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C H A P T ERR 1 

Introduction n 

1.11 Software reuse 

Softwaree reuse is a means to improve the practice of software engineering by 
usingg existing software artifacts during the construction of new software sys-
temss [92]. Reuse aims at increasing the productivity and quality in large-scale 
softwaree development [130]. The productivity of software development can be 
increasedd because for the development of a new system not all software needs 
too be developed from scratch but existing artifacts can be used (as-is) [103]. 
Thee quality of software can be increased because "proven" technology can be 
reusedd [73]. 

Softwaree reuse is not limited to source code fragments, but may include 
documentation,, specification, design structures and so on [61, 92]. In this 
thesiss we concentrate on reuse of source code fragments and of pre-compiled 
unitss such as executable programs and libraries. 

Thee fundamental unit of software reuse is the component [11]. Compo-
nentss can be used in different contexts and compositions to form different 
softwaree systems, giving rise to component-based software development. For 
example,, in Figure 1.1(a) the architecture of a component-based system called 
thee ASF + SDF Meta-Environment is depicted. This is an environment for lan-
guagee prototyping and for the construction of program transformations [27]. 
Conceptss in this application domain include parsing, pretty-printing, compil-
ing,, and debugging. 

Thee clear separation of functionality in the ASF + SDF Meta-Environment 
ensuress that its components can also be used to build additional systems with. 
Typicall  applications in this domain require parsing and pretty-printing and can 
reusee the parse and pretty-print components from the ASF + SDF Meta-Envir-
onment.. For instance, the program transformation depicted in Figure 1.1(b) 
firstt parses its input, then performs the transformation (elimination of goto 
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FigureFigure 1.1 Examples of component-based software systems, (a) Architecture of the 
ASFF + SDF Meta-Environment [27]. (b) Architecture of a component-based program 
transformation. . 

statementss in the example), and finally it transforms the resulting program to 
plainn text using a pretty-printer. This application can be constructed by reusing 
thee parse and pretty-print components from the ASF + SDF Meta-Environment. 
Thee goto elimination itself is then the only application-specific component that 
hass to be developed. 

Ann ultimate goal of software reuse is the rise of a large component indus-
tryy that delivers reusable, high-quality, well-tested components. Software con-
structionn then becomes a collaborative development activity because different 
partss of a system are developed by different people at different institutes. 

Inn 1968 Mcllroy was the first to recognize this and to distinguish manu-
facturersfacturers which are producers of reusable components and system builders that 
usee them [103]. He suggested mass-produced software components by a soft-
waree component sub-industry consisting of software manufacturers dedicated 
primarilyy to the development of reusable software components. This distinc-
tionn of manufacturers and system builders yields two complete development 
cycles:: development for reuse and development with reuse. The first cycle is 
focusedd on developing families of systems rather than one-of-a-kind systems, 
thee second development cycle is concerned with building family members [51]. 

Despitee its attractiveness, software reuse is difficult in practice [92, 11, 69]. 
Softwaree construction with mass-produced software components, for instance 
inn the form of Commercial Off-The-Shelf (COTS) components, as well as collab-
orativee software development are therefore not common practice yet. Software 
reusee is difficult because it is hard to satisfy simple requirements on software 
reuse.. Krueger distinguishes four such requirements (which he calls reuse tru-
isms)isms) [92]: 

1.. An effective reuse technique must reduce the cognitive distance between 
ann initial concept and its final executable implementation. That is, it 
mustt provide proper abstractions for reusable artifacts. 

2 2 
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2.2. It must be easier to reuse an artifact than to develop it from scratch. 

3.. To select an artifact for reuse, you must know what is does. 

4.. Finding a reusable artifact must be faster than developing it from scratch. 

Truismss 1, 3, and 4 require a proper abstraction mechanism in order to obtain 
aa conceptual understanding of reusable artifacts. Truism 2 is concerned with 
technicall  aspects that simplify software construction from individual compo-
nents. . 

