0) empty = true; 
    } 
} 
 

Figure 22. Bounded Buffer implemented with horizontal DSL DJ [Lopes 1997]. 

In our example the coordinator class has two method managers relative to the put and take method 
of the controlled class. Basically these methods update the state of the condition variables full and 
empty. These variables represent the controlling state. They also guard the execution of the 
corresponding methods of the coordinated class. In this example the put method can only be 



Related Work 

 39

executed by one thread if the condition variable full is false, i.e., we can only add an element to the 
bounded buffer if it is not full. Similarly we can only remove an element form the bounded buffer if 
it is not empty. 
 

public class BoundedBuffer  
{ 
    private Object[] array; 
    private int putPtr = 0, takePtr = 0; 
    private int usedSlots = 0; 
 
    public BoundedBuffer (int capacity)  
    { 
        array = new Object[capacity]; 
    } 
 
    public synchronized void put(Object o)  
    { 
        while (usedSlots == array.length)  
        { 
            try  
            { 
                wait(); 
            } 
            catch (InterruptedException e) {}; 
        } 
        array[putPtr] = o; 
        putPtr = (putPtr + 1) % array.length; 
 
        if (usedSlots++ == 0) 
        notifyAll(); 
    } 
 
    public synchronized Object take()  
    { 
        while (usedSlots == 0)  
        { 
            try  
            { 
                wait(); 
            } 
            catch (InterruptedException e) {}; 
        } 
        Object old = array[takePtr]; 
        array[takePtr] = null; 
        takePtr = (takePtr+1) % array.length; 
 
        if (usedSlots-- == array.length) 
        notifyAll(); 
        return old; 
    } 
} 

Figure 23. Bounded Buffer implemented only with the Java GPL [Lopes 1997]. 
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Figure 23 presents the implementation of the bounded buffer without DJ. This implementation is 
based only in the standard constructs of the general purpose language Java. The code that deals 
with coordination is marked. This code is intermixed with the functional code of the bounded 
buffer. This obviously makes the comprehension of the program more difficult. In the DJ version of 
the program the code is much more ‘clean’. The coordination aspect of the program is mixed with 
the functional aspect. In the DJ version the two aspects are separated and can be developed and 
maintained with a high degree of independence.  
 
Implementation Details 
 
DJ is an implementation of D for working with the Java GPL. One of the design decisions of the 
authors of D was the independence between the aspect language and the GPL language 
[Lopes 1997].  
 
The DJ language is a language based on the Java language with almost all the constructs of the Java 
language for specifying the functional aspects of a program. The only limitation is the lack of the 
synchronized keyword. For the coordination and distribution aspects of a program the DJ adds new 
constructs. 
 
The implementation is totally based in the Java language. The compilation of a DJ program 
basically translates the source code of DJ into Java and then compiles the resulting source with the 
Java compiler. 
 
The aspects that are independently specified in DJ are combined on compilation. The result is a 
‘standard’ Java program with all the aspects ’merged’. This merging operation is known as 
weaving. The process of compilation of DJ (weaving) is presented in Figure 24. 
 
 
 
 
 
 
 
 
 
 
 

Figure 24. Compilation process of the coordinator aspects in DJ [Lopes 1997]. 

Each class (functional aspect of program) in DJ will result in a Java class and each coordinator in 
DJ will result in a Java class with the coordination aspects of the program. The weaving, or merge, 
of the functional and coordination aspects is done through changes in the functional class in order 
to call the coordination code. Basically this is achieved as depicted in Figure 25. 
 
Each coordinated class will have a private variable of the correspondent coordinator class.  This 
variable is initialized in the constructor of the coordinator class. If the coordinator functions on per 
instance ‘mode’, i.e., there is a coordinator object for each instance of the coordinated class this 
variable will be initialized with a new instance of the coordinator class. If the coordinator will 
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coordinate all the instances of the coordinated class then the variable is always initialized with the 
same instance of the coordinator.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 25. Java code resulting from weaving [Lopes 1997]. 

The coordinator variable in the coordinated object is used to invoke the coordinator at the 
coordination points. For each specification of a managed method in the coordinator the 
corresponding method of the coordinated class will be changed to possible include the on entry and 
on exit coordination logic. Basically the coordinated class will call an on entry method of the 
coordinator before executing the functional code and will call an on exit method after executing the 
functional code. In order to call these methods the coordinated class will use the coordinator 
variable. The called methods must have at least one parameter that is used to pass the reference of 
the coordinated class to the coordinator. This will enable the access to the coordinated object by the 
coordinator.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 26. Relationship between DJ source and Java generated source [Lopes 1997] 
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Figure 25 presents a simplified representation of the relationship between coordinator and 
coordinated class after the described process of code weaving.  
 
