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C H A P T ERR 6 

Sourcee Tree Composition 

AA typical problem of component-based applications is their complicated con-
structionstruction and distribution because the internal structuring in components usually 
remainsremains visible at construction and distribution-time. For example, it is not easy 
toto deliver the SDL documentation generator from Chapter 5, "Cost-Effective Main-
tenancetenance Tools for Proprietary Languages", as a unit to a customer, or to configure 
andand build it as a unit. Consequently, each constituent component of a software 
systemsystem has to be separately retrieved, compiled, installed and so on. 

ThisThis chapter tackles this problem by providing techniques for automated as-
semblysembly of composite software systems from their constituent source code compo-
nents.nents. This process is called Source Tree Composition and involves integration of 
sourcesource trees, build processes, and configuration processes. The result is a software 
systemsystem that hides its internal structuring in components and, consequently, consequently, can be 
managedmanaged as a single unit 

ApplicationApplication domains of source tree composition include generative program-
ming,ming, product line architectures, commercial off-the-shelf (COTS) software en-
gineering,gineering, and Language-Centered Software Engineering (LCSE). The work pre-
sentedsented in this chapter was published earlier as [81]. 

6.11 Introduction 

Thee classical approach of component composition is based on pre-installed 
binaryy components (such as pre-installed libraries). This approach however, 
complicatess software development because: (i) system building requires ex-
traa effort to configure and install the components prior to building the sys-
temm itself; (ii) it yields accessibility problems to locate components and corre-
spondingg documentation [99]; (iii ) it complicates the process of building self-
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containedd distributions from a system and all its components. Package man-
agerss (such as RPM [6]) reduce build effort but do not help much to solve the 
remainingg problems. Furthermore, they introduce version problems when dif-
ferentt versions of a component are used [99,135]. They also provide restricted 
controll  over a component's configuration. All these complicating factors ham-
perr software reuse and negatively influence granularity of reuse [112]. 

Wee argue that source code components (as alternative to binary compo-
nents)) can improve software reuse for component-based software develop-
ment.11 Source code components are source files divided in directory structures. 
Theyy form the implementation of subsystems. Source code component compo-
sitionn yields self-contained source trees with single integrated configuration 
andd build processes. We called this process source tree composition. 

Thee literature contains many references to articles dealing with component 
compositionn on the design and execution level, and with build processes of 
individuall  components (see the related work in Section 6.9). However, tech-
niquess for composition of source trees of diverse components, developed in 
differentt organizations, in multiple languages, for the construction of systems 
whichh are to be reusable themselves and to be distributed in source, are under-
exposedd and are the subject of this chapter. 

Thee chapter is organized as follows. Section 6.2 motivates the need for ad-
vancedd techniques to perform source tree composition. Section 6.3 describes 
terminology.. Section 6.4 describes the process of source tree composition. Sec-
tionss 6.5 and 6.6 describe abstraction mechanisms over source trees and com-
positee software systems. Section 6.7 describes automated source tree composi-
tion.. It discusses the tool autobundle, online package bases, and product line 
architectures.. Section 6.8 describes experiences with source tree composition. 
Relatedd work and concluding remarks are discussed in Sections 6.9 and 6.10. 

6.22 Motivation 

Thee source code components that form a software system are often tightly 
coupled:: the implementation of all subsystems is contained in a single source 
tree,, a central build process controls their build processes, and a central con-
figurationfiguration process performs their static (compile-time) configuration. For ex-
ample,, a top-level Makefile often controls the global build process of a soft-
waree system. A system is then built by recursively executing make [59] from 
thee top-level Makefile for each source code component. Often, a global GNU 
autoconff  [100] configuration script performs system configuration, for in-
stancee to select the compilers to use and to enable or disable debugging sup-
port. . 

Suchh tight coupling of source code components has two main advantages: 
(i)) due to build process integration, building and configuring a system can be 

11 Please note that despite the advantages that source code components provide, binary compo-
nentss may still be mandated, for instance, to protect intellectual property. 
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performedd easily from one central place; (ii) distributing the system as a unit is 
relativelyy easy because all source is contained in a single tree (one source tree, 
onee product). 

Unfortunately,, tight coupling of source code components also has several 
drawbacks: : 

 The composition of components is inflexible. It requires adaption of the 
globall  build instructions and (possibly) its build configuration when new 
componentss are added [99]. For example, it requires adaption of a top-
levell  Makefile to execute make recursively for the new component. 

 Potentially reusable code does not come available for reuse outside the 
systemm because entangled build instructions and build configuration of 
componentss are not reusable [112]. For example, as a result of using 
autoconf,, a component's configuration is contained in a top-level con-
figurationn script and therefore not directly available for reuse. 

