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Modellbasiertes Testen (MBT)

A Formal
I Maschinenlesbar&pezifikation

A Leichtgewichtig
I Keinmathematischer Beweusrforderlich
I HoheWahrscheinlichkeit voKorrektheit



Modellbasiertesliesten (MBT)

Nachtelle Vorteile
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MBT Probleme

A Multi-paradigmatidVlodel-BasedTesting

(Springe#Verlag 2006)
I Wolfgang Grieskamp

I http:// www.springerlink.com/content/08 7hx3160
357088u
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MBT Probleme

State Explosion Problem

ProprietareSpezifikationsspracherforderlich(anstelle einer Mainstream Sprache)

Keine Unterstltzung flr szenarienorientiertes Modellieren (nur zustandsorientiert

Keine IDE Unterstltzung

Keine Integration mit bestehenden Test Frameworks & Runnern
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Spec Explorer



Von ASMs bis Spec Explorer

A Yuri GurevichModellierung aller Algorithmem
moglich?

A Ja, wenn Zustande des Algorithmus alle
relevanten Informationen enthalten

A Kleiner Befehlssatz in allen Fallen ausreichent
Abstract State Machine (ASM)

A Yuri Gurevich, 1999 ,SequentiaAbstract State
Machines Captur&equentiaAlgorithms
I ftp:// www.eecs.umich.edu/groups/gasm/seqgthesis.pdf
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Von ASMs bis Spec Explorer

A Aktueller Zustand der S
Maschine ist die Menge der 4 (¥ \
aktuellen Werte alleNariable

i Condition T Condton e Upoatesy
A Pradikat, pruft anhand der . B oo

Variablenauf konkreten Zustar
I Updates

A Menge an Funktionen, die die\
Variablenverandern

A ErklarunghachEgon Borger

I zusammemit RobertStark
Asm BOOl@pringer\/erlag 2003)

| 0n||0n 8 !” pae53
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Von ASMs bis Spec Explorer

A Specification languag&smL(Abstract State
Machine Language)

I Yuri Gurevich, Wolfgang Grieskamp, Margus
Veanes Wolfram Schulte, LeMachmansonColin
CampbeliNikolal Tillmann

I http://asml.codeplex.com

A state spaceexploration
I Wolfgang Grieskamp & Nikolai Tillmann
| first ModelBasedesting tool,AsmLT
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Von ASMs bis Spec Explorer

A AsmLT wurde genutzt Indigo (WCF) zu testen
A Testen mit AsmiI wurde beliebter als AsmL

A Light weight AsmL al@pec#

I code contracts
I AsmL in G&yntax

A Neuer Name fiir AsmL: Spec Explorer 2004
A 2005 Teamtrennung: PEX und MBT



Von ASMs bis Spec Explorer

A Modelbased Software Testing and Analysis
with CG# (Cambridge University Press, 2008)

I Jonathan JackargusVeanes Colin Campbell,
Wolfram Schulte

I http://staff.washington.edu/jon/modelingoook/

I Opensource implementation calleNModel
http://nmodel.codeplex.com
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Spec Explore2010

A Die LOsung
| Erster Prototype 2006
I Model exploration auf der CIL (C# as input notatio
I Scripting language CORD
I Visual Studio integration

I Automatische Test suite Erzeugung fur
Microsoft.VisualStudio.TestTools.UnitTesting



Spec Explorer 2010
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# Test suite Erzeugung

6 Testen

State space Scenario
exploration slicing
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Beispiel

A File / New Project

-

MNew Project

Choose the type of modeling projects you want to work on

Recent Templates [.NEF ey - ] Sort by:
Installed Templates

"""" g ;‘C#] Test Project )
Extensibility E @ Static Spec Explorer Model

Reporting E‘%); Spec Explorer Model
Silverlight H

Create projects to model static system

) Instance-Based Spec Explorer Model

Silverlight for Windows Phone -
Create projects to model instance-based system, typically a set of components which interact

U with each other or with & third party

WCF

Worlflow

B = , 7 Guided Spec Explorer Model
Create projects following the interactive guidance provided by Spec Explorer
Mame: SpecExplorer2
Location: chusersimanuel naujokshdocumentsivisual studio 20104Prg
| <Back | [ Nex> Finis Cancel

Solution: [Create new solution
Seolution name: SpecExplorer2 ]