Too make software reuse more successful, techniques are needed that assist 
manufacturerss in building reusable software components, and system builders 
inn finding, selecting, and integrating them in composite software systems. The 
abovee reuse truisms can be used to evaluate such techniques in order to judge 
theirr effectiveness. Software reuse techniques involve 'abstraction', 'component 
composition',, and 'component granularity. These are the central themes of this 
thesiss and will be discussed in more detail in the next sections. 

1.22 Abstraction 

AA component is an abstraction consisting of an abstraction specification or in-
terfaceterface that is externally visible, and an abstraction realization or implemen-
tationtation that is hidden [92, 11, 116, 36]. Observe that this is a much broader 
definitionn than the one given in [132], where components are defined as bi-
narynary units. 

Abstractionss are hard to define for generally reusable artifacts because we 
doo not have many universal abstractions available that go beyond the abstrac-
tionn level of stacks, lists, trees etc. [19, 44, 92]. Consequently, the cognitive 
distancee of such domain-independent abstractions is high and the payoff for 
reusingg them is relatively small. 

Onn the other hand, software reuse can be successful in case it is domain-
specificspecific and the domain provides proper domain concepts for reusable artifacts 
(typicall  one-word idioms) [132, 108]. Examples are math libraries for de-
veloperss familiar with mathematical concepts, and domain-specific application 
generators.. These domain concepts describe artifacts in terms of "what" they 
doo rather then "how" they do it and allow a software developer to reason in 
termss of these abstractions [92]. 

Thee functionality of a software component is usually not fixed. Rather, to 
improvee its usability, it is often adaptable for specific needs. A component in-
terfacee therefore consists of a variable part and a fixed part. The variable part 
correspondss to possible variants in the component's implementation and maps 
too the collection of possible implementations, the fixed part expresses invari-
antt characteristics of the component [92]. Examples of such invariants are the 
(fixed)) parse algorithm used in a parse component (such as LR(1) parsing), 
orr the maximal line length that the parser accepts as input. An example of a 

3 3 



Introduction Introduction ChapterChapter 1 

possiblee variant is the error routine that should be called by the parse com-
ponentt to report syntax errors. Instantiating the variable part of a component 
correspondss to component configuration. 

Combiningg components to form a software system implies combining their 
fixedd and variable parts. Combining the variable parts may easily lead to a 
combinatoriall  explosion of possible configurations. Many of these may not be 
neededd for the composite system, may not be useful, or not be meaningful (i.e., 
semanticallyy incorrect) [51, 11]. 

Ass an example, assume the goto elimination of Figure 1.1(b) is used in a 
largerr transformation framework where it must be combined with additional 
transformations.. The variable parts of the three components of the goto elimi-
nationn must then be combined with all the variable parts of all other transfor-
mationss in the framework. Depending on the number of transformations in the 
frameworkk this leads to complicated configuration. 

Clearly,, such component compositions also require abstractions. The vari-
ablee parts of these abstractions are subsets (or sensible combinations) of the 
individuall  variable parts at a higher level of abstraction. For instance, the 
ASFF + SDF Meta-Environment is an abstraction for the composition of the six 
componentss parser, parser generator, compiler, editor, debugger, and pretty-
printer.. It will (partially) instantiate the variable parts of these components and 
itt will have a variable part at a higher level of abstraction than these individual 
components. . 

Suchh abstractions are called layered abstractions [92] because the abstrac-
tionn specification of one layer forms the implementation of the next higher 
layer.. A challenge is to make layered abstractions compositional such that new 
layerss can easily be constructed [111]. Although various approaches exist (e.g., 
GenVocaa [11], Koala [112]), there is a need for more general, language-
independentt solutions. Moreover, configuration validation, for instance by 
modelingg configuration constraints, is needed to automatically detect and pre-
ventt invalid component configurations [51, 8, 9]. 

Abstractionss for component compositions can be domain-specific and are 
eitherr technical or consumer-related. The group of products (or systems) that 
cann be built from technical abstractions forms a product family [115] (or sys-
temm family). The group of products that can be built from consumer-related 
abstractionss forms a product line. These consumer-related abstractions have a 
non-technicall  nature and correspond to the specific needs of a selected mar-
ket.. Thus, a product line is based on marketing strategy rather than on tech-
nicall  similarities between products [51]. Observe that a product line need 
nott be a product family, although that is how its greatest benefits can be 
achievedd [45, 51]. 