 Direct references into source trees of components yield unnecessary file 
systemm dependencies between components in addition to functional de-
pendencies.. Changing the file or directory structure of one component 
mayy break another. 

Too address these problems, the constituent source code components of a system 
shouldd be isolated and be made available for reuse (system decomposition). 
Afterr decomposition, new systems can be developed by selecting components 
andd assembling them together (system composition). This process is depicted 
inn Figure 6.1. 

Forr system composition not only source files are required, but also all build 
knowledgee of all constituent source code components. Therefore, we define 
sourcesource tree composition as the composition of all files, directories, and build 
knowledgee of all reused components. To benefit from the advantages of a 
tightlyy coupled system, source tree composition should yield a self-contained 
sourcee tree with central build and configuration processes, which can be dis-
tributedd as a unit. 

Whenn the reuse scope of software components is restricted to a single Con-
figurationfiguration Management (CM) [17] system, source tree composition might be 
easy.. This is because, ideally, a CM system administrates the build knowledge 
off  all components, their dependencies, etc., and is able to perform the compo-
sitionn automatically.2 

Whenn the reuse scope is extended to multiple projects or organizations, 
sourcee tree composition becomes harder because configuration management 
(includingg build knowledge) needs to be untangled [40, 112]. Source tree 
compositionn is further complicated when third party components are reused, 
whenn the resulting system has to be reusable itself, and when it has to be 

2Observee that in practice, CM systems are often confused with version management systems. 
Thee latter do not administrate knowledge suitable for source tree composition. 
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FigureFigure 6.1 Component development, system composition, and system assembly with 
sourcee code component reuse. Components are developed individually; compositions of 
componentss form systems, which are assembled to form software bundles (self-contained 
softwaree systems). 

distributedd as source. This is because: i) standardization of CM systems is 
lackingg [112, 151]; ii ) control overbuild processes of third party components is 
restricted;; iii ) expertise on building the system and its constituent components 
mightt be unavailable. 

Summarizing,, to increase reuse of source code components, source tree 
compositionn should be made more generally applicable. This requires tech-
niquess to hide the decomposition of systems at distribution time, to fully in-
tegratee build processes of (third party) components, and to minimize config-
urationn and build effort of the system. Once generally applicable, source tree 
compositionn simplifies assembling component-based software systems from im-
plementingg source code components. 

Supplierss of Commercial Off-The-Shelf (COTS) source code components 
andd of Open Source Software (OSS) components can benefit from the tech-
niquess presented in this chapter because integration of their components is 
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simplified,, which makes them suitable for widespread use. Moreover, as we 
wil ll  see in Section 6.7.3 and in Chapter 7, "Feature-Based Product Line In-
stantiationn using Source-Level Packages", product line architectures, which are 
concernedd with assembling families of related applications, can also benefit 
fromm source tree composition. 

6.33 Terminology 

SystemSystem building is the process of deriving the targets of a software system (or 
softwaree component) from source [47]. We call the set of targets (such as 
executables,, libraries, and documentation) a software product, and define a 
softwaresoftware package as a distribution unit of a versioned software system in either 
binaryy or source form. 

AA system's build process is divided in several steps, which we call build ac-
tions.tions. They constitute a system's build interface. A build action is defined in 
termss of build instructions which state how to fulfil l the action. For exam-
ple,, a build process driven by make typically contains the build actions a l l , 
i n s t a l l,, and check. The a ll action, which builds the complete software 
product,, might be implemented as a sequence of build instructions in which an 
executablee is derived from c program text by calling a compiler and a linker. 

Systemm building and system behavior can be controlled by static configu-
rationration [51]. Statically configurable parameters define at compile-time which 
partss of a system to build and how to build them. Examples of such parame-
terss are debug support (by turning debug information on or off), and the set 
off  drivers to include in an executable. We call the set of statically configurable 
parameterss of a system a configuration interface. 

Wee define a source tree as a directory hierarchy containing all source files of 
aa software (sub) system. A source tree includes the sources of the system itself, 
filesfiles containing build instructions (such as Makefiles), and configuration files, 
suchh as autoconf configuration scripts. 

6.44 Source tree composition 

Sourcee tree composition is the process of assembling software systems by put-
tingg source trees of reusable components together. It involves merging source 
trees,, build processes, and configuration processes. Source tree composition 
yieldss a single source tree with centralized build and configuration processes. 