Figure 26 represents the relationship between the input and output source resulting from the 
weaving proc process.  
 
There are much more details regarding DJ implementation. For legibility we leave out the 
distribution aspect of the language. We also leave out questions regarding how to deal with class 
heritance and how it may affect the coordinator aspect. The weaving process also becomes more 
complex when more than one aspect has to be weaved in one class, as is the case of DJ.     
 
2.2.3 RISLA 
 
RISLA is a language designed to enable the specification and manipulation of interest rate products 
[Deursen et al. 1996]. Mortgages, loans and futures are examples of financial products that can be 
specified in RISLA. RISLA was initially developed as a project involving a Dutch bank.  
 
One of the major characteristics of finance products is their relative short lifetime as opposed to 
other industries like manufacturing. Financial enterprises have the need for rapidly create new 
products because of the also very rapid evolutions of the financial markets.  
 
Many financial institutions have long time ago chosen to implement her software using proprietary 
platform and business programming languages like COBOL or RPG. This was the case of the 
referred Dutch bank. The relatively high time to market of new products, because of the need for 
new COBOL developments or changes in existing programs, lead the bank to start a project witch 
aimed the resolution of the problem. This was the context of the appearance of the RISLA project. 
This project also involved the software house CAP Volmac and the Dutch national center for 
mathematics and computer science CWI [Brand et al. 1996]. 
 
Implementation Details 
 
The idea behind RISLA is to give the domain expert, i.e., the interest rate product engineer, the 
capability of describing new products in a language close to his technical language. In this way the 
creation of new interest rate products wouldn't require programming new software in COBOL.  
 
Basically an interest rate product defines a scheme of agreements between two parts involved in a 
contract: the bank and the customer. As such, a product functions very much like a template or 
class for similar contracts. An instance of a product is therefore a contract made by the bank and a 
specific customer.  
 
The product specification made by the interest rate product engineer using RISLA should be 
enough for the RISLA compiler to be able to generate all the COBOL programs needed. This 
includes not only COBOL programs to calculate cash flows for the new product but also programs 
to inspect and query the new contracts of the product and also programs to enter these new 
contracts. All this generated programs resulting from the compilation of a RISLA interest rate 
product specification will be linked and called by several points of the bank software system. The 
COBOL generation not only regards the easy interface of the programs with the bank system but 
also the reuse of COBOL routines already existent in the system. The RISLA definition of an 
interest rate product allows the declaration and reuse of such existing COBOL routines. 
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Figure 27. RISLA compilation and execution process. 

Apart from the possibility of reusing existing COBOL routines the RISLA team also concluded that 
some reusing mechanism for RISLA programs was needed. In deed the adoption and generalization 
of RISLA for the specification of the interest rate products rapidly originated a significant number 
of RISLA programs with the same low-level computations specified in different products. This lead 
to the introduction of a reuse mechanism called Modular RISLA. Modular RISLA introduces the 
concept of component. Interest rate products can be specified using such components. A 
component is like a product; it has contract data and methods. As products can reference 
components, components can also reference other components. The actual implementation is based 
on a import/renaming mechanism that translates a modular RISLA program into a flat RISLA 
program. The new composition mechanism is called, in the generation process, before the original 
RISLA compiler, as can be observed in Figure 28.     
 
The RISLA development tools also includes a language called Risquest witch aim is to facilitate the 
specification of new products by the domain experts. Basically this language is used to specify an 
interactive questionnaire to gather information regarding the new product. The answers to the 
questionnaire are used to select existing components in order to compose the new product. 
Eventually the specification of the product has to be completed by hand by the domain expert if the 
selected components and gathered information is not enough to complete the product definition. 
 
 
 
 
 
 
 
 
 
 

Figure 28. From questionnaire, via Modular and Flat Risla, to COBOL [Deursen et al 1996]. 
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The initial implementation of the RISLA compiler was accomplished using C, lex and yacc 
[Arnold et al. 1995]. The RISLA language was formally defined using the algebric specification 
formalism ASF+SDF [Deursen et al. 1996]. The ASF+SDF Meta-Environment tool supports the 
development of language definitions and generates prototype tools from them. Although RISLA 
was specified in ASF+SDF for several reasons, explained in [Arnold et al. 1995], the initial 
implementation of the compiler was build with C and the compiler tools lex and yacc.  
 
Example 
 
The utilization of RISLA basically consists in describing interest rate financial products witch 
basically are series of cash flows [Deursen 1997].  
 