Forr example, the components in Figure 1.1 are abstractions in the domain of 
languagee processing. The corresponding product family includes the ASF+SDF 
Meta-Environmentt and software renovations like goto elimination. A typical 
productt line would be a COBOL transformation factory, supporting the features 
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gotoo elimination and copybook expansion. Individual product instances can be 
configuredd to feature one or more of these. 

Thee abstractions used in product families constitute the problem space. The 
variabilityy of a product family is called the configuration space and defines the 
possiblee group of products (i.e., its family members). Specifying individual 
familyy members by instantiating the variable part of a product family is per-
formedd using terminology (or abstractions) in the problem space. The solu-
tiontion space contains the corresponding implementation components of a product 
familyy together with their possible configurations [51]. 

Componentss implement an abstract-to-concrete mapping [11], or, in the ter-
minologyy of [92], each abstraction specification has an abstraction realiza-
tionn (i.e., implementation). The same holds for layered abstractions. Con-
sequently,, the abstraction specification of a product family, constituting the 
problemm space, has a realization in the solution space. 

AA challenge is to automate this abstract-to-concrete mapping such that an 
implementationn can automatically be derived from a configuration in the prob-
lemm space. Generative programming is a software engineering paradigm that 
aimss at this automated mapping [51]. 

1.33 Component composition 

Withh software component reuse, software systems become composite systems 
(i.e.,, collections or compositions of application-specific and reusable compo-
nentss [11]), instead of monolithic systems. The functionality of such systems 
iss spread over the individual components and needs to be integrated to obtain 
thee desired behavior of the composite system. 

Componentss that form a system thus function as building blocks and should 
bee designed for integration. Integration can occur at different moments in time, 
eachh requiring a different integration mechanism. Some integration moments 
thatt can be distinguished on this integration time line include: 

Development-timee integration It is concerned with assembling reuse reposi-
toriess containing all source modules of the components that constitute a 
compositee software system. Source integration is a technique for assem-
blingg such reuse repositories and will be discussed in more detail below. 

Pree compile-time integration It is concerned with merging reusable function-
alityy in the source code of the system under construction. The resulting 
sourcee can benefit from the type system of the programming language 
beingg used, and from source code level optimizations. Pre compile-time 
timee integration may therefore reduce run-time overhead due to method 
invocationss of small reused functionality. By combining it with layers of 
abstractions,, it can help to reduce the difficulty of scaling reuse libraries 
inn size and feature variants (i.e., the library scaling problem [18]). A 
promisingg technique for pre compile-time integration is Aspect Oriented 
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Programmingg (AOP), which is a technique to weave functionality (as-
pects)) at explicit positions in source code (join points) [88].1 

Compile-timee integration Compile-time integration is the traditional way of 
reusingg functionality in applications. Reusable code is stored in libraries 
andd linked with application-specific code to the final executable applica-
tion.. The functionality is accessed using function or method invocations. 
Thiss kind of integration is language-specific and makes integration of 
componentss implemented in different languages difficult. Systems im-
plementedd in strongly typed languages can benefit from the type system 
too assure that the functional composition is valid. 

Distribution-timee integration Component integration at distribution-time is 
concernedd with packaging the components that form an application such 
thatt it can be distributed as a unit, and with the installation process of 
thee application. This is also referred to as 'content delivery' [41]. Com-
ponentss can be distributed in either source or binary form. If components 
aree distributed in source form, then distribution-time integration should 
alsoo address building the composite system. Package managers, such as 
RPMM [6], are often used to build distributions of applications and to in-
stalll  the applications on computer systems. 

Run-timee integration Components in the form of executable programs or dy-
namicc loadable libraries can be integrated at run-time. A standard ex-
amplee is the Unix programming environment, where littl e tools, each 
designedd to perform a simple task, can be combined to form advanced 
programss [87]. Integration in the Unix environment usually takes place 
inn pipelines without type checking. More advanced run-time integra-
tionn techniques are offered by component architectures such as COM [24, 
124],, CORBA [109], and EJB [102], or coordination architectures such 
ass the TOOLBUS [16]. Functionality is accessed via message passing and 
typee checking is based on component interface definitions, i.e., signatures 
thatt define the services offered by a component. Language-independence 
iss an important benefit of run-time integration, although it is not sup-
portedd by all run-time integration mechanisms. 