Thee aim of source tree composition is to improve reusability of source code 
components.. To be successful, source tree composition should meet the follow-
ingg two requirements: 

Repeatablee To benefit from any evolution of the individual components, it is 
essentiall  that an old version of a component can easily be replaced by a 
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package e 
identification n 

name= = 
version: : 

location: : 
info: : 

description: : 
keywords: : 

configuration n 

=CobolSQLTrans s 
=1.0 0 
=http://www.coboltrans.org g 
=http://www.coboltrans.org/doc c 
^Transformationn framework for COBOL with embedded SQL' 
=cobol,, sql, transformation, framework 
interface e 

layout-preservinglayout-preserving 'Enable layout preserving transformations.' 
requires s 

coboll 0.5 with lang-ext=SQL 
asff 1.1 with traversals=on 
sglrr 3.0 
gppp 2.0 

FigureFigure 6.2 An example package definition. 

newer.. Repeating the composition should therefore take as littl e effort as 
possible. . 

Invisiblee A source distribution of a system for non-developers should be of-
feredd as a unit (one source tree, one product), the internal structuring 
inn source code components should not necessarily be visible. Integrating 
buildd and configuration processes of components is therefore a prerequi-
site. . 

Duee to lacking standardization of build and configuration processes, these re-
quirementss are hard to satisfy. Especially when drawing on a diverse collection 
off  software components, developed and maintained in different institutes, by 
differentt people, and implemented in different programming languages. Com-
positionn of source trees therefore often requires fine-tuning a system's build 
andd configuration process, or even adapting the components themselves. 

Too improve this situation, we propose to formalize the parameters of source 
codee packages and to hide component-specific build and configuration pro-
cessess behind interfaces. A standardized build interface defines the build ac-
tionss of a component. A configuration interface defines a component's config-
urablee items. An integrated build process is formed by composing the build 
actionss of each component sequentially. The configuration interface of a com-
posedd system is formed by merging the configuration interfaces of its con-
stituentt components. 
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6.55 Definition of single source trees 

Wee propose source code packages as unit of reuse for source tree composition. 
Theyy help to: i) easily distinguish different versions of a component and to 
alloww them to coexist; ii) make source tree composition institute and project-
independentt because versioned distributions are independent of any CM sys-
tem;; iii ) allow simultaneous development and use of source code components. 

Too be effectively reusable, software packages require abstractions [92]. We 
introducee package definitions as abstraction of source code packages. We de-
velopedd a domain-specific language to represent them, of which an example is 
depictedd in Figure 6.2. It defines the software package CobolSQLTrans which is 
intendedd to develop transformations for COBOL with embedded SQL. 

Packagee definitions define the parameters of packages, which include pack-
agee identification, package dependencies, and package configuration. 

Packagee identification The minimal information that is needed to identify 
aa software package are its name and version number. These, as well as the 
URLL where the package can be obtained, a short description of the package, 
andd a list of keywords are recorded in a package's identification section (see 
Figuree 6.2). 

Packagee configuration The configuration interface of a software package is 
definedd in the configuration interface section. In Figure 6.2, the configuration in-
terfacee defines a single configuration parameter and a short usage description 
off  this parameter. With this parameter, support for layout preserving transfor-
mationss in the CobolSQLTrans package can be turned on or off. Partial config-
urationn enforced by other components and composition of configuration inter-
facess is discussed in Section 6.6. 

Packagee dependencies To support true development with reuse, a package 
definitionn can list the packages that it reuses in the requires section. Pack-
agee definitions also allow to define a (partial) static configuration for required 
packages.. Package dependencies are used during package normalization (see 
Sectionn 6.6) to synthesize the complete set of packages that form a system. For 
example,, the package of Figure 6.2 requires at least version 0.5 of the cobol 
packagee and configures it with embedded SQL. Further package requirements 
aree the Algebraic Specification Formalism (ASF) as programming language with 
supportt for automatic term traversal, a parser (sgl r ), and a pretty-printer 
(GPP). . 
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bundle e 
name=CobolSQLTrans-bundlee versions .0 
configurationn interface 

layout-preserving layout-preserving 
'Enablee layout preserving transformations.' 

boxenv boxenv 
'Locationn of external boxenv package.' 

bundles s 
package e 

name=sdff version=2.1 
configuration n 

package e 
name=sqll version=0.2 
configuration n 

package e 
name=coboll version=0.5 
configuration n 

lang-ext=SQL L 
package e 

name=atermm version=1.6.3 
configuration n 

package e 
name=asff version=1.1 
configuration n 

traversals=on n 
package e 

name=sglrr version=3.0 
configuration n 

package e 
name=gppp version=2.0 
configuration n 

package e 
name=CobolSQLTranss version=1.0 
configuration n 

FigureFigure 6.3 Bundle definition obtained by normalizing the package definition of Fig-
uree 6.2. This definition has been stripped due to space limitations. 