 
 
product LOAN 
 
declaration 
 
  contract data 
    PAMOUNT : amount                            %% Principal Amount 
    STARTDATE : date                              %% Starting date 
    MATURDATE : date                             %% Maturity data 
    INTRATE : int-rate                              %% Interest rate 
    RDMLIST := [] : cashflow-list              %% List of redemptions. 
   
  information 
    PAF : cashflow-list                              %% Resulting Principal Amount Flow 
    IAF : cashflow-list                               %% Resulting Interest Amount Flow 
 
  registration 
    RDM(AMOUNT : amount, DATUM : date)            %% Register one redemption. 
 
  local 
    FPA(CHFLLIST : cashflow-list) : amount        %% Final Principal Amount 
    FRDM : cashflow                                         %% Final redemption 
 
  error checks 
    "Wrong term dates" in case of STARTDATE >= MATURDATE 
    "Negative amount" in case of PAMOUNT < 0.0 
 
implementation 
 
  local 
    define FPA as IBD(CHFLLIST, -/-PAMOUNT, MATURDATE) 
    define FRDM as <-/-FPA(RDMLIST), MATURDATE> 
 
  information 
    define PAF as [<-/-PAMOUNT, STARTDATE>] >> RDMLIST >> [FRDM] 
    define IAF as [< -/-CIA( BL(RDMLIST, <-/-PAMOUNT, <STARTDATE, MATURDATE>>), 
                               INTRATE ), MATURDATE >] 
 
  registration 
    define RDM as 
      error checks 
        "Date not in interval" in case of (DATUM < STARTDATE) or (DATUM >= MATURDATE) 
        "Negative amount" in case of AMOUNT <= 0.0 
        "Amount too big" in case of FPA(RDMLIST >> [<AMOUNT, DATUM>]) > 0.0 
      RDMLIST := RDMLIST >> [<AMOUNT, DATUM>] 
 

Figure 29. Specification of a product loan in RISLA [Arnold et al 1995]. 
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The specification of a product therefore contains rules defining how to compute cash flows from 
initial contract values. A contract is an instance of the product. The contract also represents the 
customer agreement on the rules of the product. The description of a RISLA product also includes 
what data is needed to create an instance of a product, i.e., a contract; routines needed to enter data 
into a contract and possible queries on contract data. 
 
Figure 29 presents an example of a financial product described in RISLA. The product is a loan, 
one of the simplest interest rate products. Basically a product specification consists of a name, a 
declaration and an implementation section.  
 
The declaration contains the data necessary to the contract in the form of fields of the contract. 
Fields must have appropriate data types. As seen in the example, there are several data types, some 
of them similar to the ones we can encounter in general-purpose languages others domain specific 
like for instance the cashflow-list data type. The information section of the declaration part defines 
data that can be inspected from the outside of the contract. The registration section can be used to 
specify routines used to enter data into a contract. In the example the product contains a routine 
used to register a redemption. The local section is used to specify routines that are used internally, 
for instance by financial analysts to evaluate the outcome of the contract. There is also a section in 
the declaration part of the product to specify validations on the contract data.  
 
The implementation part of the product is used to detail how data, routines and queries are 
computed. There is one implementation section almost for each declaration section. The 
implementation is also used to link the RISLA product with COBOL routines regarding interest 
rate products that already exist at the bank and that can be used by the RISLA products. 
  
2.2.4 Development of Domain-Specific Languages 
 
Developing domain-specific languages has major differences from developing general 
programming languages [Spinellis 2001]. In order to develop a DSL it is necessary to have a very 
good understanding of the domain. This knowledge of the domain can be captured and represented 
using the methods and tools described in section 2.1. These methods and tools will enable the 
capture of the vocabulary and the semantics of the domain. This will provide great help in the 
design of a DSL.  
 
The context in witch a DSL is developed is very different from the context of development of a 
GPL. Particularly the resources available for the development of a DSL are very low compared to a 
GPL. This is because the DSL will also have limited utilization within a domain or program family. 
Because of this several design patterns appeared aiming at reduce the implementation effort in the 
development of DSLs [Spinellis 2001]. These strategies in the build of DSLs solve several specific 
design problems and can be applied to similar situations. 
 
[Deursen et al. 2000] describes the typical DSL development cycle as: 

 
Analysis 

(1) Identify the problem domain.  
(2) Gather all the relevant knowledge regarding the domain.  
(3) Aggregate the knowledge in a group of semantic notions and operations on them.  
(4) Design a DSL that can describe with precision applications in the domain.  
 

Implementation 
(5) Build a library that implements the semantic notions.  
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(6) Design and implement a compiler that translates DSL programs into a sequence of calls 
to the library. 
 

Utilization 
(7) Write programs in the DSL for all the needed domain applications and compile them.  

 
As we have already mentioned the analysis phase can be based in a domain engineering method, 
such as the ones presented in section 2.1. These methods provide good tools for gathering 
knowledge about a domain. This knowledge can then be used to define the necessary language 
constructs. This is not a critical phase because it should be done even if we are not going to build a 
DSL for the domain. The major problem regarding a DSL lies in the costs of the implementation 
phase.  
 