Ass an example, Figure 1.1 shows the composition of reusable components in 
twoo different systems. The ASF+SDF Meta-Environment in Figure 1.1(a) is an 
interactivee system that interacts with its user via a graphical user interface. The 
'gotoo elimination' transformation depicted in Figure 1.1(b), on the other hand, 
iss non-interactive. It transforms programs without further user interaction. The 
componentss of the ASF+SDF Meta-Environment are therefore integrated via a 
buss architecture. Communication between components can take place in any 

observee that weaving in AOP is not restricted to compile-time, but that it can occur at any 
time,, even at run-time. 
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orderr and is accomplished by sending messages over the bus. For the trans-
formationn system, a pipeline architecture is used because all communication 
betweenn components takes place in a fixed left-to-right direction (the output 
off  a component to the left, forms the input of the component to its right). 

Despitee these conceptually different integration techniques, the figure does 
nott show how these components are integrated and when they have been in-
tegrated.. For instance, the pipeline might be implemented at run-time using 
Unixx pipes, or at compile-time using the functional composition: 

pretty-print(goto-elimination(parse(input))) pretty-print(goto-elimination(parse(input))) 

Componentss are most often designed with a single integration mechanisms 
inn mind. But for the construction of composite systems all integration mech-
anismss can be combined. To make component-based software development 
successful,, it should not be difficult to construct composite software systems 
fromm a wide range of components with different integration techniques. To 
thatt end, component interfaces [11, 116, 14] and standardized exchange for-
matss are essential. Component interfaces serve to make software components 
interchangeablee (plug compatible) by hiding their implementations. Standard-
izedd exchange formats are inevitable to easily integrate different types of com-
ponentss (such as executable programs or library functions) anywhere on the 
integrationn time line and independently of an implementation language. 

Inn addition to the integration techniques discussed thus far, which are con-
cernedd with functional integration, source integration is another technique that 
iss important for successful software reuse. It is performed at development-time, 
inn advance of all other integration techniques and is concerned with merging 
alll  source modules, all build instructions, and all compile-time configuration of 
thee components that constitute a software system. 

Sourcee integration is the opposite of decomposing a software system in 
reusable,, independent components. From a software engineering perspective, 
decompositionn complicates the software engineering process, because an appli-
cationn built from individual pieces is organized as a collection of components 
ratherr than as a single unit. Consequently, it is hard to develop, maintain, 
configure,, and distribute such systems as a whole. The purpose of source in-
tegrationn is to improve this situation by merging the source modules of reused 
components,, as well as corresponding configuration knowledge and build in-
structions,, to reconstitute a single unit. 

Sourcee integration is of particular importance when software reuse extends 
projectt or institute boundaries [83]. Typical examples are reuse of commercial 
off-the-shelff  (COTS) source components and open source software reuse [37]. 
Too promote such "third-party" software reuse, source integration techniques 
includingg release management [71] and proper abstraction mechanisms in the 
formm of source code components, are essential. 

AA challenge of component composition is to automatically obtain all com-
ponentss that constitute a system, to configure them properly, and to assemble 
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thee software system from them. Knowing how to make these components fit 
togetherr is another key challenge. 

1.44 Component granularity 

Thee granularity of a component is not well defined (e.g., it can be a function, a 
module,, or a complete software system), but it affects two important properties 
off  a component: the payoff or benefit that is gained by reusing the component, 
andd the general usefulness of the component. Development of reusable soft-
waree components (development for reuse) may therefore serve two different 
goals: : 

 Increasing the ratio of reused versus newly developed software (i.e., the 
reusereuse level [49, 118]) of composite software systems by developing com-
ponentss that provide high payoff. 

 Increasing the reuse of individual components by developing components 
off  general usefulness. 