6.66 Definition of composite source trees 

AA  software bundle is the source tree that results from a particular source tree 
composition.. A bundle definition (see Figure 6.3) defines the ingredients of a 
bundle,, its configuration interface, and its identification. The ingredients of a 
bundlee are defined as composition of package definitions. 

AA bundle definition is obtained through a process called package normaliza-
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CobolSQLTrans-1.0 0 

boxenv-1.8 8 

FigureFigure 6.4 A package dependency graph for the COBOL transformation package of 
Figuree 6.2. The dashed node denotes an unresolved package dependency. 

tiontion which includes package dependency and version resolution, build order 
arrangement,, configuration distribution, and bundle interface construction. 

Dependencyy resolution Unless otherwise specified, package normalization 
calculatess the transitive closure of all required packages and collects all cor-
respondingg package definitions. The list of required packages follows directly 
fromm the bundle's package dependency graph (see Figure 6.4). For instance, 
duringg normalization of the package definition of Figure 6.2, dependency upon 
thee aterm package is signaled and its definition is included in the bundle defini-
tion.. When a package definition is missing (see the dashed node in Figure 6.4), 
aa configuration parameter is added to the bundle's configuration interface (see 
below). . 

Versionn resolution One software bundle cannot contain multiple versions of 
aa single package. When dependency resolution signals that different versions 
off  a package are required, the package normalization process should decide 
whichh version to bundle. 

Essentiall  for package normalization is compatibility between different ver-
sionss of a package (see [149, 47, 151] for a discussion of version models). In 
accordancee with [110], we require backwards compatibility to make sure that a 
particularr version of a package can always be replaced by one of its successors. 
Whenn backwards compatibility of a package cannot be satisfied, a new pack-
agee (with a different name) should be created. Our tooling can be instantiated 
withh different version schemes allowing experimenting with other (weakened) 
versionn requirements. 

Buildd order arrangement Package dependencies serve to define the build or-
derr of composite software systems: building a package should be delayed until 
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alll  of its required packages have been built. During package normalization, 
thee collected package definitions are correctly ordered linearly according to a 
bottom-upp traversal of the dependency graph. Therefore, the cobol package 
occurss after the sql package in the bundle definition of Figure 6.3. Circular de-
pendenciess between packages are not allowed. Such circularities correspond 
too bootstrapping problems and should be solved by package developers (for 
instancee by splitting packages or by creating dedicated bootstrap packages). 

Configurationn propagation Each package definition that is collected during 
packagee normalization contains a (possibly empty) set of configurable param-
eters,, its configuration interface. Configurable parameters might get bound 
whenn the package is used by another package imposing a particular configura-
tion.. During normalization, this configuration is determined by collecting all 
thee bindings of each package. For example, the CobolSQLTrans package of Fig-
uree 6.2 binds the configurable parameter lang-ext of the cobol package to SQL, 
thee parameter traversals of the asf package is bound to on (see Figure 6.3). 
AA conflicting configuration occurs when a single parameter gets bound differ-
ently.. As an example, consider a software bundle that bundles packages A 
(whichh has a debug configuration switch), B, and C. A configuration conflict 
occurss when package B uses the debug switch of package A to turn debug sup-
portt on, while package B uses it to turn debugging off. Such configuration 
conflictss can easily be detected during package normalization. 

Bundlee interface construction The configuration interface of a bundle is 
formedd by collecting all unbound configurable parameters of bundled pack-
ages.. In addition, it is extended with parameters for unresolved package re-
quirementss and for packages that have been explicitly excluded from the pack-
agee normalization process. These parameters serve to specify the installation 
locationss of missing packages at compile-time. The configuration interface of 
thee CobolSQLTrans package (see Figure 6.3) is formed by the layout-preserving 
parameterr originating from the CobolSQLTrans package, and the boxenv param-
eterr which is due to the unresolved dependency of the gpp package (see Fig-
uree 6.4). 

Afterr normalization, a bundle definition defines a software system as col-
lectionn of software packages. It includes package definitions of all required 
packagess and configuration parameters for those that are missing. Further-
more,, it defines a partial configuration for packages and their build order. This 
informationn is sufficient to perform a composition of source trees. In the next 
sectionn we discuss how this can be automated. 
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Makee f i l e , am Top-level automake Makefile that integrates build 
processess of all bundled packages. 

c o n f i g u r e.. i n An au toconf configuration script to perform central 
configurationn of all packages in a software bundle. 

pp k g - l i s t A list of the packages of a bundle, their versions, and 
downloadd locations. 

c o l l e ctt A tool that downloads, unpacks, and integrates the 
packagess listed in p k g - l i s t. 

READMEE A file that briefly describes the software bundle and its 
packages. . 

a c i n c l u d e . m44 A file containing extensions to au toconf functional-
ityy to make central configuration of packages possible. 

