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Our problem

Generally accepted:
« Software testing is a key discipline in software engineering
« Sources for educational contents:
textbooks, recommendations from authorities (e.g. IEEE)
« Software testing without tool support not successful in practice
* Thus, students should become familiar with some of them
— but which ones?

Which kind of testing tools should
be used in educational environments
based on main issues of software testing?




Our approach

Own experiences should be included.

« Evaluate (own) typical real-world
software projects

« Main issues of our real-world software projects
determine selection of testing tools




Our solution

There is no unique (best) software testing tool:
it depends on the activity to be supported

Main idea: testing tools for different needs:
-> Regression testing
-> Selection of test cases
-> Check the completeness of test cases
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Textbooks

on general Software Engineering

Example: Sommerville, Software Engineering, 10th Edition, 2016



Educational contents in software
testing: the case of Sommerville
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Textbooks

on Software Testing
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SWEBOK:

Software Engineering Body of Knowledge
(published by IEEE/ACM)

Guide to the SWEBOK®
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SWEBOK 2014: Testing knowledge
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Chapter 4: Software Testing
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3.1. Based on the Software Engineer's
Intuition and Experience

3.2. Input Domain-Based Techniques

3.3. Code-Based Techniques

3.4. Fault-Based Techniques

3.5. Usage-Based Techniques

3.6. Model-Based Testing Techniques

3.7. Techniques Based on the Nature of the
Application

3.8. Selecting and Combining Techniques

4. Test-Related Measures

4.1. Evaluation of the Program Under Test
4.2. Evaluation of the Tests Performed

5. Test Process

5.1. Practical Considerations
5.2. Test Activities

6. Software Testing Tools

6.1. Testing Tool Support
6.2. Categories of Tools

http://www.swebok.org/




ISTQB®: Certified tester

/
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International Software
Testing Qualifications Board
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ISTQE® has created the world's most successful scheme for certifying software testers.
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A lot of material and
recommendations:
What to select?
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(Own) Real-world software projects

Practical software projects (which are safety-critical)

-> Bachelor and Master thesis with industry
(e.g. with car industry, suppliers to car industry)

-> ATEO: experiments in psychology

=> XCTL: control a device for experiments in physics

(safety-critical, long-term practical project, 2001-2014,
real customer: Institute of Physics, HU)



Real-life project XCTL
(control a device for
experiments in physics)
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Real-life project XCTL
(control a device for experiments in physics)

70.000 LOC in C/C++:

92 files with:
includes: 158
functions: 130
types: 74

classes: 198

2 g ¢

Many developers are working Find errors as early as possible:
at different parts of the system test very often (but: test takes 2 days)

X
X



Main issues of software testing in
our projects (esp. XCTL)

 How to automate regression testing,

l.e. to prove that there is no regression

after modifications of software?
* How to support the development test cases?
 How to check the completeness of test cases?



Contents

® |Introduction

® Textbooks: What are the main issues of
software testing?

® Other sources for testing issues

® Main issues and problems for testing in (our)
software projects

B e Which tools: TESTONA, ATOS, SOTA
® Summary




Main issues of software testing in
our projects

 How to automate regression testing,

l.e. to prove that there is no regression

after modifications of software?
* How to support the development test cases?
 How to check the completeness of test cases?

- Each issue should be supported by a testing tool



Real-life project XCTL: three testing tools

Testing tools for different needs:

TESTONA:
Find all necessary test cases

70.000 LOC in C/C++:

92 files with:
includes: 158
functions: 130
types: 74

classes: 198

SOTA:
Check the quality of test cases:
measure coverage degrees

ATOS:

Automatic regression testing
(repeat the test after modification)

Many developers are working Find errors as early as possible:
at different parts of the system test very often (but: test takes 2 days)



Main issues of software testing in
our projects

» * How to automate regression testing,
l.e. to prove that there is no regression
after modifications of software?
* How to support the development test cases?
 How to check the completeness of test cases?