Thesee goals can be formulated as: "to reuse or to be reused". 
Too meet the first goal (increasing the reuse level), large collections of reus-

ablee components, providing high payoff to programmers using them, should 
bee available and easily accessible. Payoff, i.e., less lines of code that need to be 
written,, can be increased by using large-scale components [18, 111]. 

Unfortunately,, large-scale components tend to be more specialized for the 
applicationn domain (i.e., domain-specific). Consequently, the probability of 
beingg reused decreases as components increase in size [18, 111, 131]. An-
otherr problem is that large-scale components may themselves include more 
generall  functionality, which does not come available for reuse outside the com-
ponentt [69]. 

Thus,, to meet the second goal (increasing the reuse of individual compo-
nents),, components should be made more generally applicable by restricting 
theirr size and reducing their functionality. 

Forr example, Figure 1.1 shows examples of large-scale reusable components 
inn the domain of language processing (e.g., parsers and compilers). The coarse-
grainedd granularity of these high-level components hides lower level compo-
nentisingg with less domain specificity. Since one might expect that commonal-
itiess also exist between the components within each application (for instance, 
forr data exchange and communication in case of the ASF + SDF Meta-Environ-
ment),, the granularity of software reuse depicted in the figure is not optimal. 
Too achieve fine-grained software reuse, components should be split in smaller 
reusablee units, which have more general purpose applications. As an example, 
Figuree 1.2, shows a more detailed view of the ASF + SDF Meta-Environment 
withh fine-grained software reuse. 
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FigureFigure 1.2 Architecture of the ASF + SDF Meta-Environment at the implementation 
levell  with extensive, fine-grained software reuse between functional components. Nodes 
correspondd to source code components, arrows denote reuse relations, dashed nodes 
denotee third-party components. 

Itt is not difficult to imagine that the development process of an application 
ass composition of many small components is considerably more complicated 
thann an application assembled from a few large-scale, domain-specific com-
ponents.. The reason is that large-scale components provide higher payoff for 
applicationn builders in terms of lines of code to write [18]. Furthermore, appli-
cationn builders can benefit from large-scale component reuse because domain-
specificc concepts are easier to understand than low-level, generally applicable 
componentss [13, 92]. Finally, building, testing, distributing, and deployment 
aree relatively easy for an application consisting of only a single component but 
becomee complex activities when the number of components increases. 

Apparently,, the reuse processes "development for reuse" and "development 
withh reuse" have conflicting goals [13, 108]. While the first process typically 
wouldd deliver small, flexible, generally applicable components, the latter pro-
cesss demands large-scale, domain-specific components (see Table 1.1). The 
trade-offf  between component size and reuse effort yields interesting software 
engineeringg challenges. Existing techniques for development of reusable com-
ponents,, such as layered abstractions [11] and domain-specific library devel-
opmentt [13], should be combined with generative techniques for automated 
componentt integration at the functional and the source code level. 
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Quality Quality 

Payoff f 
Cognitivee distance 

Softwaree construction process 
Generall  usability 

Codee duplication across components 

Granularity Granularity 

Coarse-grained Coarse-grained 

+ + 
+ + 
+ + 

Fine-grained Fine-grained 

+ + 
+ + 

TableTable 1.1 Component granularity affects reuse benefits due to different qualities of 
coarse-grainedd and fine-grained components. 

Thee challenge here is to combine both goals by finding good design princi-
pless and by developing proper integration and composition techniques. These 
wouldd allow large-scale components to be decomposed into small, general 
componentss which are more widely applicable. These smaller components can 
bee composed and integrated easily to offer benefits of large-scale components. 

1.55 Research questions 

Thee objective of this thesis is to develop an architecture for effective software 
reusee where components can be developed by different people at different insti-
tutes,, and be integrated easily in composite software systems. To establish such 
collaborativee software development, we distinguish development for reuse and 
developmentt with reuse. 

Ourr research therefore concentrates on reuse techniques for both develop-
mentt cycles that satisfy the reuse requirements (reuse truisms) discussed in 
Sectionn 1.1. These techniques require answers to the following research ques-
tionss related to abstraction, composition, and granularity. 

