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The TU Delft 
Software Engineering Research Group 

Education 

ÅProgramming,  
software engineering 

ÅMSc, BSc projects 

Research 

ÅSoftware architecture 

ÅSoftware testing 

ÅRepository mining 

ÅCollaboration 

ÅServices 

ÅModel-driven engineering 

ÅEnd-user programming 
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http://swerl.tudelft.nl/bin/view/Main/SoftwareEngineeringResearchGroup
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Software Testing 

 

ÅAn activity to 
assess the quality 
of a system 

 

ÅUsing simple 
scenarios that can 
be understood 
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ÅEach test case is an 
executable example 
of system behavior 

 

ÅEach example can 
help in stakeholder 
communication  

 

ÅThroughout the full 
development cycle 
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The Set of Examples is Incomplete 

ÅToo much data 

ÅToo many combinations 

ÅToo many paths 

 

 

ÅProperties of interest 
fundamentally 
undecidable 
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Testing can be Manual or Automatic 

Manual Testing 

ÅClever test case design 

Å Interaction with system 
inspiration for new tests 

ÅHuman oracle 

ÅSingle test case  
execution 

ÅLimited data 

Automated Testing 

ÅClever test case design 

ÅSpecs, models, & code used 
to derive test cases 

ÅAutomated oracle needed 

ÅTest execution easily 
repeatable 

ÅMassive input data possible 
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Clearly, we need both 



Manual Testing: 
Exploratory Software Testing 

ÅHuman tester,  
ïusing brain, fingers, & wit  

ïto create scenarios that  

ïwill cause software either to fail or to fulfill its 
mission. 

 

ÅTake advantage of human cleverness 
ïNo scripts: Exploratory Testing 

ïRecord test findings as you go 
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Testing is about Varying Things:  
Input, State, Paths, Data, Environment 

Input: 

ÅAtomic versus abstract 

ÅInput combinations 

ÅOrder of inputs 

ÅLegal versus illegal 

ÅInput filters & checks 

ÅNormal versus special 

ÅDefault / user supplied 

State 

ÅHistory of stimuli 

Paths 

ÅRoutes through system 

Data 

ÅEvolution over months 

Environment 

ÅSimulate the real world 
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¢ƘŜ ά¢ƻǳǊέ aŜǘŀǇƘƻǊ 

Touring 

ÅGuidebook tour 

ÅMoney tour 

ÅLandmark tour 

ÅAfter hours tour 

ÅMuseum tour 

ÅRained-out tour 

ÅCouch potato tour 

ÅAntisocial tour 

Testing 

ÅUse the manual 

ÅThe money-generating features 

ÅKey features 

ÅBatch functionality 

ÅLegacy features 

ÅStart and then cancel operations 

ÅDo as little as possible (all defaults) 

ÅKnown bad inputs 

http://blogs.msdn.com/b/james_whittaker/ 
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Can we change a mosaic, 
tile by tile,  

in a team of 25+ developers 
and keep its structure? 

An evolving product 
needs automated 

testing 



Test Strategy 

ÅSystem model 
ïAbstraction of system to reason about it 

 
ÅFault model 
ïLikely faults that can be related to system model 

 
ÅTest procedure 
ïSystematic steps targeting likely faults via system model 

 
ÅAdequacy criterion 
ïMeasure to tell to what extent strategy has been applied 
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Test Adequacy 

Functional 

ÅAll use cases 

ÅAll decision paths 

ÅAll states 

ÅAll boundary values 

Å ... 

Structural 

ÅAll methods 

ÅAll statements 

ÅAll code branches 

ÅAll def-use pairs 

Å ... 

Test adequacy criterion gives rise to test obligations. 
 

Test coverage: percentage of obligations that are met. 

9.3 
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Test Week Objectives? 

ÅWrite test cases 

ÅAchieve coverage goals 

 

ÅCreate / update models 

ÅIdentify relevant test strategies 

ÅAnalyze failures to identify root cause 

ÅRethink embedding of testing in dev. cycle 

ÅRethink design to improve testability 
16 



Combinatorial Testing 

ÅWhat to do about the 
combinatorial explosion? 