Add to source control

T
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Implementierung

~  [5f SpecExplorerl
b [+3] References
~ ] AccumulaterMedelPregram.cs Fehlerhaﬂ
- ﬁgﬁ;ccumulatorModeIProgram
b g accumulator : int

b é‘)nddﬁule(inﬂ  void namespace SpecExplorerl.Sample
+ % ReadAndResetRule() : int {
la'.l Config.cord f <summary
~ [ SpecExplorerl Sample fAF A dummy implementation that doesn't conform to the model (testing shouls
b [+3] References oy {,.-"summar“j,-fb
« @] Accumulator.cs public class Accumulator
~ i Accumulator "I 1
=% Add(int) : void public static veoid Add{int 1)
b =iy ReadfindReset() : int 1
9 Accumulator() 1
- @Sp&c&plﬂr&r]ﬂ'&sﬁuﬂe
» [ig References public static int ReadAndReset()
- '{thcumulatorTestSuite.cs 1
~ “% AccumulatorTestSuite return 4;
iy AccumulatorTestSuite() 1
@ Testlnitialize() : void }
i TestCleanup(] : void 1

b =% AccumulatorTestSuiteS0() : void
b S AccumulatorTestSuiteS2() @ void
b S AccumulatorTestSuiteS4 () @ void
b =4 AccumulatorT estSuiteS6() : void
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- @ SpecExplorerl
b |«3] References
= ] AccumulatorModelProgram.cs
- gghccumulatﬂrh"ludelpmgram
» Ll,o accumulator : int
5% AddRule(int) : void
b 5¥ReadAndResetRule() : int
%2 Config.cord
- @ SpecExplorerl. Sample
b |«3] References
= ] Accumulator.cs
- <%31'5'|.|::|::|.Jmulatncrr
b =g Addiint) : void
b =iy ReadAndReset() : int
9 Accumulator()
@ SpecExplorerl.TestSuite
b [«3] References
= o] AccumnulatorTestSuite.cs
~ %% AccumulaterTestSuite
‘9 AccumulatorTestSuite])
i Testlnitialize() : void
‘@ TestCleanup() : void

b= AccumulatorTestSuiteS0() @
b= AccumulatorTestSuiteS2() :
b =4 AccumulatorTestSuiteS4() :
b =g AccumulatorTestSuiteSa()

void
void
void
void

namespace SpecExplorerl

1

if
Condition
then
Updates

if
Condition
then
Updates

f <summary>

/fF An example model program.

A</ summary s

static class AccumulatorModelProgram

{

L

static int accumulator;

J <summary

fAF A rule that models the action of incrementing

J/// the accumulator by a number.

HI </ summary?

//f <param name="x">The increment to be added to the accumulator.</param:

™ [Rule(Action = "Add(x)")]

static void AddRule(int x)

1
Condition.IsTrue(x > @);
accumulator += x;

Jl/ <summary’

JA7 A rule that models the action of reading the

Jff current value of the accumulator and then setting

/// it back to zero.

J </ summary s

f// <returns:>The wvalue of the accumulator before being reset.</returns:
[Rule[Actlun = "ReadAndReset()/result™)]

static int ReadAndResetRule()

{
Condition.IsTrue{accumulator > @8);
int oldValue = accumulator;
accumulator = @;
return oldvValue;

h;
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[ SpecExplorerl
gl References
o] AccumulatorMoedelProgram.cs
“% AccumulatorModelProgram
g accumnulator: int
2% AddRule(int] : void
% ReadAndResetRule() : int
) Config.cord
[ SpecExplorer] Sample
g References
] Accumulator.cs
“¢ Accumulator
‘W Add(int) : void
“w ReadAndReset() : int
o Accumulator)
-fﬁ SpecExplorerl.TestSuite
gl References
“#] AccumulatorTestSuite.cs
“t¢ AccurmulatorTestSuite
S AccumulatorT estSuite)
‘o Testlnitialize() : void
9 TestCleanup() : void

S AccumulatorTestSuiteS0()
e AccumulatorT estSuites2()
S AccumulatorT estSuites4()
W AccumulatorT estSuite5a()

void
vioid
void
void

S This is
// Here is

// exploration to be performed.
using SpecExplorerl.Sample;

/{{ Contains actions of the model, bounds, and
config Main

1

a Spec Explorer coordination script
where you define configurations and

Config

Globale
Einstellungen

//f The two implementation actions that will be modeled and tested

action
action

switch
switch
switch
switch
switch
switch
switch

abstract static wveoid Accumulator.Add(int x);
abstract static int Accumulator.ReadAndReset();

StepBound = 128;

PathDepthBound = 128;

TestClassBase = "vz";

GeneratedTestPath = "..\\SpecExplorerl.TestSuite";
GeneratedTestNamespace = "SpecExplorerl.TestSuite™;
TestEnabled = false;

ForExploration = false;

/// This configuration provides a domain for
/// parameter in the previous one.
config ParameterCombination: Main

1

action

abstract static veoid Accumulator.Add(int x)

where x in {@..2};
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/// Constructs a machine from the model program.
/// Since the model is not finite, this machine expld
/// and exploration is stopped by a bound.