The costs of the implementation phase of a DSL can be very high. In step 6 of the development 
cycle of a DSL we see that there is the need to implement a compiler to translate DSL programs to 
sequences of calls to the library of semantic notions developed at step 6. The development of the 
library should require a greater effort because it can follow a normal process of creating a library of 
functions using probably a well-known GPL. The problem lies on the effort needed to develop a 
compiler for the DSL.  
 
A classical approximation to this problem is to build an interpreter or compiler in a similar way to 
classical general-purpose language compiler development. Standard tools for compiler 
development can be used like lex and yacc [Aho et al. 1986; Bentley 1986]. There is also the 
possibility of using tools specialized in the development of DSLs like Draco [Neighbors 1980] or 
the ASF+SDF that was used in the development of the RISLA language [Deursen et al. 1996].  
 
This strategy into the implementations of DSLs has a high cost but also has major advantages. The 
compiler is designed for the specific needs of the language. Optimizations of generated code can be 
easily introduced and program validation and error detection is very accurate. The problem is that 
apart form the compiler other tools may be needed. For instance, a debugging tool is almost 
inevitable.   
 
Another approach into the implementation of a DSL is to use some base language. In this approach 
the DSL programs are translated into some GPL. The implementation effort is reduced to the 
building of a translator that translates programs from the DSL into a GPL. The program resulting 
from the transformation is then compiled using the GPL compiler. The GPL helper tools, like the 
debugger, can be used and there is no need to build helper tools. We can view the DSL translator as 
a preprocessor of the GPL. This approach has limited costs but also has many disadvantages. For 
instance, errors are only normally detected at the GPL level. This means that it can very difficult to 
identify the origin of errors at the DSL level. Even if the GPL tools can be used it may be very 
difficult, for instance, to debug as DSL program, because the debugger will use the GPL concepts 
and notations and not the ones from the DSL. 
 
There is another major approximation to the implementation of DSLs. This approximation is based 
on the concept of domain specific embedded language [Hudak 1996]. In this approximation the 
constructs of the base language are used to implement the constructs of the DSL. The base 
language has to have features that enable the definition of new functions and operators. That way, it 
is possible to embed in the base language the functions and operators of the DSL. What this 
approximation does is extend the base language with the constructs of the DSL. As such in this 
approach it is not necessary to translate the DSL into a GPL. The base language (GPL) is extended 
with the DSL. The GPL tools can be used without problems and errors are detected at the right 
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level. One characteristic of this approach is that the programmer can mix DSL constructs with GPL 
constructs. This can be a limitation or advantage, depending on the perspective. The major problem 
we see with this approach is that the characteristics of the base GPL used can limit the design of the 
DSL.   
 
2.2.5 Adoption of Domain-Specific Languages 
 
By reducing the conceptual distance between the problem space and the language used to express 
the problem when using a DSL, programming becomes more simple, easy and trustful [UTCAT]. 
The quantity of code that is necessary to write is reduced, increasing productivity and decreasing 
maintaining costs. The adoption of a DSL based approach to software engineering involves 
opportunities but also risks [Deursen et al. 2000]. The design of a DSL needs to have a good 
balance between the advantages and the possible risks or costs.  
 
With DSLs, software solutions can be expressed using terminology and an abstraction level very 
close to the problem domain. As such, domain experts can understand, validate, change and, 
eventually, develop programs using the DSL. This is a major advantage of adopting a 
domain-specific language. As we saw in the RISLA example programs become more expressive 
from the viewpoint of end-users (i.e., domain experts). They will be able to more easily understand 
programs. This factor will increase the maintainability of programs because end-users will also be 
able to evolve programs [Kieburtz et al. 1996].  
 
Being more close to the problem space programs become also a very good tool to document and 
preserve domain knowledge. Domain knowledge is conserved and reused more easily 
[Deursen et al. 2000].  
 
The high-level of abstraction of a DSL can also improve the testability of programs. With DSLs it 
is possible for a program to be validated without transforming the high level specification into a 
low level executable language. For instance, it is possible for a RISLA program to be validated 
without transforming it to COBOL. This also means that program optimizations can be done at a 
domain level [Basu et al. 1997]. This can mean better results from optimization compared to 
optimization made at low-level where domain knowledge is probably lost. High-level 
domain-specific languages can also improve the portability of programs 
[Herndon and Berzins 1988].   
 
Apart from the positive aspects in adopting a DSL, it is also possible to identify some points that 
need careful consideration. One of the most important problems with the adoption DSLs is that it 
normally means it has to be built. This is not a problem when programming with a GPL. The 
advantages of a DSL must be greater then the cost of development and maintenance of the DSL. In 
this evaluation one should not forget that there are characteristics of GPLs that we normally will 
also want to have in a DSL, for instance, debugging facilities. The advantages of a DSL can be 
greater than the cost if, for instance, the DSL is to be used in a product line or family of products. 
In this case the cost of developing a DSL can be ‘distributed’ by all the applications in the domain.    
 
