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In engineering of safety critical systems, regulatory standards often put X
requirements on both traceable specificationbased testing, and structural
coverage on program units. Automated test generation techniques can be used
to generate inputs to cover the structural aspects of a program. However, there
is no conclusive evidence on how automated test generation compares to
manual test design, or how testing based on the program implementation
relates to specification-based testing. In this paper, we investigate
specification-based and implementation-based testing of embedded software
written in the IEC 61131-3 language, a programming standard used in many
embedded safety critical software systems. Further, we measure the efficiency
and effectiveness in terms of fault detection. For this purpose, a controlled
experiment was conducted, comparing tests created by a total of twenty three
software engineering master students. The participants worked individually on
manually designing and automatically generating tests for two IEC 61131-3
programs. Tests created by the participants in the experiment were collected
and analyzed in terms of mutation score, decision coverage, number of tests,
and testing duration. We found that, when compared to implementation-based
testing, specification-based testing yields significantly more effective tests in
terms of the number of faults detected. Specifically, specification-based tests
more effectively detect comparison and value replacement type of faults,
compared to implementation-based tests. On the other hand,
implementation-based automated test generation leads to fewer tests (up to
85% improvement) created in shorter time than the ones manually created
based on the specification.
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A Controlled Experiment in Testing of Safety-Critical Embedded Software
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2.3 Debugging
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2.4 Concurrency and Performance
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Why do Record/Replay Tests of Web Applications Break?
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2.6 Test Analysis

Test Set Diameter: Quantifying the Diversity of Sets of Test Cases
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2.7 Regression Testing

Test Case Prioritization for Compilers: A Text-Vector Based Approach
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2.8 Mutation

A Theoretical Framework for Understanding Mutation-Based Testing Methods
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2.9 Unit Testing

Atrina: Inferring Unit Oracles from GUI Test Cases
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Abstract

Unit testing is an essential practice in Extreme Programming (XP) and Test-driven Development (TDD) and used in many software lifecycle models.
Additionally, a lot of literature deals with this topic. Therefore, it can be expected that it is widely used among developers. Despite its importance, there
is no empirical study which investigates, whether unit tests are used by developers in real life projects at all. This paper presents such a study, where
we collected and analyzed data from over 70K revisions of 10 different Python projects. Based on two different definitions of unit testing, we calculated
the actual number of unit tests and compared it with the expected number (as inferred from the intentions of the developers), had a look at the mocking
behavior of developers, and at the evolution of the number of unit tests. Our main findings show, (i) that developers believe that they are developing
more unit tests than they actually do, (ii) most projects have a very small amount of unit tests, (i) developers make use of mocks, but these do not
have a significant influence on the number of unit tests, (iv) four different patterns for the evolution of the number of unit tests could be detected, and (v)
the used unit test definition has an influence on the results.
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