SC207 Software Engineering

Term Paper 2002: My Best view of a Topic in Software Engineering

Reliable Objects: Lightweight Testing for OO Languages

Daniel Deveaux

Valoria, University of Bretagne Sud

daniel.deveaux@univ-ubs.fr

Jean-Marc Jézéquel

Irisa, University of Rennes

       jezequel@irisa.fr

Yves Le Traon

Irisa, University of Rennes

yletraon@irisa.fr

Written by Khendy Rahardja, Group S3

Abstract

In this article, the authors propose to make self-testing software components. The idea of self-testing can help to lower cost of production. Besides that, a version of selective mutation technique has also been introduced to test the quality of tests, so components can be assessed of their qualities. With this, software developer can then estimate certain component’s trustability.

1 Introduction

In the competitive world of software engineering, it is important to produce high-quality and cost-efficient products. This can be achieved by making low-cost and low-overhead methods. Testing has always been one of the most important aspects in software development process because it can greatly affect a product’s cost and reliability. Therefore, the authors have come up with the idea of making software components self-testable. Software developers can implement these without needing to have sophisticated and costly tools. The basic idea here is to embed tests into components, thus making them self-testable.

A component’s reliability must also be established, so we need to have an estimate of the test sequence. To do this, a version of selective mutation testing analysis is used. This testing has also been adapted to Object-Oriented languages. Software developer can then have an estimate of component trustability and can have trade-off between quality and time or budget constraints. In this article, the authors have outlined the Java implementation of this methodology.

2 Self-testable classes

Testing has always been connected to the specifications of the code because we need to know the expected outcome before we can start any testing process. Software contracts prompt developers to specify conditions that may go wrong and to assign each condition’s enforcement to either routine caller or the routine implementation.

Tightly coupled classes must be considered as a basic unit component because an organic link between a component’s specification, test set and current implementation is very important. After all the embedded tests are satisfied we can then estimate test quality using those three qualities. If necessary quality level has not been reached, test sequence is enhanced to make sure the self-testable component can test itself with guaranteed level of quality. 

2.1 Design by contract in Java

Java does not directly support design-by-contract approach, so contract watchdogs, trace and assertion mechanisms need to implemented by the use of Java exception mechanism. However, Java’s single inheritance prohibits specialization of non-instrumented classes. Contract calls are also located inside methods, thus they will be forgotten if a method is redefined in a subclass.

2.2 How to make self-testable classes

Firstly, we need to define the invariants as well as pre- and post-conditions of each method. Check() and Trace() instructions are also added to help in debugging.  Java classes are then made to implement a Self-Testable interface which would define some needed test methods. After that, a main() function is then appended to enable the self-testable class to run as a standalone program. These test methods are designed in such a way as to make sure that the implementations will correspond to the specifications, so a self-test need to be added to every method in a class. In addition, there should also be a counting of the number of method calls during the test.  

When all these has been done, test execution becomes very easy as we just need to run the class. This will automatically execute the validation tests and produces a test report, which will be useful in test debugging and code verification purposes. 

2.3 Inheritance and abstract classes

Inheritance allows contracts to be inherited from other classes. However, sometimes, the contracts need to be redefined, for example when some pre-conditions need to be weakened or a post-condition needs to be strengthened.

Abstract classes usually do not have any constructor or main() function, hence they cannot be self-testable. However, they have testing methods which will be inherited by subclasses. Since we know how some methods are going to be used, these testing methods can be written.  It will then become easy to reuse testing units where inheritance is used widely, because parent method can be called in.  

3 Estimating test quality

In usual cases, programmers will produce their own test cases as they make progress in development of codes because this gives them immediate feedback. Therefore, to build trust in such component, we need to have a quality estimate of each self-test.

3.1 Mutation testing for OO

The quality criterion chosen is the proportion of injected faults the self-test can detect. This criterion is derived from mutation testing techniques adapted for OO development which has been developed to create effective test data with significant fault-revealing power. 

The technique involved is to create a set of faulty versions or mutants of a program in order to form a test set that can distinguish the program from all its mutants. A mutant is considered as one if it produces different output from the original program for different input data. Every test set will receive a mutation score that acts as a measure of its effectiveness in terms of percentage of revealed nonequivalent mutants and also a measure of how well the software has been tested. This can then act as a reliability assessment for a tested software. 

Selective mutation considers faults from syntactic and semantic points of view. It reduces the computational expense of mutation by limiting the number of mutation operators applied. During test selection process, a mutant is considered killed when a test case can detect the faults injected into the mutant. Otherwise, is it considered as alive.