17 

M. Grindal, J. Offutt, S. F. Andler.  
Combination Testing Strategies: A survey.  
Software Testing, Verification, and Reliability, 
15(2):97-133, 2005 

Tests done (2.5 bill. y)  
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Input Handling / 
Combinational Testing 
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3-Way vs 2-Way Interaction 

Ŧǳƭƭ ŎƻƳōƛΩǎΥ 
23 = 8 triangles 



Possible Pairwise Selection 

OS Server DB 

Win IIS Oracle 
Win Apache MySQL 
Linux Apache Oracle 
Win IIS MySQL 
Linux Apache MySQL 
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Pairwise Test Strategy 

ÅSystem model: feature diagram 

ÅFault model: feature interactions 

ÅProcedure: 

ïEach test case addresses N types of features 

ïEnsure all 2-way possibilities are addressed 

ïUnless impossible 

ÅAdequacy: 

ïPercentage of pairs covered. 
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Random versus Pairwise 

ÅAssume you need N test 
cases to achieve 100% 
pairwise coverage 

 

ÅHow high would 
pairwise coverage be for 
random set of N cases? 

 

ÅΧ ŀǊƻǳƴŘ фр҈Η 
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Bach & Schroeder, 2004 



Statecharts 

ÅHarel, 1987 

ÅScaleable state 
diagrams 

ÅOR & superstates 

ÅAND & concurrency 

Å(Partly) incorporated 
in UML 
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(UML) State Diagrams 

ÅState 

ÅTransition 

ÅEvent 

Å[Condition] 

Å/Response 

ÅInitial state 
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Empty 

Loaded 

Full 

pop() [n==1]   
push(x) 

pop() push(x) 
[n == max-1] 

pop() [n>1]  
push(x) 

[n < max-1] 

pop() / 
EmptyStackExc. 

push(x) / 
FullStackExc. 



State-Based Testing Strategy 

ÅSystem model: Statechart 

ÅFault model:  

ïincorrect transitions or responses 

ÅProcedure: 

ï¦ƴŦƻƭŘ ƭƻƻǇǎ ƛƴǘƻ άǘǊŀƴǎƛǘƛƻƴ ǘǊŜŜέ 

ïCover all paths from root to leaf 

ÅAdequacy: 

ïAll roundtrip-paths 
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Empty 

Loaded 

Full 

Empty2 

Loaded2 

Full2 

Empty3 

Loaded3 



Built-in Testing 

ÅDuring design, explicitly consider 
ïPreconditions 

ïPostconditions 

ïClass and other structural invariants 

 

ÅUse assertions to enforce these at run time 
ïIncrease  fault sensitivity   

        and  redundancy 

ïServe as oracle  
for (automated) testing 
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Design By Contract 

ÅContract metaphor: 

ïContract is an explicit statement of the rights and 
obligations between a client and a server 

ÅServer perspective: 

ïIf you call me and meet my precondition, I ensure 
that after returning I deliver a state in which my 
postcondition holds 

ïLŦ ƴƻǘΣ ȅƻǳΩǊŜ ƻƴ ȅƻǳǊ ƻǿƴΦ 

Bertrand Meyer, Applying "Design by Contract",  
IEEE Computer 25, 10, October 1992, pages 40-51 



Invariant: I 
{ P } M { Q } 

Base 

LƴǾŀǊƛŀƴǘΥ LΩ 
ϑ tΩ ϒ a ϑ vΩ ϒ 

Derived 

Pre, post & invariants in subclass: 

Weaker precond:           P  Č tΩ 

 άwŜǉǳƛǊŜ ƴƻ ƳƻǊŜέΥ  tΩ Ґ t ƻǊ tΩΩ 

 

Stronger postcondΥ      vΩ Č Q 

 ά9ƴǎǳǊŜ ƴƻ ƭŜǎǎέΥ      vΩ Ґ v ŀƴŘ vΩΩ 

 

{ǘǊƻƴƎŜǊ ƛƴǾŀǊƛŀƴǘΥ       LΩ Č I 

 