TableTable 6.1 Files that are contained in a generated software bundle. 

6.77 Automated source tree composition 

Wee automated source tree composition in the tool a u t o b u n d l e. In addition, 
wee implemented tools to make package definitions available via online package 
bases.bases. Online package bases form central meeting points for package devel-
operss and package users, and provide online package selection, bundling, and 
contributionn via Internet. These techniques can be used to automate system 
assemblingg in product line architectures. 

6.7.11 Autobundle 
Packagee normalization and bundle generation are implemented by a u t o b u n-
d le .33 This tool produces a software bundle containing top-level configuration 
andd build procedures, and a list of bundled packages with their download lo-
cationss (see Table 6.1). 

Thee generated bundle does not contain the source trees of individual pack-
agess yet, but rather the tool c o l l e ct that can collect the packages and in-
tegratee them in the generated bundle automatically. The reason to generate 
ann empty bundle is twofold: i) since a u t o b u n d le typically runs on a server 
(seee Section 6.7.2), collecting, integrating, and building distributions would 
reducee server performance too much. By letting the user perform these tasks, 
thee server gets relieved significantly, ii) It protects an a u t o b u n d le server from 
legall  issues when copyright restrictions prohibit redistribution or bundling of 
packagess because no software is redistributed or bundled at all. 

Too obtain the software packages and to build self-contained distributions, 
thee build interface of a generated bundle contains the build actions c o l l e c t, 
too download and integrate the source trees of all packages, and b u n d le to also 

3Seee Appendix A for information about the availability of autobundle. 
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a l ll  Build action to build all targets of a source code package. 
i n s t a lll  Build action to install all targets. 
c leann Build action to remove all targets and intermediate re-

sults. . 
d i stt Build action to generate a source code distribution. 
checkk Build action to verify run-time behavior of the system. 

TableTable 6.2 Build actions of the standardized build interface required by autobundle. 
Inn addition, a tool configure for static configuration is also required. 

putt them into a single source distribution. 
Thee generated bundle is driven by make [59] and offers a standardized 

buildd interface (see Table 6.2). The build interface and corresponding build in-
structionss are generated by autoconf [100] and automake [101]. The tool 
autoconff  generates software configuration scripts and standardizes static 
softwaree configuration. The tool automake provides a standardized set of 
buildd actions by generating Makefiles from abstract build process descriptions. 
Currentlyy we require that these tools are also used by bundled packages. We 
usedd the tools because they are freely available and in widespread use. How-
ever,, they are not essential for the concept of source tree composition. Es-
sentiall  is the availability of a standardized build interface (such as the one 
inn Table 6.2); any build system that implements this interface would suffice. 
Moreover,, when a build system does not implement this interface, it would not 
bee difficult to hide the package-specific configuration and build instructions 
behindd the standardized build interface. 

Afterr the packages are automatically collected and integrated, the top-level 
buildd and configuration processes take care of building and configuring the 
individuall  components in the correct order. The build process also provides 
supportt for generating a self-contained source distribution from the complete 
bundle.. This hides the structuring of the system in components and allows 
aa developer to distribute his software product as a single unit. The complete 
processs is depicted in Figure 6.5. 

6.7.22 Online package bases 

Resolutionn of package dependencies is performed by searching for package def-
initionss in package repositories. We developed tools to make such repositories 
browsablee and searchable via Inter/Intranet, and we implemented HTML form 
generationn for interactive package selection. The form constitutes an online 
packagepackage base and lists packages and available versions together with descrip-
tionss and keywords. The form can be filled out by selecting the packages of 
need.. By pressing the "bundle" button, the autobundle server is requested 
too generate the desired bundle. Anyone can contribute by filling  out an online 
packagepackage contribution form. After submitting this form, a package definition is 
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FigureFigure 6.5 Construction and distribution of software systems with source tree compo-
sition.. (1) Packages of need are selected. (2) The selected set of packages is normalized 
too form a bundle definition. (3) From this definition an empty software bundle is gener-
ated.. (4) Required software packages are collected and integrated in the bundle, after 
whichh the system can be built (5a), or be distributed as a self-contained unit (5b). 

generatedd and die online package base is updated. This is the only required 
stepp to make an autoconf /automake-based package available for reuse with 
a u t o b u n d l e. . 

Onlinee package bases can be deployed to enable and control software reuse 
withinn a particular reuse scope (for instance, group, department, or company 
wide).. They make software reuse and software dependencies explicit because a 
distributionn policy of software components is required when source code pack-
agess form the unit of reuse. 

