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One way to manage the complexity of software systems is to compose them from reusable 
components. Components may be implemented in different programming languages and 
are tied together using configuration files that entail their instantiation, initialization and 
interconnections. Although correctly engineering the composition and configuration of 
components is crucial for the overall behavior of the system, there is little support for 
incorporating this information in the static verification and validation of such systems. In 
addition, the heterogeneous nature of source code and configuration artifacts often hinders 
system-wide analysis of component-based systems. 
 
This thesis contributes a method to support analysis across the components of component-
based systems by, firstly, reverse engineering a homogeneous model of the system using 
Model-Based Engineering methods. This homogeneous model is then used as the building 
block to support various activities crucial for efficient maintenance and evolution of 
heterogeneous systems, namely: information flow analysis to support quality assurance, 
visualizations needed for comprehension, and change impact analysis.  
 
For end-to-end information flow analysis, we apply program slicing through and across the 
components to reveal dependencies between pairs of inputs and outputs at both 
component-level, as well as system-level. This knowledge is then used to create a hierarchy 
of five interconnected views to support the comprehension needs of both safety domain 
experts and software developers. Our change impact analysis method supports the evolution 
of component-based systems as members of product portfolios, where evolution can happen 
both as a result of collective domain engineering activities, as well as product-specific 
developments. 
 
As the final section of this thesis, we conduct a study to asses the state of the art in cross-
lingual program analysis. We search through seven digital libraries to find the relevant 
primary studies, and identify additional studies with manual snowballing, which results in 
75 studies. We contribute a systematic literature review on the available literature, and 
discus several implications for future research and practice as a basis for the improvement 
of software evolution in multi-language systems.  
 


