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1. Introduction

Unlike traditional systems, many components of
component-based software are maintained by third-party
providers and the maintenance is invisible to component
users. Even though the modified components may still keep
the same interfaces, internal changes may adversely affect
systems that use the components. Regression testing of the
existing systems that integrate with modified components
must be done carefully despite the fact that the component
users do not have access to the source.

In a previous paper, we presented a method to model
changes to components and then derive regression tests
based on those changes [5]. This fast abstract presents re-
sults from an empirical evaluation of that regression testing
technique. The changes are modeled by using the Unified
Modeling Language (UML). We first establish a UML-
based infrastructure to model different types of changes.
Then regression-testing strategies are developed to try to
validate these changes. This experimental evaluation ap-
plies the change modeling technique to a small system. The
changes were modeled by UML collaboration diagrams and
state charts, tests were generated based on several criteria,
faults were inserted into (a changed version of) the imple-
mentation, and the tests were evaluated by their ability to
detect the faults.

2. Background

This fast abstract takes a generic and simple view of
components as independent pieces of software.Interfaces
represent access points to components through which a
client component can request services declared in the in-
terface and provided by another component. We define an
eventto be an invocation of one interface through another
interface. A component may be a server or a client, and
some components may act in both roles.

Collaboration diagrams and state charts can be used to
describe key aspects of the internal structures of compo-
nents. Collaboration diagrams represent interactions among
different objects in a component and state charts character-
ize internal behaviors of objects in a component.

Tests derived from the UML diagrams are then run on
the implementation. Our testing uses test criteria defined in
Ammann and Offutt [1, 2]. The criteria are based on de-
cisions, which are defined using boolean-valued predicates
comprised of one or more boolean-valued clauses. The
Combinational Coverage Criterion(CoC) requires each
predicate to be evaluated with all possible truth assignments
for the constituent clauses. TheCorrelated Active Coverage
Criterion (CACC) tests individual clauses. CACC is equiv-
alent to the “masking” form of Multiple Condition Deci-
sion Coverage (MCDC), which the FAA requires for safety-
critical parts of aeronautics software [4]. TheEdge Cov-
erage Criterion(EC) requires each edge to be taken (each
predicate is both true and false), and thePath Coverage Cri-
terion (PC) criterion requires all paths.

Software maintenance activities are classified as correc-
tive, perfective and adaptive maintenance [3]. We con-
sider corrective maintenance to require modifications to in-
dividual component classes, but not the overall structure of
the component. Perfective and adaptive maintenance may
change the internal structures of the components, but not
the interfaces. The modifications to the UML diagrams de-
termine which regression testing strategy to apply [5].

3. Empirical Evaluation

We performed an empirical evaluation of the technique
on a small system for dispensing coffee.CoffeeMa-
chine.java has 12 classes that implements the state
chart shown in Figure 1. Changes to the UML diagrams
were reflected in the implementation.
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Figure 1. State chart of coffee dispensing machine system

Table 1. Faults found by each test set.
Source Criteria Tests Faults Faults %

Found Found
State chart CoC 26 27 21 77.78%
State chart CACC 17 27 21 77.78%
State chart EC 7 27 15 55.56%

Collaboration PC 20 27 19 70.37%
Collaboration EC 7 27 13 48.15%

Existing tests were augmented with new tests. To avoid
potential bias, the tasks were strictly divided with different
persons creating the diagrams and implementation, generat-
ing faults, and generating tests.

The experiment assumed that the component providers
carried out acceptable unit testing, a test set already exists
from previous integration testing, and all modifications are
correctly depicted on the UML diagrams.

4. Results and Analysis

Table 1 shows that CoC, CACC, and EC were applied to
state charts and PC and EC were applied to collaboration
diagrams. In general, the tests from the state charts found
more faults than those from the collaboration diagram.

The same six faults weremissed by both CoC and
CACC, and these faults were not found by any of the other
test sets. Four of these six faults are related to specific im-

plementation decisions, so are unlikely to be found with
design-based testing. The other two are more interesting.
They are both the result of a variable that is left with an in-
correct value after a transaction is completed. Thus, they
could only be found by a test that includes two complete
separate transactions carried out sequentially, a scenario
that is not required by any of the logic-based test criteria.
However, these faults could be found by a data flow crite-
rion that caused the final def in the first transaction to be
used in a second transaction.
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