6.7.33 Product line architectures 

Onlinee package bases allow the software engineer to easily assemble systems 
byy selecting components of need. An assembled system is partly configured 
dependingg on the combination of components. Remaining variation points can 
bee configured at compile-time. This approach of system assembly is related to 
thee domain of product line architectures. 

AA Product Line Architecture (PLA) is a design for families of related ap-
plications;; application construction (also called product instantiation [66]) is 
accomplishedd by composing reusable components [10]. The building blocks 
fromm which applications are assembled are usually abstract requirements (con-
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sistingg of application-oriented concepts and features). For the construction 
off  the application, corresponding implementation components are required. 
Too automate component assembly, configuration knowledge is required which 
mapss between the problem space (consisting of abstract requirements) and the 
solutionsolution space (consisting of implementation components) [50]. 

Wee believe that package definitions, bundle generation, and online package 
basess serve implementing a PIA by automating the integration of source trees 
andd static configuration. Integration of functionality of components still needs 
too be implemented in the components themselves, for instance as part of a 
component'ss build process. 

Ourr package definition language can serve as a configuration DSL (Domain-
Specificc Language) [51]. It then serves to capture configuration knowledge 
andd to define mappings from the problem space to the solution space. Abstract 
componentss from the problem space are distinguished from implementation 
componentss by having an empty location field in their package definition. A 
mappingg is defined by specifying an implementation component in the requires 
sectionn of an abstract package definition. 

Systemm assembling can be automated by autobundle. It normalizes a set 
off  abstract components (features) and produces a source tree containing all 
correspondingg implementation components and generates a (partial) config-
urationn for them. Variation points of the assembled system can be configured 
staticallyy via the generated configuration interface. An assembled system forms 
aa unit which can easily be distributed and reused in other products. 

Definitionss of abstract packages can be made available via online package 
bases.. Package bases then serve to represent application-oriented concepts and 
featuress similar to feature diagrams [86]. This makes assembling applications 
ass easy as selecting the features of need. 

Usingg source tree composition for product lines is further explored in Chap-
terr 7, "Feature-Based Product Line Instantiation using Source-Level Packages". 

6.88 Case studies 
Systemm development We successfully applied source tree composition to the 
ASFF + SDF Meta-Environment [27], an integrated environment for the develop-
mentt of programming languages and tools, which has been developed at our 
researchh group. Source tree composition solved the following problems that 
wee encountered in the past: 

 We had difficulties in distributing the system as a unit. We were using 
ad-hocc methods to bundle all required components and to integrate their 
buildd processes. 

 We were encountering the well-known problem of simultaneously devel-
opingg and using tools. Because we did not have a distribution policy for 
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individuall  components, development and use of components were often 
conflictingg activities. 

 Most of the constituent components were generic in nature. Due to their 
entanglingg in the system's source tree however, reuse of individual com-
ponentss across project boundaries proved to be extremely problematic. 

Afterr we started using source tree composition techniques, reusability of our 
componentss greatly improved. This was demonstrated by the development of 
XT,, a bundle of program transformation tools (see Chapter 3). It bundles com-
ponentss from the ASF + SDF Meta-Environment together with a diverse collec-
tionn of components related to program transformation. Currently, XT is assem-
bledd from 25 reusable source code components developed at three different 
institutes.4 4 

Forr both projects, package definitions, package normalization, and bundle 
generationn proved to be extremely helpful for building self-contained source 
distributions.. With these techniques, building distributions of the ASF + SDF 
Meta-Environmentt and of XT became a completely automated process. Defin-
ingg the top-level component of a system (i.e., the root node in the system's 
packagee dependency graph) suffices to generate a distribution of the system. 

Onlinee Package Base To improve flexibility of component composition, we 
dennedd package definitions for all of our software packages, included them in 
aa single package repository and made that available via Internet as the Online 
Packagee Base (see Figure 6.6). 

Withh the Online Package Base (OPB), building source distributions of XT 
andd of the ASF+SDF Meta-Environment becomes a dynamic process and re-
ducess to selecting one of these packages and submitting a bundle request to the 
autobundlee server. The exact contents of both distributions can be controlled 
forr specific needs by in/excluding components, or by enforcing additional ver-
sionn requirements of individual components. Similarly, any composition of our 
componentss can be obtained via the OPB. 

Althoughh it was initiated to simplify and increase reuse of our own software 
packages,, anyone can now contribute by filling  out a package contribution form. 
Hence,, compositions with third-party components can also be made. For exam-
ple,, the OPB contains several package definitions for GNU software, the graph 
drawingg package graphviz from AT&T, and components from a number of other 
researchh institutes. 

