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Correctness of Software
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Software Testing
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Limitations
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Alternative: Software by 
Construction
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Continuous Testing (1)
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Continuous Testing (2)
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Automated Testing
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Test-driven Development
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Unit Testing
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Integration Testing
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How to Use Test-driven 
Development
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Creating Tests
� F������������������
����������!��1�&$������2

����)�"!����&���&�G�����!����������&�����%������

� ������!���� 

� .������������
����������� ���"������

� ����	��
���
�
����!�������

� �������
���"��6������������������
�����	�����������

� �!���
�������
!������&�����%��!����&�

� ��&���&�����%%�
����������������%��
��������#��!���"�#

� ������
��������"��6����"!����$������%��!���#���&�
	������������������

� �!�����������%��������
����&�����$$������������������
��$����������$��



������������ 	
����� 
8

Unit Testing Details
� �������������%���%���5�����#�
������)������
��000

� ����
����
��#�	�!��
�������!����������������

� ���� 	���������������,$�
����

� 
������������� 	�������������
�&$�����$��$���#�

H�����!����!�����������%%����
�����"����%������
���������I



������������ 	
����� 
C

JUnit
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JUnit (2)
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Example: Math Class

Math

min(int, int): int
add(int, int): int
sqrt(real): real

MathTest

testMin():void
testAdd():void
testSqrt():void

<<tests>>
Test case

Class 
under test

void testSqrt() {
Math m = new Math()
assertEquals(3, m.sqrt(9));
assertEquals(1, m.sqrt(1));
try {
m.sqrt(-1);
fail();

} catch (IllegalArgumentException e) {
assertEquals(“No negatives!”, 
e.getMessage());

}
}
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JUnit (3)

test case

test suite

individual 
tests

test with error

failure trace
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Quality Control
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New developer workflow:
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Implementing Unit Tests
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void testSqrt() {
Math m = new Math()
assertEquals(3, m.sqrt(9));
assertEquals(1, m.sqrt(1));
try {
m.sqrt(-1);
fail();

} catch (IllegalArgumentException e) {
assertEquals(“No negatives!”, 
e.getMessage());

}
}

test that should 
work and return 

the value 
expected

test that should 
work and return 

the value 
expected

if execution ever comes 
here, the test will fail

make sure we 
get an error and 
the message is 

right.
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Implementing Unit Tests (2)
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Common JUnit Methods
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Coverage: Path-Completeness
� >�"����#���&�6������)��!��
�������$��$���#�
������L

� 4��!�
�&$��������

� ����#�����
!��%�
�������
��������#�������

� ��"�����!���$��!�
�&$����������������������������

�&$����������I

int median(int x, int y, int z) {
return z;

}

void testMedian() {
...
assertEquals(2, o.median(4, 1, 2));

}



������������ 	
����� �8

Coverage: Data Partitioning
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Mock-Ups
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Need for Debugging
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Debugging Tools
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Problem: Symptom and Cause
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Debugging Concepts
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Breakpoints
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Step Execution
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Watches
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Hot Code Replacement
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Screenshot
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Motivation
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Naive Approach
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x = algorithm.calculateResult();
System.out.println(“x = “ + String.valueOf(x));
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Logging Libraries
� ��$$�#���$!����
�����&�����%����������

� ���3J��������%���J���0���������"��6���6���!�� 

class MyClass {
private Logger LOG = Logger.getLogger(MyClass.class);
public void method1() {
...
x = algorithm.calculateResult();
LOG.debug(“x = “ + String.valueOf(x));

}
}

level of message: 
debug
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Log4J
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%���)�M���%���)�000�

<log4j:configuration xmlns:log4j="http://jakarta.apache.org/log4j/">

<appender name="console" class="org.apache.log4j.ConsoleAppender">

<layout class="org.apache.log4j.PatternLayout">

<param name="ConversionPattern" value="%d{DATE} [%t] %-5p (%F [%M]:%L) - %m\n"/>

</layout>

</appender>

...
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Example File
...

<category name="de.tuhh.gkns.client" additivity="false">

<priority value="debug"/>

<appender-ref ref="console"/>

</category>

<category name="org.exist.xmldb" additivity="false">

<priority value="warn"/>

<appender-ref ref="console"/>

</category>

<root>

<priority value="error"/>

<appender-ref ref="console"/>

</root>

</log4j:configuration>
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Logging
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Profilers
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Profilers (2)
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Screenshot of a Profiler
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Extensions of Profilers
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Thread Monitoring
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Load Testing Tools
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Load Test
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JMeter
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