One problem that can also raise the adoption of a DSL has to do with its users. If the users of the 
language are the end-users or domain experts and the language was designed with careful decisions 
regarding the users suggestions then it is very provable that the users will fill comfortable with the 
adoption of the DSL. On the other hand, if the users are also programmers and are used to 
programming with GPLs then care must be taken into the design of the DSL. Users will have to be 
trained to use the new language. The users initial reaction could be negative. The designer of the 
DSL must take into account these factors. Nevertheless there must be a balance in the DSL 
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constructs. We should not forget that even if the SQL language is very different than a mainstream 
GPL, SQL have been adopted in general by the programmer’s community as the database 
language. In the case of SQL, programmers frequently embed SQL statements in their GPL 
programs.    
 
Another risk with the adoption of DSLs is the lake of performance. This risk is very high and can 
induce a rejection behavior in the end-users if they know that to implement the same functionality a 
GPL would perform better. The DSL should be optimized for a performance level near the one of 
the GPLs. This issue is not so important if the level of productivity gain derived from the high-level 
of abstraction of the DSL does compensate the lower performance. All these issues must be taken 
into account when developing a DSL.  
 
In this section we saw that DSLs are great tools at several perspectives of software engineering. 
They enable high levels of abstraction in software engineering. For instance, we saw how a 
horizontal domain-specific language can be used to specify coordination aspects of an application. 
We also presented an example of a vertical domain-specific language called RISLA. This is a very 
interesting example of an approach to post-deployment functional completion of an application 
based on domain-specific languages.           
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3 Proposed Approach 
 
The focus of this thesis is on how to cope with software applications with intensive feature 
variability. The Insurance domain was given as an example in section 1. 
 
As we saw from section 2, feature modeling is a widely adopt tool to specify feature variability 
(and commonality) in domain engineering. Because features (at least capability features) are 
concepts normally very close to the end-user language, domain analysis based on feature modeling 
has many benefits. That’s why Feature Oriented Domain Analysis and other methodologies use 
capability features as a means to do domain analysis and modeling. As features are specified using 
the end-user language they are a very good tool for domain knowledge interchange between 
end-users and domain analysts and in general developers. With the right mapping and dependency 
rules between capability features and other layers of features (technical and development features) 
it is possibly to close the gap between the problem space and the solution space [Kang et al. 1998]. 
 
In domain engineering the aim is to develop domain reusable artifacts. These artifacts can then be 
reused in the development of new applications in the domain (application engineering). Normally, 
artifacts to be reused are software architectures and software components. Apart from being used 
for domain engineering, features are also used in application engineering. User requirements can be 
‘translated’ into feature selections and these selections used also to select an adequate architecture 
for the application (from reference domain architectures) and identify possible reusable 
components. To our knowledge, features and feature modeling are the major tools regarding 
domain engineering and, in particular, in documenting and specifying variability at the problem and 
design space.    
 
One major issue is raised when realizing feature variability at the solution space. Domain 
methodologies recognize and normally apply three major binding times:  compilation-time, 
load-time and run-time [Kang 1990]. Some authors argue that a more generic binding concept is 
needed because there can be specific times for a particular application or domain [Czarnecki 1998].  
For this reason the concept of binding site was introduced to cover situations of both variations in 
time and location of features [Simos et al. 1996]. Given the fact that variations in applications can 
have diverse binding times there are, in fact, very limited proposed approaches to implement 
variability in run-time, or pos-deployment. As present in section 2, research has been done widely 
with pre-deployment techniques. For instance, GenVoca permit a very good mapping between 
features and implementation of variability but it’s supported by compile-time composition of 
features. Other techniques, like generative programming, are based on static programming, i.e., 
they use a C++ template like programming to compose features [Czarnecki 1998]. Other authors 
present more pragmatic approaches to specify variability in software [Svahnberg and Bosch 2000]. 
Examples of such approaches are inheritance, parameterization, configuration and generation. 
Nevertheless they all have limitations in regard to run-time variability. Several authors recognize 
the limitations of these techniques [Czarnecki 1998]. They also seem to agree that it should be 
possible to specify components and their composition, manipulation and modification at different 
times. Our work so far also reveals that there are very little documented examples of run-time 
variability approaches.   
 