Strategoo compiler Recently, the Stratego compiler [140] has been split up in 
reusablee packages (including the Stratego run-time system). The constituting 
componentss (developed at different institutes) are bundled with autobundle 
too form a stand-alone distribution of the compiler. With autobundle also 

4Seee Appendix A for information about the availability of the Online Package Base. 
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moree fine-grained reuse of these packages is possible. An example is the distri-
butionn of a compiled Stratego program with only the Stratego run-time system. 
Thee Stratego compiler also illustrates the usefulness of nested bundles. Though 
aa composite bundle, the Stratego compiler is treated as a single component by 
thee XT bundle in which it is included. 

Productt line architectures We have investigated the use of autobundle 
andd online package bases in a commercial setting to transform the industrial 
applicationn DOCGEN [57] into a product line architecture [52]. DOCGEN is a 
documentationn generator which generates interactive, hyperlinked documen-
tationn about legacy systems. Documentation generation consists of generic and 
specificc artifact extraction and visualization in a customer-specific layout. It is 
importantt that customer-specific code is not delivered to other customers (i.e., 
thatt certain packages are not bundled). 

Thee variation points of DOCGEN have been examined and captured in a Fea-
turee Description Language (FDL) [56]. We are analyzing how feature selection 
(forr instance the artifacts to document and which layout to use) can be per-
formedd via an online package base. Package definitions serve to map selected 
featuress to corresponding implementing components (such as specific extrac-
torss and visualizators). Such a feature set is normalized by autobundle to 
aa bundle of software packages, which are then integrated into a single source 
treee that forms the intended customer-specific product. In Chapter 7, "Feature-
Basedd Product Line Instantiation using Source-Level Packages", we will further 
discusss the DOCGEN product line. 

6.99 Related work 

Manyy articles, for instance [39, 35, 46], address build processes and tools to 
performm builds. Tools and techniques are discussed to solve limitations of tra-
ditionall  make [59], such as improving dependency resolution, build perfor-
mance,, and support for variant builds. Composition of source trees and build 
processess is not addressed. 

Gunterr [65] discusses an abstract model of dependencies between software 
configurationn items based on a theory of concurrent computations over a class 
off  Petri nets. It can be used to combine build processes of various software 
environments. . 

Millerr [104] motivates global definition of a system's build process to allow 
maximall  dependency tracking and to improve build performance. However, 
too enable composition of components, independence of components (weak 
coupling)) is important [149]. For source tree composition this implies inde-
pendencee of individual build processes and therefore contradicts the approach 
off  [104]. Since the approach of Miller entangles all components of the system, 
wee believe that it will hamper software reuse. 
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Netscape:: Online Package base 
Ree Edit View (to Communicator 

^^ This is the Online Package Base: a collection of reusable Free Software packages 
developedd at different institutes. 

Afterr selecting the packages you need, press the ' bundle' button below to obtain a software 
bundlee containing the description of the packages you selected and those that are required by 
them.. After downloading and unpacking the bundle, consult the README file in the bundle about 
thee easy installation procedure of the complete software bundle. 

Iff you want to exclude a package from a software bundle, select the package and choose 'exclude' 
ass version number. 

YouYou can contribute your own software packages, by donating a package definition file. To do so, 
pleaseplease fill out a package contribution form. 

Too get an impression about software reuse via the Package Base, visit the Package Dependency 
Graph. . 

bundle|| dependency graph| clear] Package search: 

JJ apigen (81.3 w exclude 

search h 

WW asfsdf-meta 

fgb b 

Generatess data types in C and Java that hide the ATerm library behind a typ 
ATermss following the signature in a typed manner, 
keywords:: meta-environment, code generation, C, Java, aterm 

#1.1.1 1 .1.2 2 ,1.1 1 ;; 1.0.1 .1.0 0 ..0.8.1 1 

Thee ASF+SDF Meta-Environment is an interactive tool suite for building 
language-orientedd tools for program development, domain-specific 
languages,, program analysis and software renovation, 
keywords:: meta-environment, asf, sdf, dsl, language environment, aterm 

;sLi i ;M M JQJi i ',', exclude 

J g p p p 

Thee Grammar Base, a collection of 
keywords:: xt, SDF, grammar 

GPP:: the generic pretty-printer pa< 
keywords:: XT, pretty-printer, html, 

JJ grammar-recovery (8 0.3 ;JU U ;M M 

JJ graph-tools 

Grammarr Recovery: a collection of 
keywords:: xt, grammar, sdf, recove. 

,02. ,02. . . o j . . 

Graphh Tools: a collection of tools f 
keywords:: XT, XML, graph, graph* 

Savee As... (type application/x-tar-gzip) 

Satecfion n 

/tmp/opb/asf3df-meta-gb-bundle-0.. 1. tar g^ 

Rr r ? ? 

