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Abstract Concern Reported | Unwanted | % of
Deviations | Deviations| total
In this paper, we evaluate the benefits of applying aspect- Error handling 18 6 3
oriented software development techniques in the context Parameter tracing 64 6 1
of a large-scale industrial embedded software system im- Parameter checkin 75 28 7
plementing a number of crosscutting concerns. Addition-
ally, we assess the feasibility of automatically extracting Table 1: Results of the concern verification phase

these crosscutting concerns from the source code. In or-

der to achieve this, we present an approach for reverse en-

gineering aspects from an ordinary application automati-

cally. This approach incorporates bothamncern verifica-  ing of more than 10 million lines of C code. Our experi-
tionand anaspect constructigohase. Our results show that ment, however, is based on a relatively small, but represen-

such automated support is feasible, and can lead to signifi-tative, software component (which we will call te&€ com-
cant improvements in source code quality. ponent in this paper).

The crosscutting concerns we focus on for our experi-
] ment are theerror handlingconcern (responsible for rais-
1. Introduction ing, catching and logging errors), thEarameter tracing

concern (responsible for logging the values of input and out-

In recent years, aspect-oriented software development, ¢ parameters of C functions) and tparameter check-
(AOSD) [1] has become increasingly more popular. AOSD jng concern (responsible for implementing pointer checks

languages offer an additional construct @pec), which  ang rajsing warnings whenever such a pointer contains a
allows software developers to capture crosscutting concemson-expected value). These concerns are implemented by
in cleanly separated modules. The aim is to improve impor- means of simple naming and coding conventions and ap-
tant quality attributes such as maintainability, evolvability hear gver the entire ASML source code base, comprising

and understandability, among others [1, 2]. roughly 24% of the code of the CC component.
Up till now, the primary focus of AOSD research was on

aspect language technology. Research concerning the mi- |n order to assess the potential benefits of AOSD, we
gration of large-scale legacy applications to aspect-orientedhave implemented eoncern verifierand anaspect extrac-
applications is practically non-existent, even though this is tor. The concern verifier automatically analyses the source
an extremely important and relevant issue. In this paper, ourcode and verifies whether it implements the concerns in a
goal is exactly that: we want to assess the feasibility of au- correct and consistent way. The term “correct” refers to the
tomatically reverse engineering crosscutting concerns fromfact that the code implementing the concern should adhere
the source code of a large-scale industrial application. Addi- to the coding conventions that hold for that concern. The
tionally, this allows us to evaluate whether and how AOSD term “consistent” on the other hand, means that the con-
techniques influence the code quality of such applications. cern should be implemented wherever necessary, e.g. all lo-

cations in the source code where the concern should be im-
2. The ASML Case Study plemented, implement it. The aspect extractor generates the

appropriate aspects corresponding to the way the concerns

The subject system upon which we perform our experi- are implemented in the source code and are verified by the

ments is an embedded system developed at ASML, consisteoncern verifier.



Parameterl Now | Aspect| % reduced ply these tools to other components as well. Besides ensur-
checking | 1441 594 59 ing statistically more stable results, this may also lead to an
tracing 1539 | 810 47 even more refined concern verifier.
Our experiment is only a first, but important, step in
Table 2: Lines of Code for Parameter Checking and Tracinga larger effort dealing with the migration of legacy appli-
concern cations to aspect-oriented applications. As such, we have
3. Case Study Experience not yet considered important issues such as testing whether
the resulting aspect-oriented application preserves the be-
Table 1 contains the results obtained from running the haviour of the original application, whether automatically
concern verifier on the source code of the CC Component_transforming millions of lines of C code is feasible, whether
The first column of this table represents the concern that is@doption of automatic code generators is accepted by devel-
checked, the second contains the number of deviations thaPPers, and so on. Our long term goal is to investigate all of
were reported, the third contains the number of these devi-these issues.
ations that are considered as unwanted, and the last column
contains the percentage of the total source code that con5. Conclusion
tains unwanted deviations. This last column may need some

clarification: In this paper, we have reported on an experiment con-
cerning the verification and extraction of crosscutting con-

e for the error handling concern, it states that 8%all cerns in an industrial application. The results of our case
functionsin the CC component contains one or more study show that automated support for these two activities
unwanted deviations is both useful and feasible. Furthermore, the benefits from

« for the parameter tracing concern, it states thataf% USing AOSD technology, compared to simple naming and
all function parameterare not traced correctly. coding conventions, can be high. We observed that the re-

duction in amount of lines of code was quite significant,

e for the parameter chgcking concern, it states that 8Sleading to an overall reduction of 8% of lines of code in the
much as 7%f all function parameterare notchecked  ynsidered component.

correctly.
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4. Discussion and Future Work

We have applied the concern verifier and aspect extrac-
tor on the CC component only, which is a small, but repre-
sentative, component in the total ASML code base. In or-
der to confirm the obtained results, we should however ap-