A component test quality can be computed through the mutation score for the unit-testing test suite executed with the self-test method.  The global system’s test quality then depends on the number of components actually integrated into the system. 

3.2 Test selection process

Test quality and some test constraints guide this whole process. The figure in the previous page outlines the process of generating unit test cases. Mutant generation is the first step here, followed by test enhancement process. A diagnosis stage occurs for any mutant which has survived. This will then lead to three possible actions: equivalent mutant elimination, test-case enhancement, or specification enhancement. This will enforce an organic link between component’s specification, test and implementation facets, increasing the component’s quality in the process. 

When desired test-case quality level has been reached, reduction process to delete redundant test cases need to be applied. A matrix Boolean reduction algorithm may be employed here to minimize the set size while maintaining the fault-revealing power.  

3.3 Test case generation and oracle determination

Basically, test case generation follows the following guidelines. 

1) Functionally linked methods should be tested together.

2) Some basic independent sets of methods may need to be exercised first.

3) In case of inheritance, redefined methods must be retested with specific tests.

To generate oracles, we can either write explicit test oracles for each test suite or use post-conditions as partial oracle functions. In general, post-conditions cover a larger test-data space than the explicit test oracles but not sufficient for detecting rich test results. 

4 Conclusion

For growing number of software development projects, this finding made by the authors shall provide a practical methodology. Some benefits from the approach include:

1) Writing tests is easy at unit class level.

2) Fault injection can be used to verify test quality.

3) Automating process of estimating test quality.

4) Structural system tests are easy to launch.

5) Using estimation of component trustability, developers can sacrifice reliability for resources to meet time and budget constraints.

5 Reviews of the report

Basically, this report can be considered as addressing the topic on ‘testing’ in the Software Engineering module. A testing philosophy geared towards OO development and a low-overhead test approach has been introduced to the field of Software Engineering by the authors in this article. Embedding tests into components can make self-testable classes. To estimate the quality of the test sequence, a new version of mutation techniques is also discussed in detail this article. Elaboration of both techniques is as explained earlier in the short summary of the article.

5.1 Relation of techniques to my lab project

There is a high relation of this self-testable technique to the lab project I am currently involved in. By making sure that each component are working properly, integration of the different components will be made much easier. By having a mutation testing, we can have an estimate of testing quality which have been used. 

However, I think that these should only apply to projects in which time and budget are of great concern. In my lab project, budget is not taken into consideration and time is not really much of a problem, so I feel that mutation testing does not really help much in my lab project. 

Author(s)
Year
Article
Some Description
How does it relate to the main article

Y.Le Traon, D. Deveaux, and J.-M. Jezequel
1999
Self-Testable Components: From Pragmatic Tests to a Design-for-Testability Methodology.
Describes a framework for building trust into components.
Relates to article by providing pragmatic approach for linking design and test of classes.



J. M. Bieman, S. Ghosh and R. T. Alexander,
2001
,A Technique for Mutation of Java Objects.
Developing mutation operators and supports tools.
Relates to article by giving a better understanding of how mutation testing works

5.2 Possible extensions on the idea in the article

If asked to improve on this article, I would want to expand on this idea not just to the few computing languages as mentioned in the article by the authors. It could also be implemented in other languages. This way, more people will use it and gain benefits from the contributions which have been made in this article. 

Also, I think this idea about self-testing and mutation testing should be further developed so that it can give more emphasis on not just OO software, but also others like Function Oriented ones. This is because not every project will be OO based.

Some of the figures used in this article are very helpful in getting the readers to understand more about the idea that the authors are trying to bring across. There is almost every figure in every page, showing the effort made by the authors to get other people to understand. Some figures are an example on how self-testable classes look like when applied to simple Java classes. 

In this article, the authors provided a figure about the test selection process. However, it just contains an algorithm in words. I feel that it could have been better if drawings were used instead.  This is because it can give a more complete picture about the whole process. 
5.3 General comments

I think the idea of mutation testing is very good as it should be able to cover almost all possibility of mutations and thus, producing the best test case in the process. This way, testing quality can be improved to increase trustability of components. The explanation on how to make components self-testable is still not detailed enough. I feel that the authors should have put in more emphasis on this part. However, instead, they elaborate more on the example used to reinforce their statements. 

The results presented in this article have shown the positive effects of using self-testable classes but since not many people have really tried using them in real life, we would not know the drawbacks of this technology. Also, this idea is still quite new, so maybe people still do not have so much confidence in it. Hence, I do not think that self-test will be used by many in the near future. The authors should produce more work on their before it becomes widely known in the world of Software Engineering.
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