/// Switch ForExploration makes the machine appear in c
machine AccumulatorModelProgram() : Main where ForExp (::C)r1f|£]
1
:]- [ construct model program from ParameterCombination
5 Spectxplorerl where scope = "SpecExplorerl.AccumulatorModelProg
[+5] References } .
“#] AccumulatorModelProgram.cs MaSCh|enen
4% AccumulatorModelProgram //f Defines a scenario for slicing.
=¥ accumulator: int //{ When explored on its own, this machine
¥ AddRule(int] : void //{ leaves all its parameters unexpanded.
=¥ ReadAndResetRule() : int machine DoubleAddScenario() : Main where ForExpleration = true
%2 Config.cord !
(& SpecExplorerl Sample //Omitting the parenthesis for an action invocation
ldi References 2 | ffis equivalent to setting all its parameters to _ (unknown).
#] Accumulator.cs {Add{ }; Add; ReadAndReset)*
“# Accumulator 1
‘W Add(int) : void
‘@ ReadAndReset() : int //{ Selects the slice of the model program
9 Accumulator() {/ff that matches the scenaric. The model program
5 SpecExplorerl.TestSuite /// supplies all parameter and state data omitted from the scenario.
[:5] References machine 5licedAccumulatorModelProgram() : Main where ForExploration = true

] AccumulatorTestSuite.cs 3 1
I

“t# AccurmulatorTestSuite DoubleAddScenario || AccumulatorModelProgram // (synchronized) parallel compos

S AccumulatorT estSuite) 1

‘¢ Testlnitialize() : void

@ TestCleanup() : void /// Builds a machine resulting from a link coverage traversal

@ AccumulatorTestSuiteS0() : void {/ff of the sliced model program. It can be explored or saved as a
% AccumulatorTestSuiteS2() : void f/ C# test suite that can be run in a VSTS unit test project

& AccumulatorTestSuiteS4() : void /S (by pushing the Generate Test Code button in the Exploration
% AccumulatorTestSuiteS6() : void /S Manager toolbar). Most tests should fail, since the sample

/S implementation is empty.
machine AccumulatorTestSuite() : Main where ForExploration = true, TestEnabled = t

1
4 | construct test cases where strategy = "ShortTests” for SlicedAccumulatorModelP
¥ 23



Exploration Manager

A Ausflistung aller Maschienen aus Config.cord

Exploration Manager * [ X
= e [All Columns] = 2]
1) Machine(s) Selected: 1
Machine Test Enabled Description Group Project Recommended Views

AccumulatorModelProgram falsa SnecFynlnrar]

DoubleAddScenario false Explore

SlicedAccumulatorModelProgram  false Re-explore

AccumulatorTestSuite true Run On-The-Fly .

Go To Machine Definition

Properties F4

hrh W N B
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/// Constructs a machine from the model program.

f// Since the model is not finite, this machine explodes

J// and exploration is stopped by a bound.

/// Switch ForExploration makes the machine appear in Exploration Manager.
machine AccumulatorModelProgram() : Main where ForExpleoration = true

1
I construct model program from ParameterCombinaticon

where scope = "SpecExplorerl.AccumulatorModelProgram™ //The walue of the namespace switch can be a .Net n:

(575)

1

Al Aodz) call Ao L gl Addi2) Seall ReaddrdReser)

@ e

i 1)

(1)

AndRuEat T

Initial State(s): 1/1 | States: 27/83 | Steps: 66/128 | Requirements: 0/0 | Bounds: 5/5 [Step] | Errors: 0/0



/// Defines a scenario for slicing.
/// When explored on its own, this machine
/// leaves all its parameters unexpanded.