FigureFigure 6.6 Automated source tree composition at the Online Package Base. See Ap-
pendixx A for information about the availability of the Online Package Base. 
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Thiss chapter addresses techniques to assemble software systems by inte-
gratingg source trees of reusable components. In practice, such components are 
oftenn distributed separately and their installation is required prior to building 
thee system itself. This extra installation effort is problematic [135], even when 
partlyy automated by package managers (like RPM [6]). Although source tree 
compositionn simplifies software building, it does not make package manage-
mentt superfluous. The use of package managers is therefore still advocated 
too assist system administrators in installing (binary) distributions of assembled 
systems. . 

Thee work presented in this chapter has several similarities with the compo-
nentt model Koala [112, 110]. The Koala model has a component description 
languagee like our package definition language, and implementations and com-
ponentt descriptions are stored in central repositories accessible via Internet. 
Theyy also emphasize the need for backward compatibility and the need to un-
tanglee build knowledge from an SCM system to make components reusable. 
Unlikee our approach, the system is restricted to the c programming language, 
andd merging the underlying implementations of selected components is not 
addressed. . 

Inn [71], a software release management process is discussed that documents 
releasedd source code components, records and exploits dependencies amongst 
components,, and supports location and retrieval of groups of compatible com-
ponents.. Their primarily focus is component release and installation, not de-
velopmentt of composite systems and component integration as is the case in 
thiss chapter. 

6.100 Concluding remarks 

Thiss chapter addresses software reuse based on source code components and 
onn software assembly using the technique source tree composition. Source tree 
compositionn integrates source trees and build processes of individual source 
codee components to form self-contained source trees with single integrated 
configurationn and build processes. 

Contributionss We provided an abstraction mechanism for source code pack-
agess and software bundles in the form of package and bundle definitions. By 
normalizingg a collection of package definitions (package normalization) a com-
positionn of packages is synthesized. The tool autobundle implements pack-
agee normalization and bundle generation. It fully automates source tree com-
position.. Online package bases, which are automatically generated from pack-
agee repositories, make package selection easy. They enable source code reuse 
withinn a particular reuse scope. Source tree composition can be deployed to 
automatee dynamic system assembly in product line architectures. 
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FigureFigure 6.7 Components used for the implementation of autobundle. 

Componentss and reuse The implementation of a u t o b u n d le and the tools 
forr generating online package bases follows the Language-Centered Software 
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Component Component 

autobundle e 
bundle2conf. . 
bundle2pkgl_ _ 
bundlegen n 
pkgs2form m 
pkg-search h 

Totals: : 

Non-transitivt Non-transitivt 
LOC LOC 

175 5 
Lguree 950 
L St t 576 6 

2,361 1 
1,451 1 

873 3 

6,386 6 

RSI RSI 

0 0 
780 0 
541 1 

1,505 5 
1,082 2 

779 9 

4,687 7 

:: reuse 
Reuse% Reuse% 

0% % 
82% % 
93% % 
63% % 
74% % 
89% % 

73% % 

Transitive Transitive 
LOC LOC 

4,062 2 
950 0 
576 6 

2,361 1 
1,451 1 

873 3 

10,273 3 

reuse reuse 
Reuse% Reuse% 

95% % 
82% % 
93% % 
63% % 
74% % 
89% % 

83% % 

TableTable 6.3 Reuse table for the autobundle package. The table shows that for this 
package,, a total of 1,699 new lines of code had to be written. 

Engineeringg (LCSE) model as discussed in Chapter 2, "Grammars as Contracts". 
Forr the implementation a significant amount of code is reused from the XT 
bundle,, including generators for obtaining language-specific libraries and full-
fledgedd components for parsing and pretty-printing. 

Figuree 6.7 displays the autobundle package, its constituent components, and 
thee components it reuses (see Section 3.6 on page 42 for information about 
componentt diagrams). The autobundle package implements 6 components and 
reusess 10 components from 6 different packages. 

Tablee 6.3 depicts component sizes and reuse levels of the autobundle pack-
age.. The table shows that the implementation consists of approximately 6,300 
liness of code, of which more than 4,600 lines are reused. This yields a reuse 
levell  between 73% and 83%. Section 3.6 justifies these numbers and describes 
howw they are obtained by analyzing component implementations. 

Futuree work We depend on backwards compatibility of software packages. 
Thiss requirement is hard to enforce and weakening it is an interesting topic 
forr further research. The other requirement that we depend on now, is the 
usee of a u t o c o nf and automake, which implement a standard configuration 
andd build interface. We have ideas for a generic approach to hide component-
specificc build and configuration procedures behind standardized interfaces, but 
thiss still requires additional research. 
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