Inheritance as 
Subcontracting 



ΨtƻƭȅƳƻǊǇƘƛŎ {ŜǊǾŜǊΩ ¢Ŝǎǘ {ǘǊŀǘŜƎȅ 

ÅSystem model: class diagram 

ÅFault model 
ïSubtype breaks behavior 

ÅProcedure:  
ïParallel class hierarchy for testing 

ïWith specialized factory methods 

ÅAdequacy: 
ïEvery subclass tested in context of  

superclass expectations 
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Example: Persistence in JHotDraw 

ÅDrawing framework in 
Java 

ÅPlay garden for design 
patterns 

ÅEach figure / drawing 
knows how to store / 
resurrect itself 

Åwww.jhotdraw.org 
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Storable 

write(Output w);  
read(Input r);  

Figure Drawing 



StorableTest 
void tstWriteRead() 

Storable make() 
boolean equalsTo() 

FigureTest DrawingTest 

 

@Test void tstWriteRead {  

  Storable s1 = make ();  

  Storable s2 = make();  

  File f = new File(..);  

  s1.write(output(f));  

  s2.read(input(f));  

  assertTrue (  

    equalsTo (s1, s2));  

}  

Template 

Method 

template method 

primitve 

operations 

Factory Method 
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SRP: Single Responsibility 
Å One reason for change 
 
OCP: Open-Closed 
Å Implementation open 
Å Interface closed 
 
LSP: Liskov Substitution 
Å Behavioral subtyping 

 
ISP: Interface Segregation 
ÅMultiple interfaces 
 
DIP: Dependency Inversion 
Å Hollywood 

 



Contract Styles 

Tolerant  (= Defensive) 

Å{ŜǊǾŜǊ ŘƻŜǎƴΩǘ ǘǊǳǎǘ ƛǘΩǎ 
clients! 

ÅContract includes well-
defined exceptions upon 
non-standard behavior 

Å/ƭƛŜƴǘ ŎŀƴΩǘ ōǊŜŀƪ ǎŜǊǾŜǊ 

ÅExtensive server-side 
checking 

ÅUsually: duplicate checking 

Demanding (for client) 

ÅServer assumes it can trust 
it clients 

ÅLean, minimal contract 

ÅNon-standard behavior not 
in contract 

ÅContract breach leads to 
undefined response 

ÅNo duplicate checking 
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Bertrand Meyer, Applying "Design by Contract",  
IEEE Computer 25, 10, October 1992, pages 40-51 



Testing for Exceptions 

Åhƴƭȅ ƛŦ ǘƘŜȅΩǊŜ ǇŀǊǘ ƻŦ  
the contract 

ÅFault model: 

ïIncorrectly raised / thrown 

ïIncorrectly handled / caught 

ÅSystem model: exception flow 

ÅProcedure must address controllability: 

ïStub interfaces to trigger exceptional conditions 
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Design for Testability 

ÅInterfaces 

Å¢ŜƭƭΣ ŘƻƴΩǘ ŀǎƪ 

Å! άƳƻŎƪέ ƪŜŜǇǎ ǘǊŀŎƪ ƻŦ 
how it is used 

ïTest cases can set 
ȫŜȄǇŜŎǘŀǘƛƻƴǎΩ ƻƴΣ ŜΦƎΦ Ŏŀƭƭǎ 

 

ÅDependency injection 
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Mocking framework: 
http://jmock.org 



Fighting Poor Testability 

ÅάL /ŀƴΩǘ DŜǘ ¢Ƙƛǎ /ƭŀǎǎ ƛƴǘƻ 
ŀ ¢Ŝǎǘ IŀǊƴŜǎǎΦέ 

 

Åά¢Ƙƛǎ /ƭŀǎǎ Lǎ ¢ƻƻ .ƛƎ ŀƴŘ L 
5ƻƴΩǘ ²ŀƴǘ Lǘ ǘƻ DŜǘ !ƴȅ 
.ƛƎƎŜǊέ 

 

ÅάL bŜŜŘ ¢ƻ aŀƪŜ ŀ 
/ƘŀƴƎŜ ōǳǘ L 5ƻƴΩǘ Yƴƻǿ 
²Ƙŀǘ ¢Ŝǎǘǎ ¢ƻ ²ǊƛǘŜΦέ 
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Finale: 
Testing 

Research at 
TU Delft 

[ Selection ] 

38 