1.5.11 Abstraction 

Domainn abstractions improve the reusability of software components because 
theyy can reduce the cognitive distance between the initial concept of a system 
andd its final executable implementation [92, 13, 18]. Figure 1.1 shows some 
large-scalee components in the domain of language processing. This suggests 
thatt this domain provides proper abstractions for building a family of language 
toolss from high-level reusable components. 

Questionn 1 

Howw can an effective software reuse practice in the domain of language pro-
cessingg be established? 

10 0 
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1.5.22 Composition 
AA productive component market would deliver a wide range of components, 
designedd for different integration mechanisms, programmed in different pro-
grammingg languages, and located at a diverse number of places. True collabo-
rativee software development demands that such diverse components can easily 
bee composed, retrieved, and configured. However, in practice achieving such 
compositionalityy turns out to be rather complicated. 

—— Question 2a 

Howw can the compositionality of components be improved and the composi-
tionn process be automated? 

Differentt people and institutes use varying techniques and infrastructure 
forr software development. Potential reusable software components are there-
foree often entangled in project or institute-specific configuration management 
(CM)) systems [40, 112], or depend on local software. Since standardization 
inn CM systems is lacking [112, 151] and because build processes are often not 
portablee [7], reuse of these components over project and institute boundaries 
iss difficult [83]. This hampers collaborative software development. 

—— Question 2b 
i i 

Howw can project and institute-specific dependencies of software components 
bee removed in order to promote collaborative software development? 

1.5.33 Granularity 
Fine-grainedd software reuse of many small components helps to reduce code 
duplication.. However, it complicates system understanding [13] since the cog-
nitivee distance is high [92]. Furthermore, managing build, configuration, and 
distributionn processes of many small components is complicated. Large-scale 
componentss on the other hand, increase code duplication due to commonal-
itiess between components, but they provide high payoff, decrease cognitive 
distance,, and simplify software engineering (see Table 1.1). 

—— Question 3 

Cann the conflicting goals of many, small components (fine-grained reuse) 
andd large-scale components (high payoff and low cognitive distance) be com-
bined? ? 

11 1 
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1.66 Overview 

Inn this thesis we seek answers to the aforementioned research questions con-
cerningg abstraction, composition, and granularity. To that end, we develop 
techniquess to facilitate effective software reuse. 

Thee thesis consists of two parts. In the first part (Chapters 2-4) we ad-
dresss "development for reuse", which is concerned with developing reusable 
components.. We develop a comprehensive architecture for component-based 
softwaree development in the domain of language processing and instantiate it 
withh newly developed and existing domain-specific components. The instanti-
atedd architecture forms a product family in the domain of language processing. 

Thee second part (Chapters 5-7) addresses "development with reuse". It is 
concernedd with building applications from reusable components. We demon-
stratee how the instantiated architecture effectively reduces development time 
off  complex language tools. Further, we discuss automated construction of self-
containedd systems from individual source components. Finally, we discuss tech-
niquess for designing, implementing, and initiating product lines, as well as for 
automatedd assembly of individual product members from feature selections. 

Beloww is a summary of the subjects that will be presented in the subsequent 
chapters. . 

Chapterr 2, "Grammars as Contracts" This chapter presents a framework 
forr software reuse in the domain of language processing. The framework is 
designedd to separate development and use of language components. We also 
presentt a corresponding model for language tool development which we called 
Language-Centeredd Software Engineering (LCSE). 

Chapterr 3, "XT: a Bundle of Program Transformation Tools" This chapter 
discussess a collection of generative components for LCSE which forms an in-
stantiationn of the architecture developed in Chapter 2. We discuss the roles of 
XT'ss constituents in the development process of program transformation tools, 
ass well as some experiences with building program transformation systems 
withh XT. Furthermore, we discuss a mechanism for collecting reuse statistics, 
whichh we use in this thesis to measure the effectiveness of our reuse techniques. 