Scenario

“machine DoubleAddScenaric() : Main where ForExploration = true
1
//Omitting the parenthesis for an action invocation
2 g //is equivalent to setting all its parameters to _ (unknown).
(Add(_); Add; ReadAndReset)*
-

ReadAndReset()/

Initial State(s): 1/1 | States: 3/6 | Steps:3/6 | Requirements:0/0 | Bounds: 0/0 | Erors: 0/0
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e

Scenario

/// Selects the slice of the model program

//{ that matches the scenario. The model program

/// supplies all parameter and state data omitted from the scenario. (Sllced)
machine SlicedAccumulatorModelProgram() : Main where ForExploration = true

¥

ReadAndReset()/4

Initial State(s): 1/1 | States: 6/15 | Steps:9/18 | Requirements:0/0 | Bounds: 0/0 | Errors: 0/0
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/// Builds a machine resulting from a link cowverage traversal

/// of the sliced model program. It can be explored or saved as a o

/// C# test suite that can be run in a VSTS unit test project :
/! (by pushing the Generate Test Code button in the Exploration ES(:EEr]EirIC)
/// Manager toolbar). Most tests should fail, since the sample ' :

/// implementation is empty. (SSI'(:EE(j)

machine AccumulatorTestSuite() : Main where ForExploration = true, TestEnabled =

Initial State(s): 4/4 | States: 16/28 | Steps:12/24 | Requirements: 0/0 | Beunds: 0/0 | Errers: 0/0 28



{/ <auto-generated:

// This code was generated by a tool.

/f Runtime Version:4.8.38319.239

/

' Changes to this file may cause incorrect behavior and will be los
// the code is regenerated.

!/ </auto-generated:

ffmmmmm e

namespace SpecExplorerl.TestSuite |
using System;
using System.Collections.Generic;
using System.Text;
using System.Reflection;
using Microsoft.SpecExplorer.Runtime.Testing;
using Microsoft.VisualStudio.TestTools.UnitTesting;

[5ystem.CodeDom.Compiler.GeneratedCodeAttribute("Spec Explorer™, "3.5.3138.8")]
[Microsoft.VisualStudio.TestTools.UnitTesting. TestClassAttribute()]
public partial class AccumulatorTestSuite : VsTestClassBase {

public AccumulatorTestSuite() {
this.SetSwitch("ProceedControlTimeout™, "188"}%;
this.SetSwitch({"QuiescenceTimeout™, "38888");

¥

Test Initialization and Cleanup|

Test Starting in S@|

Test Starting in 52|

Test Starting in 54|

Test Starting in S|




#region Test Starting in S8

1nt tempd;

TestManager HElFIE"'
this.Manager.Comme
this.Manager.EndTest();

[Microsoft.VisualStudic.TestTools.UnitTesting. TestMethodAtt

public woid AccumulatorTestSuitese() {
this.Manager.BeginTest("AccumulatorTestSuites8™);
this.Manager.Comment("reaching state \'s5@\'");
this.Manager.Comment("executing step “'call Add(2)%'™);
SpecExplorerl.Sample.Accumulator.Add(2};
this.Manager.Comment("reaching state \'S1\'");
this.Manager.Comment("checking step “\'return Add\'");
this.Manager.Comment("reaching state \'S8\'");
this.Manager.Comment("executing step %'call add{2)%'");

-> SpecExplorerl.Sample.Accumulator.Add(2};
this.Manager.Comment("reaching state \'S12\'");
this.Manager.Comment("checking step % 'return Add\'")};
this.Manager.Comment("reaching state \'S16\'");

anager.Comment("executing step “'call Read&ndReset()\'™};
= SpecExplorerl. Sample ﬁ.ccumulatr Readﬁ.ndﬁeset{},

Test Results

8 73 3 | @3 | Manuel Naujoks@MANUELNAU) ~| | ®b Run ~ k4] Debug = Ul 4 | Y 2# ~ %5 3 | Group By: | [None] -

@ Testrunfailed Results: 1/4 passed; Item(s) checked: 3

Result

[ ] ¢=]i@ Passed
¥ =] @) Failed
vl =] Failed
¥l =] Failed

F

Test Mame

AccumulatorTestSuites0
AccumulatorTestSuite52
AccumulatorTestSuitesd
AccumulatorTestSuiteSs

Project Error Message

SpecExplorer]. Tes

SpecExplorer]l . Tesl expected '3, actual '4' (return of Read&ndReset, state 521)
SpecExplorer]l. Tesl expected '3, actual '4' (return of ReadAndReset, state 522)
SpecExplorer]l. Tesl expected ‘2, actual '4' (return of ReadAndReset, state 523)
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namespace SpecExplorerl.Sample