In our approach to the run-time variability issue we see two (almost) orthogonal aspects: 

(1) how to combine features at run-time, i.e., how do end-users select features at run-time; 
(2) how to enable behavior specification holes in the applications for the end-users to fill at 
run-time.  
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Our research so far indicates that the first aspect is similar to feature composition techniques used 
at pre-run-time, like GenVoca. Nevertheless pos-compilation feature selection and composition 
raises some problems. One usual practice to achieve run-time variability is table-driven software. 
This technique has nonetheless one major limitation because it needs all the possible 
implementation of features to be present and compiled with the application. Another approach is to 
use some kind of dynamic code loading technique to load the selected feature implementation at 
run-time. To our knowledge this is a very used approach. It has the merit of having very little 
impact in the final application in terms of performance. It can also be used in an installation time 
selection of features via simple configuration files specifying with features will be used. The same 
technique of configuration files permits also a selection of features at instantiation time. So it is fair 
to say that this is a practice that has show good results so far. What is then the problem with this 
approach? We should not say that there is a problem but that there are limitations. Our point regard 
the fact that this kind of feature selection and composition is very limited compared to the 
possibilities that compile time techniques, like GenVoca, offer. 
 
To reach the level of capabilities offered by compile time techniques in regard to feature selection 
and composition, run-time environments for applications need also to evolve. In section 2 it was 
visible that GenVoca offered the capability of layer composition by using a compile-time technique 
similar to inheritance. The interesting characteristic of this technique is that it was used to apply 
inheritance into components that could be composed from multiple classes. Each component 
(layer) implemented some feature and the interfaces needed to validate the composition where 
specified by means of a new construct called realm. To offer this kind of capabilities in a 
pos-compilation and pos-deployment time we propose an approach based on extending the 
run-time capabilities of the operating run-time environment. Our argument is that if the operating 
run-time environment exposes capabilities similar to ones existing at build time a feature selection 
and composition similar to the one made at compile-time should also be feasible. At this initial 
exploring phase of our work we purpose that the operating run-time environment should be 
extended with: (a) metadata; (b) reflection; and (c) run-time compilation. We assume that for the 
first aspect of our approach to run-time variability the end-user will only do feature selection and 
composition and so there isn’t a crucial need for a high-level feature composition language. At the 
present it seems satisfactory to have a composition language similar to the one used with GenVoca. 
 
Regarding the second aspect of our approach to the run-time variability issue the context in witch 
feature specification is done suffers a very significant change. In fact, what we are advocating in 
this aspect of run-time variability is that domain engineers and also application engineers will leave 
holes in their specification for the end-user to fill. This is a scenario where one or more features 
don’t have possible implementations specified before run-time. This only occurs in very dynamic 
domains like the example of the insurance domain presented in section 1. In this scenario end-users 
will have to play a special role because they will have to fill the holes left in application 
engineering. This filling of holes basically corresponds to implementing features. In order to 
achieve this, the end-user will need to do some kind of program specification. This entails several 
implications: the end-user needs to assume a special role; development methodology has to be 
adapted to support such need; feature implementation/specification language has to be adapted to 
this special end-user. 
 
Our work so far suggests that this role of run-time specification/implementation of features has to 
be played by a domain expert. In section 2 we presented an example of a vertical domain-specific 
language called RISLA. In this practical example the specification hole regards the behavior that 
different financial products can make to a bank application. In the example the special role of the 
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end-user was the one of an interest rate product engineer. The user playing this role uses RISLA as 
a high-level domain-specific interest rate product specification language.      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30. Combining features at run-time. 

The development methodology may need also some adjustments. Domain engineering admits 
features that have run-time binding times (or binding sites). This means that the feature 
implementation will be selected at run-time. This does not normally mean that the concrete feature 
implementation will be done (i.e., programmed) at run-time. This will have implications in the 
domain engineering methodology, particularly, in the binding site specification for features and in 
the mapping from design space to solution space (artifacts). As noted in the next section we also 
plan to study the methodological implications (such as this one) of our work. 
 
One other issue regarding dynamic run-time variability is the need for a special kind of run-time 
programming activity. We already mentioned the need for a new run-time role. We suggest the 
name of application domain engineer for this new role. This role is different from that of a domain 
engineer and also is different from a domain application engineer. An application domain engineer 
is a domain expert that is also an application expert, i.e., he can adapt/program an application in a 
pos-deployment time. A domain application engineer is someone who builds applications in a 
domain through the use of domain artifacts.   
 