Thee components that are bundled with XT originate from several research 
projects.. My contributions to XT include: design of XT'S architecture, devel-
opmentt of techniques for building and distributing XT (this resulted in the 
techniquee "Source Tree Composition", discussed in Chapter 6), development 
off  several general-purpose language tools, design and initiation of the Online 
Grammarr Base, development of several SDF grammars, and the development of 
genericc pretty-print technology (see Chapter 4). Appendix A summarizes the 
componentss to which I contributed, Appendix B contains a list of additional, 
third-partyy components that are bundled with XT. 

12 2 
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Chapterr 4, "Pretty-Printing for Software Reengineering" Pretty-printing 
formss an integral part of LCSE. To promote reuse of pretty-print components, 
genericc (i.e., language-independent) and customizable pretty-print technology 
aree needed. In this chapter we present the Generic Pretty-Printer GPP and dis-
cusss the techniques that it uses to fulfil l requirements in the context of software 
reengineering,, GPP forms a generally reusable pretty-print component in our 
language-centeredd architecture and is part of the XT bundle discussed in Chap-
terr 3. 

Chapterr 5, "Cost-Effective Maintenance Tools for Proprietary Languages" 
Thiss chapter discusses LCSE in practice using the techniques and language 
tooll  components presented in Chapters 2-4. We discuss grammar reengineer-
ingg and the construction of a documentation generator for a proprietary lan-
guagee dialect. We show that with LCSE the development process of languages 
andd tools can be shortened and that a decrease in maintenance costs can be 
achieved. . 

Chapterr 6, "Source Tree Composition" A typical problem of component-
basedd applications is their complicated construction and distribution. These 
taskss are complicated because the structuring of a system in components usu-
allyy remains visible at construction and distribution-time. Consequently, each 
constituentt component has to be separately retrieved, compiled, installed and 
soon. . 

Thiss chapter solves this problem by merging the source trees of each com-
ponentt to form a self-contained implementation of the system in which the 
constructionn and distribution tasks of individual components are combined. 
Thiss process is called Source Tree Composition. 

Chapterr 7, "Feature-Based Product Line Instantiation using Source-Level 
Packages"" Chapter 6 addresses automated assembly and configuration of 
softwaree systems from low-level, technical source code components. This chap-
terr discusses software assembly at a higher level of abstraction using software 
productt lines, where software products are constructed from consumer-related 
featuree selections. 

Thee chapter addresses variability management, feature packaging, and a 
genericc approach to make instantiated (customer-specific) variability accessible 
inn applications. 

Chapterr 8, "Conclusions" This chapter formulates answers to the four re-
searchh questions and it collects overall metrics for the reuse techniques that 
wil ll  be discussed in this thesis. 
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1.77 Origins of the chapters 

Mostt of the chapters in this thesis were published before as separate papers. 
Wee list their origin. 

Chapterr 2, "Grammars as Contracts", was co-authored with Joost Visser. It was 
presentedd in 2000 at the second international conference on Generative and 
Component-Basedd Software Engineering (GCSE) in Erfurt, Germany [85]. 

Chapterr 3, "XT: a Bundle of Program Transformation Tools", was co-autho-
redd with Eelco Visser and Joost Visser. It was presented in 2001 at the first 
workshopp on Language Descriptions, Tools and Applications (LDTA) in Genova, 
Italyy [84]. 

Chapterr 4, "Pretty-Printing for Software Reengineering", was presented in 2002 
att the International Conference on Software Maintenance (ICSM) in Montreal, 
Canadaa [80]. 

Chapterr 5, "Cost-Effective Maintenance Tools for Proprietary Languages", was 
co-authoredd with Ramin Monajemi. It was presented in 2001 at the Interna-
tionall  Conference on Software Maintenance (ICSM) in Florence, Italy [82]. 

Chapterr 6, "Source Tree Composition", was presented in 2002 at the 7th Inter-
nationall  Conference on Software Reuse (ICSR) in Austin, Texas [81]. 

Chapterr 7, "Feature-Based Product Line Instantiation using Source-Level Pack-
ages",, was co-authored with Arie van Deursen and Tobias Kuipers. It was pre-
sentedd in 2002 at the second Software Product Line Conference (SPLC) in San 
Diego,, California [52]. 

14 4 