Problem: systematic testing after each
program modification

70.000 LOC in C/C++:

92 files with:
includes: 158

functions: 130 Regression testing:
types: 74 - Testing that after modifications

classes: 198 there are no new errors included
(no step backward = no regression
- The same test cases before and
after modifications

- Tool support:
Automatic run and documentation

Many developers are working Instead of manual testing 2 days:
at different parts of the system now only 1 hour




GUIl-oriented automatic regression testing:
sequence of test activities
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Test sequence:

Start the system

Open window ‘Manuelle
Justage'

Initial state:

of dialogue box;
source: .ini-File

C DActivities on the dialogue box

- Combo box: select motor
(Beugung Fein)
- Radio button: Direktbetrieb
- Edit box: Sollpgsition: -110,00
- Edit box: Geschwindigkeit-2 0
- Button: Start

Close dialogue box ‘Manuelle
Justage

Stop the system XCTL

Manual input into the GUI:

Time-consuming, error-prone

- If you repeat it again and again

1|




GUIl-oriented automatic regression testing:
Capture and replay tool ATOS for GUI systems

Test sequence:
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Main issues of software testing in
our projects

 How to automate regression testing,
l.e. to prove that there is no regression
after modifications of software?
» * How to support the development of test cases?
 How to check the completeness of test cases?



TESTONA:
Classification Tree Method

Developed by Daimler-Chrysler:
* Originally: Embedded into a test system for car industry
http://www.testona.net/en/index.htmi

 Widely propagated usage:
Airbus, Mercedes, BMW, Audi etc.

* Free academic version




Classification Tree Method

Basic principle:
Classification of

— input data space

)




Driving assistant:
Determine the distance between objects

Exemplary test object: computer-vision system, distance to
the preceding vehicle determined

Autonomous

car driving

<E> Dlstance Color Shape Distance
: small large 8-,

Source of case-study: Wegener, DaimlerChrysler




TESTONA

Editions
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Main issues of software testing in
our projects

 How to automate regression testing,
l.e. to prove that there is no regression
after modifications of software?
* How to support the development test cases?
»  How to check the completeness of test cases?




SOTA ...

- Delivers coverage degrees

for a given test data set and a program
(based on structure-oriented testing / white box testing)

- Visualization of coverage

-2 Quality of test data assessed

Author: Ronny TreyfRe, Diploma thesis, HU



SOTA: coverage degrees for nine criteria
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FEEC: Function-Input-Output-coverage

CO0: Statement coverage

C1: Branch coverage

C2: Simple condition coverage

MMDC: Minimal multiple conditions coverage

MCDC: Modified Condition Decision Coverage
C3: Multiple conditions coverage

MBI: Modfied Boundary-Interior path coverage
Bl: Boundary-Interior-Path Test




Control-flow graph and coverage visualization
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Conclusion

There is no unique (best) software testing tool:
it depends on the activity to be supported

Selection of three different kinds of testing tools

for different purposes:

- ATOS/ATOSj *) : Regression testing for GUI software

- TESTONA +): Systematic selection of test cases

- SOTA™): Check the completeness of test cases
with respect to different criteria of structure-oriented testing
(white box testing, e.g. branch coverage)

*) own development
+) industry product (Daimler, free academic version)

=> Students worked with three different tools in practical assignments




Own free software tools

=IETT
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Prof. Dr. K. Bothe

Overview

Software Engineering Group
Testing Tools: SOTA

SOTA

SOTA is a tool for static program analysis and structure-oriented program testing. The
static program analysis provides several software metrics such as cyclomatic or essential
complexity as well as the control flow graph of each method. Moreover it provides several
code coverage measures like CO0,C1,C2,C3, MMCC and MCDC. These measures are
determined by instrumenting of the original source code and the logging of the control and
data flow during the test execution. SOTA provides multiple ways of usage: the manual
program test, in conjunction with other external test systems (such as ATOSj) or even
integrated in an automatic test system.

ATOSj

ATOS] is a tool for the development and execution of automated regression tests of
Graphic User Interfaces (GUIs) of Java applications, whose GUIs have been developed
using the swing or the SWT framework. ATOS] provides a graphical user interface for the
creation, (automatic) executicn and evaluation of HTS test sequences. The test sequences
can be created and executed using the capture-and-replay-technigue. ATOS] provides also
support for editing captured test sequences or for creating them from scratch. Moreover
ATOS] also supports the export of the test results as PDF reports.

https://wwwZ2.informatik.hu-berlin.de/~wwwcompsoft/lehre/TestTools/
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