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Abstract

The most challenging and time consuming task soft-
ware engineers have to master is to understand a
software system’s behavior and its implementation.
About 50% of the time used for maintenance is
devoted to program understanding [13]. This task
has to be performed for different objectives such as
correcting or optimizing a system, making a sys-
tem match up to its environment’s evolution, and
reusing some of a system’s functionality.

1 Feature Location

For the maintenance and evolution of a large soft-
ware system the comprehension of the program as
a whole is in many cases neither feasible nor advis-
able. For the implementation of specific change re-
quests it is often sufficient to have partial knowledge
about the system. This part of the paper describes
an approach of localizing the system’s relevant parts
by starting from a user’s point of view utilizing dy-
namic and static analyses.

1.1 1In n

emands for changes to software systems are often
e pressed in domain specific terms e.g. Add a new
object type to the prede ned set of objects of the
drawing tool .

n order to implement the requested changes the
programmer only has to find out where the vari-
ous features are implemented. This search for the
features’ implementations can be realized by either
static or dynamic analyses and is improved by the
combination of both see also Figure

n general it is not obvious which components
implement a given feature. The precise mapping
of the features to the program’s source or archi-
tectural components is essential for minimizing the
time needed for program understanding. n previ-
ous work we have shown that the analysis
of feature interdependencies further leads to the un-
derstanding of the software’s architecture.

1. n n

esides our own work there are the following other
attempts to locate features in code.

ilde and cully take a dynamic approach
by analyzing traces of program’s e ecution. Their
oftware econnaissance is based on test-data and
finds features that may or may not be e ecuted due
to the test-data e.g. features that may be turned
on or o by command-line switches . The program
is run twice and by subtracting the parts of the
program present in both runs one yields the area
of code where the feature is implemented.

n contrast a lich et al. propose a semi-
automatic method that involves a human-guided
search on the program’s ependence raph. The
method takes into account documentation as well
as domain knowledge and therefore can be quite
e pensive. ince this approach is human-guided it
seems a bit more e ible than ilde’s work.

n ilde and a lich together perform a
case study on legacy Fortran code and propose
to use their methods depending on the long term
goals of the maintenance task. For large and in-
frequently changed programs oftware econnais-
sance is superior while for smaller and frequently
modified systems the ependence raph methods
seems preferable.



User’s view of specific feature

Figure

1. n

The auhaus pro ect at the niversitat tutt-
gart  provides a strong platform for software anal-
ysis. dvanced compiler technologies for data ow
and control ow analysis are used to support reverse
engineering activities and code validation. ince the
focus is currently on the programming language
the primary ob ectives for feature location are soft-
ware systems written in that language.

o far we have successfully used sophisticated
combinations of call profile analyses and mathemat-
ical founded concept formation  to gain quick and

deep insight into medium sized  programs up
to . The information gained about legacy
software is not only useful for maintenance tasks
but also gives valuable hints for rearchitecting code
assets towards product line architectures ased
upon that e perience the auhaus approach ad-
dresses several research questions for feature loca-
tion.

n most cases the features located by ilde or

a lich can easily be isolated from other features.

ow can more abstract or intermingled features be
located and separated from each other ow can
program usage scenarios give relevant insights

oth ildeand a lich study individual features.

y looking at sets of features how can commonal-
ities di erences and feature interdependencies be

e plored
hile ilde deals only with dynamic informa-
tion a lich ust takes the static dependencies into

account. ow can the integration of dynamic and
static program knowledge be realized ow does
this combination lead to better results

fter the features are located can the informa-

Application Source Code

Code implementing a specific feature

Feature location in a slice of the code.

tion be used to e tract them from the system  an
the feature’s interfaces be located an the soft-
ware’s architecture be recovered or validated
Finally the developed methods and tools have
to be evaluated in case studies and controlled e -
periments. The result have to be compared with
alternative methods. The integration of the feature

location and e traction into the e isting auhaus
infrastructure will ensure its usability.
e ecoer o A re at
ab e onnectors

This part of the paper describes basic ideas of a re-
covering technique capable of finding connectors in
a system’s source code. The analysis serves for pro-
gram understanding and reverse engineering pur-
poses. The connectors focused by the presented
technique connect dynamic instances of atomic
components.