  

 

 

Domain 
Reference  
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Application Architecture 

Component Composition 

Repository of Component  
Implementations 

(1) Selecting existing components to implement a feature 
(2) Specifying/programming component implementations 

Application Domain Engineer: Domain expert playing the role of pos-deployment application engineer 
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An application domain engineer is neither a programmer nor a software engineer. He is a domain 
expert that also needs to have a very high application expertise. Because dynamic run-time 
variability implies run-time feature programming this means the application domain engineer 
needs to have some kind of programming skill. This shouldn’t be like a generic programming skill 
but more like a domain programming logic skill. An application domain engineer should use a 
domain-specific language with a grammar and semantic very close to the natural domain language 
and concepts. For instance, RISLA aims at achieving this goal. In our work we also propose the 
adoption of DSLs as means to specify dynamic run-time feature implementation. This means that a 
domain with dynamic run-time feature implementation needs a DSL. So, the domain engineering 
process needs to produce a DSL. In section 2 we present some approaches into the design and 
implementation of DSLs. Regarding this aspect we propose to study the integration of DSLs in 
domain engineering based on features and feature diagrams. Feature diagrams are used to model 
domains with diverse feature binding sites. To our knowledge supporting dynamic run-time 
features could enrich feature diagrams. Our study so far indicates that dynamic run-time features 
could be implemented (in a majority of cases) by very simple programming logic connecting 
existing high level domain concepts, witch in turn, are also features of the domain. If this is true, 
then adapted feature diagrams could be used to extract the design requirements of the domain DSL 
and also to design a library of resources to be used in the language programs (i.e., components).                  
 
Our approach to run-time variability and all the mentioned issues needs is based on an operating 
run-time infrastructure with the necessary services. We mentioned some of them: reflection, 
meta-data and run-time compilation. These are necessary not only from a functional perspective but 
also from a performance perspective. To support these requirements, and also to adopt a technology 
that could be more easily accessible for a vast audience, we intend to use a CLI compliant 
framework [CLI] for concept demonstration and prototyping. We will also use a proprietary 
technology in our case study that will be briefly presented in the next section.        
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4 Work Plan 
 
We plan to develop our work in two parallel lines: a case study line and a generic line. In the case 
study line we will work in a specific domain with a domain-specific language and framework 
(proprietary run-time). These are proprietary tools developed and used by a Portuguese company 
specialized in software solutions for the insurance industry. In the second line of work we purpose 
to generalize and apply our work using general available technology. As we mentioned before we 
will be doing this using a CLI compliant framework (generic run-time). 
 
Our plan clearly adopts an applied research methodology. In fact, we will be integrated in a 
company and in a working team. As such we will interact with and work within the context of this 
team. Such a research method has its risks but also as many advantages. The advantages start with 
the possibility to have a realistic case study and experiment and validation context for our research. 
One major risk is the eventually impossibility to full control the development of the research 
actions. In accepting these risks we are aware that we do not control all the outcomes of our work. 
We try to minimize this possibility with the second line of work mentioned above. This research 
method can clearly be classified as an action research method [Baskerville 2001].  
 
After our first year work documented in this report we plan to carry out the future two years work 
with the following four major phases or activities: a) static run-time variability (generalization); b) 
static run-time variability (domain case study); c) dynamic run-time variability (domain case 
study); and d) dynamic run-time variability (generalization). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 31. Future work plan. 
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The temporal sequencing of the four phases can be seen in Figure 31. The two first phases regard 
static run-time variability and the last two phases regard dynamic run-time variability. The details 
of each phase are presented next. 
 
In the first phase of our work plan we will focus our research on static run-time variability. This 
phase will be developed on the first half of 2004. We will start by further increase the knowledge of 
methods and techniques used for specifying and implementing variation at pre-run-time. This study 
will focus on feature modeling and static composition of components, i.e., techniques similar to the 
ones applied in GenVoca and domain-specific languages like DJ. We propose to study adaptation 
of these techniques to a generic run-time operational environment. We will try to translate 
documented examples of pre-run-time component composition into a pos-run-time environment. 
We propose to validate this work mainly by comparing with similar functionalities of pre-run-time 
component selection and composition. We plan the results of this phase will be feature modeling 
adaptations for support the specification of static run-time variability and technology 
implementation requirements of run-time operational environment to support static run-time 
variability.   
 
In the first four months of second half of 2004 we plan on using the results from the previous phase 
in the case study. We will apply these results to the case study. In this phase we plan on focus our 
research on validating the proprietary run-time operational environment for proper support of static 
run-time variability. We plan on doing so based on the outcome of the previous phase. This will 
probably result in possible suggestions for adapting the proprietary run-time. These proposed 
actions should be presented to the enterprise development team for validation and possible 
integration in the development/evolution planning for the proprietary run-time. Time permitting, 
experiments (prototype) with the proprietary run-time could be done and documented. Adaptations 
of the proprietary run-time also represent a concrete case of realization of the results from the 
previous phase (and can be viewed as a validation). The main output of this phase will be the 
possible suggestions for adapting the proprietary run-time and the documentation of a concrete 
realization of static run-time variability requirements for a proprietary run-time environment. 
 
After validating static run-time variability on the case study we plan to continue our work on the 
case study, this time with the focus on dynamic run-time variability. This phase of our work will 
have a duration of eight months, from November 2004 until June 2005.  
 
