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Abstract: Tools for the automatic generation of test vectors covering the model struc-
tural elements have already found their way into the industrial practice. The main
question from the point of view of test engineer and quality assurance expert is the
kind of the usage of these tools within the model-based test process to reach a maxi-
mized benefit. This paper describes different use scenarios of deployment of automatic
test vector generation on model level to increase the efficiency and improve the quality
of the test process.

1 Introduction

Coverage metrics are a measure of the effectiveness of testing; they can be used to control
test depth and test termination as well as to point out coverage holes in given test suites.
The determination of structural coverage metrics at code level (code coverage) as a part
of the test process is considered to be best practice in industrial software development and
is required by many development standards (see e.g. [8]). In contrast, structural coverage
metrics at model level (model coverage) are already being introduced into the industrial
practice [2].

Within the field of automotive control software development the users of Simulink/ State-
flow, which is widely deployed within the automotive industry to model the software of
electronic control units, have been provided with a tool for measuring structural model
coverage during testing by The Mathworks, Inc. a few years ago [10]. Also tools for the
automatic generation of test vectors covering the model structural elements have emerged
on the market of model-based CASE tools [1] [4] [9]. The tool Reactis Tester [9], which
generates test vectors from Simulink/Stateflow models, has already found its way into the
industrial practice and is used by the developers and testers of automotive control software.

A main question concerning the deployment of automatic test vector generation is the
problem of test evaluation, i.e. whether or not the tests executed with the generated test
vectors are successful (the oracle problem). In order to assess the tests one has to function-
ally interpret the automatically generated test vectors. However, this is a difficult task in
general. Therefore, the main question from the point of view of test engineer and quality



assurance expert concerning automatic test vector generation is the following one: Does
the deployment of automatic test vector generators bring any benefit to the model-based
test process? Or, more precisely: How should an automatic test vector generator be used
within the model-based test process to reach a maximized benefit? This paper describes
different use scenarios of deployment of automatic test vector generation on model level
to increase the efficiency and improve the quality of the test process.

2 Using Automatic Test Vector Generation within an Effective Test
Strategy

A test strategy is effective if the tests included by that strategy are likely to reveal bugs

in the tested object [3]. In order to increase the probability of revealing bugs a suitable
combination of individual test approaches is generally suggested as an effective test strat-
egy. A well-known effective test strategy within the conventional software development is
the combination of functional and structural test approach [7]: At the first step functional
(black-box) test cases are derived from the software requirements. During functional test
execution the code coverage, concerning a pre-defined coverage criterion, is measured.
At the second step new test cases are determined to cover the code elements, e.g. state-
ments, branches or paths, not yet covered. This effective test strategy has been adapted
for model-based testing [5]. According to it after defining functional test cases an appro-
priate model coverage criterion is determined and the model coverage is measured during
the functional test execution. At the next step new test cases are determined to cover the
model elements not yet covered. Exactly at this step an automatic test vector generator can
be used to cover the model elements not covered so far (Figure 1). This saves time and
effort needed for manual search of test vectors. Moreover, the functional success of the
generated tests, and consequently their functional interpretation, is not the main concern,
because the functional interesting tests have already been defined and executed at the first
step. The automatically generated structural test cases can be assessed as successful, if no
apparent error, e.g. overflows or deadlocks, occurs during the model test.
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Figure 1: Effective model-based test strategy



3 Using Automatic Test Vector Generation for Back-to-Back and Re-
gression Tests

Back-to-back tests establish the equivalence of different representations of the test object,
e.g. between the model and the program code generated. Regression tests ensure that
modifications made to the test object respect the required functionalities. When doing
this, the approved results from former tests serve as reference data.

In these tests the tester is aimed at a proof of (partial) equivalence between the test object
and a former approved version of it. Consequently, the test cases included in the required
test suite do not need to be individually interpreted. However, the test suite must be suffi-
ciently thorough and comprehensive to justify a claimed (partial) equivalence between the
test object and the reference object in the case of successful tests. Therefore, an automati-
cally generated test suite to cover the structural elements of the model would be a suitable
candidate for back-to-back and regression tests (Figure 2). While the thoroughness and
the depth of test is guaranteed by reaching structural coverage criteria, the effort to derive
test cases is minimized.

Evaluation of back-to-back and regression tests, namely the comparison of outputs of the
test object with the approved reference outputs, can also be automated. For an example
see [6].
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Figure 2: Using automatic test vector generation for back-to-back and regression tests



4 Using Automatic Test Vector Generation for Developer Tests

Within a bottom-up development strategy model developers would like to immediately test
the small testable modules they create. Such modules correspond to individual algorithms
or functions of the whole software to be developed. However, due to restricted time and
close delivery dates they often waive such 'developer tests’ and inevitably accept a low
quality of the developed part of software. The possible errors made on this level may then
be revealed later during module or system testing causing higher costs for their elimination.

Automatic test vector generators can assist the developers to generate test vectors for small
testable units. Since the developers are best familiar with the structure of the modules they
create, they can easily interpret the automatically generated test vectors and reliably assess
the corresponding tests.

5 Using Automatic Test Vector Generation for Functional Tests

Last but not least automatic test vector generation can also be used for functional tests
based on the requirements specification of the software. Indeed, this would only be pos-
sible if the test vector generator provides the user with a facility for modelling the test
behaviour as a model running parallel to the test object. The user of Reactis for example
is given such a possibility, called 'test objective’ [9]. Reactis then automatically generates
test vectors covering the structural elements of the test objective. Of course, in this case
the test engineer has to invest some intellectual work to implement the test objectives from
the requirements specification. However, this effort is inherent to functional testing and
cannot be eliminated at all. The next step, i.e. definition of test vectors corresponding to
the specified test objective, which is tedious if manually accomplished, is taken over by
the test vector generator and needs no effort from the test engineer.
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