Implementierung

Korrigiert

1
[/ <summary:
fA0 A dummy implementation that doesn't con
namespace SpecExplorerl.Sample Hf </ summary>
{ public class Accumulator
f dsummary s {
: ..9:.:|:|urrl1'|15-r implementation that doesn static int sum = @:
A4 </ summary> . . X A
public class Accumulator public static woid Add(int i)
{ 1
public static void Add{int i) sum += 1ij
L ¥
}
public static int ReadAndReset() public static int ReadAndReset(}
{ 1
return 4; var oldsum = sum;
1 sum = @;
¥ return oldSum;
! }
¥
¥
Test Results

8 73 | §3 | Manuel Naujoks@MANUELNAU) ~| | %, Run ~ & Debug ~ Il 4 | (Y =

@} Test run completed Results: 4/4 passed; Item(s) checked: 0

=

| | Result Test Mame Project

[1¢=]@ Passed AccumulatorTestSuiteS0 SpecExplorer]. Test
[1¢=]@ Passed AccumulatorT estSuite52 SpecExplorer]. Test
O @@ Passed AccurmnulatorTestSuitesd SpecExplorerl. Tesi
[1¢=]@ Passed AccumulatorTestSuite56 SpecExplorerl. Test

Error M

31



UML Extensions

Szenarien als UM&equenzdiagramme

AtmSequenceDiagr....sequencediagram X

sd AtmSequenceDiagram

AtmSequenceDiagra...Perspective.seexpl X

s CECRURS N=Ri -

®

User

Atm

LogOn{userld, pin)
>

| pinvalid

Loop(1,2)

Opt

>

m

S2

ChackPin{usarld, pin)
5

TryWithdraw{accountType,amount)
>

Opt

A

S3
pinValid

S4

event LogOff_retum(

CheckBalance (userld,account... =3

&9

»
>

WryDeposit_call{accountType,amount)

pvent CheckPin_call(userld,pin)

pvent CheckPin_

GelBalance_call{accountTypa

Selected View | Default v

-~

[

Bi |.ogOn_call{userld,pin}

n._

return(pinValid)

pvent LogOn_return{pinValid)

TryWithdraw_call{accountType,amount}

nt CheckBalance_call(userld, accountType,amount)

wvent AccountNumber_call(userld, accountType)

avent AccountNumber_retumy{accour

pvent CurrentBalanc

pvent CurrentBalanct
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Einsatz bel Microsoft

A Teamseit2007in der Windows Server Division
A Development und Testing Team in Beijing
AdaAONRaz2zFTid hLISY {LISOAT

I http:// www.microsoft.com/openspecifications/en/us/
default.aspx

I ModelBasedQuality Assurance of Windows Protocol
Documentation
A 2008;Wolfgang Grieskamp, NicoKicilloE X

A http://ieeexplore.ieee.org/xpl/freeabs all.jsp?tp=a®numbe
r=4539580&isnumber=4539517?tag=1
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Einsatz bel Microsoft

A Anwendung bei GroRRprojekt
I 250Mannjahre fur Testing

Wahl des Werkzeugs fir Test suites

i Model-Based
M Traditional

Model-Based:
Nach 2,5 Jahren, Effizienzsteigerung b42%
(Anwendung durch testunerfahrenes Personal)
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Spec Explorer

Fazit
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Fazit

A Model reprasentiert Zustande der Implementierung
A State space exploratic8 NNBE A OK (O ol f €
A Szenarien definierbar

A{TSYINASY dzy R 9ELJ 2NJ (A
A Automatische Erzeugung von Testfallen fir Szenar
A Statebased Testen der Implementierung

A Testfalle mussen bei Modellanderung erzeugt wero



Fazit

A 1-SatzZusammenfasssung:

Spec Explorer dient dazu, die Zustande
eines Modells mit den Zustanden einer
Implementierung zu vergleichen.



Spec Explorer

Ende
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Links

A Spec Explorer TeaBiog
http://blogs.msdn.com/b/specexplorér

A Spec Explorer 2010 Visual Studio Power Tool
http://visualstudiogallery.msdn.microsoft.com/271d090478-4ce3956b-d9bfa4902745

A Spec Explorer 3.5 Reference

http://msdn.microsoft.com/enrus/library/ee620411.aspx

A UML Extension For Spec Explorer 2010
http://visualstudiogallery.msdn.microsoft.com/ce73daPa2+44d0-ae18600213b56520

A Using Spec Explorer for MoelBhsed Test Development
http://dotnet.sys-con.com/node/163765
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