1 In n

The proposed connector recovery method yields
multiple results useful for program understanding
and reverse engineering

connector’s interface is described in an ab-
stract way by trace graphs and communicating
sequential processes useful when a con-
nector’s implementation has to be replaced or
altered.

fter changes are applied the new implemen-
tation can be easily checked for consistency by



comparing the trace graphs before and after the
change syntactic check .

Il code fragments contributing to a connec-
tor instance are marked as well as overlap with
other connector instances. o changing a con-
nector’s implementation is facilitated side ef-
fects on other connections can be detected.

iscussion of global changes to the system’s ar-
chitecture are simplified since the overall sys-
tem structure is revealed.

oundaries for reuse of components are made
e plicit facilitating e ort estimation.

. nn n nn

The terms component and connector are used in dif-
ferent meanings in literature so it is necessary to
define them for this paper’s scope as follows
are locations of computation and
state. 1l application relevant state information is
stored in the system’s components and all activity
is invoked from within components. n our scope
components are instances of atomic components as
defined by omponents possess ports where
connectors can be attached.
govern control and data ow be-
tween components thus their communication. on-
nectors are either atomic connecting facilities as
routine call and shared variables or they consists of
groupings of those atomic connectors. onnectors
possess roles attachable to components’ ports.
describe how components’ ports
and connectors’ roles are attached.
haw argues that there is a need for e plicit
connector support in an architectural description

language connector is described by its
protocol its connector type its roles and its im-
plementation.

The term connector denotes a con-

nector consisting of some other connectors and com-
ponents. n connector is if it may
be used as part of an aggregated connector.

onnectors vary a lot in possible implementa-
tion strategies even when the intended semantics
considered from a high level of abstraction a sys-
tem architect normally takes are similar or even
the same.

nlike components connectors’ implementations
generally do not preserve the prominent role con-
nectors play in a system’s architecture because
connector types tend to get intertwined into code.

o connectors e pose themselves not directly al-
though there are attempts made to make connectors
e plicit. nlegacy code we typically find connectors
implicitly coded.

. nn

ystems implemented in conventional programming

languages use at least routine call parameter pass-
ing and variable access as means of connection
which form an assembly language of connection

ggregating routine calls shared variables al-
ready aggregated connectors and components
yields so called resem-
bling superposed connectors introduced by . The
term aggregated connector is better suited for our
notion of connectors because the superposition
mechanism used is always aggregation.

llen  researches the possibilities of describing
connectors. e uses a -like description for the
interaction of connectors and components which is
useful here too.

. n n
nn

simple e ample of an aggregated connector is
a combination of multiple function call connectors
and shared variables.
all and shared variable connectors are directly
visible in our F representation . For shared
variable connectors one has to prove that a pair of
set use relationships really e presses data ow.
evertheless these relationships are not helpful
as tool to a reengineer which possesses little knowl-
edge of a system as the F tends to be cluttered
with call set and use relationships. Therefore we
use the F only as hint where to look for connec-
tors.
n abstract data ob ect encapsulates state infor-
mation. The source code in Figure illustrates a

situation were an component of st with in-
terface and is used as con-
nector between component _ and

- _ ist is aggregated with an en-
cryption connector and . This is
revealed by data ow analysis Tracking the pa-
rameters of functions in the interfaces of st and

ncrypt reveals that the result of is passed
to the result of is passed to
The connectors get aggregated by over-

laying



Figure ample code for aggregation of ist and

ncoding connectors.
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For describing connectors and component config-
urations one may use a notation as shown in Fig-
ure similar to the one proposed in

Figure shows both a configuration for the non-
aggregated case and the aggregated case. The
traces recovered for our e ample are shown in Fig-
ure they use -activity diagram notation.

haded subsections denote which component was in
control while the calls to the interface were made.
The ncryption ist trace shows the aggregated
protocol. orts and roles in Figure contain the
respective parts of the traces e.g. in Figure a
the lower port of contains the part of n-
crypt’s trace.

. n n

s we have seen in the introduction architectural
interconnection is a vital information to the main-
tenance engineer and reengineer. Today there are
no automated techniques providing information be-
yond components and high level connectors like
pipes.

ork on connector recovery aims at facilitating
the daily work of maintenance programmers and
reengineering analysts or anyone else who has to
understand an implementation and or apply modi-
fications.
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