In this phase we will explore our propose for implementing dynamic run-time variability in 
applications. As already exposed, our propose is based on the adoption of domain-specific 
languages. We will start our work on dynamic run-time variability in the case study. The enterprise 
case study we will be working on already uses a domain-specific language and run-time 
environment in its product line. A practical application of this language and run-time has been 
presented in [Bragança 1998]. The language and run-time are used in the enterprise product line to 
implement dynamic run-time variability aspects. So, been this (to our knowledge) an open research 
area it makes sense to base our research in this practical case. This will be the core of our work. 
   
We plan to validate our work on this phase using applications from the enterprise product line and 
(if possible) end-users and the enterprise software engineers. We also plan the outputs of this phase 
to be feature-modeling adaptations for support the specification of dynamic run-time variability and 
technology implementation requirements of run-time operational environment to support dynamic 
run-time variability. 
 
During the last half of 2005, in the last phase of our work, we plan on generalizing the results of 
our research. Particularly we plan on generalize the knowledge resulting from the previous phase 
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using general available technology. The work done on the previous phase is based on proprietary 
technology and thus this phase will adapt it to a generic run-time framework. This will be done 
mainly at an implementation perspective since methodological aspects will be almost totally 
covered. Nevertheless we preview a possible small working effort in adapting methods. Validation 
in this phase will be done through experiments with requirements similar to the ones of the case 
study of the last phase. Results will be compared with the ones obtained in the previous phase. The 
major output from this last phase will be technology implementation requirements for a run-time 
operational environment to support dynamic run-time variability.     
 
A Ph.D. work apart from the research activity should have at least two others parallel activities: the 
proper Ph.D. thesis writing and publication of research results (i.e. scientific papers that permit the 
sharing of experiences and knowledge with the scientific community in the field of study).  
 
Figure 32presents the principal relations between our research activities, the writing of the thesis 
chapters and the publication of research results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 32. Ph.D. Activities vs. thesis chapters vs. work publication. 
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This technical report results from the first year work. The first year was mainly dedicated to study 
the research field and produce a state-of-the-art. This work also resulted in the writing of chapters 2 
and 3 of the thesis. These chapters present the state-of-the-art in the research field.  
 
The activities of the first half of 2004 (i.e., phase a) will result in material to complete the chapter 4 
of the thesis. This chapter is dedicated to present techniques to implement variability. It will be 
based on study made during the first year and also from the results of phase a. We see feasible the 
publication of these results in a scientific paper. 
 
The next two phases (b and c) will produce a significant part of the results of our work. These two 
phases regard the core of the thesis, i.e., supporting dynamic run-time variability based on 
domain-specific languages and operating run-time environments. As such, during phase’s b and c, 
the chapter presenting and detailing the thesis will be written. Phase c will also be the source of a 
chapter reporting the case study. In the final of phase c (end of first half of 2005) we also intend to 
write a scientific paper to present the results from our work. 
 
The last phase of our work (phase d) will be focused on generalizing our work into a public 
well-known run-time environment. The results of this phase will also lead to the writing of a 
scientific paper reporting our results.    
 
The major parts of first (Introduction) and last (Conclusion and Future Work) chapters of the thesis 
will be written as the last step of the Ph.D. work. As a result these chapters will reflect a broader 
look of the field and approached issues. 
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5 Expected Contributions 
 
The major goal of domain engineering is to enable a high productive mechanism for software 
reuse. As we saw, to achieve this goal adequate methodologies, tools and techniques must be used. 
The principal issue regarding domain engineering is how to identify, represent and implement 
commonalities and variability in the domain space and solution space. A common feature will 
enable reuse and a variable feature will provide application differentiation within a domain. 
Without variable features all applications are equal and there will be not productivity gain because 
there will be only one application. 
 
Variability is the core issue of this thesis. We presented the state-of-the-art of domain engineering 
within variability identification, representation and implementation. We also identified actual 
limitations regarding run-time application feature variability implementation. This limitation also 
extends to the methodology level. We then presented our approach to this problem based on the 
study we made so far.  
 
We laid out a work plan to develop and validate our approach and publish the results. We expect 
our proposed research to contribute to the field in the following ways:        
- Case study contribution. We will present and document an industry real case that implements 
applications with run-time variability features.   
- Methodological contribution. Features diagrams and in general feature modeling is very limited 
regarding run-time variability specification. We expect to contribute with adaptations to feature 
modeling in order to better support run-time variability. 
- Technological contribution. Current examples and implementations of variability rely almost 
only on pre-deployment techniques. We will study run-time variability techniques and technologies 
based on a proprietary domain-specific language and framework. We expect to generalize and 
adapt our results so that it could be the base for general available run-time variability supporting 
tools.      
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