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Structure of this Talk

|. Model Based Software Development

— models, roles, meanings, uses

ll. Issues in MBT/MBD

— model-based test specification MB Test # MB Test
del-b d test r Specification Generation
— model-based test generation
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— model-based test execution T T P
— model-based test evaluation Evaluation Execution

lll. Perspectives and Challenges

— pragmatic, practical and theory questions
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Model-Based Design

Modeling is as old as engineering itself

Modulus = measure; unit or gauge
according to which scale the pillars of a
temple are made

Model serves two purposes:
— reduced image of some existing thing
— antetype of something to be built

essential: reduction, purposefulness

models of software?
r
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Model-Based Software Development
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MBD and MBT

Model-based design (MBD)
— A system engineer ...
... reads the specification
... builds a system model
...refines this to more detail
... and generates an executable system

Model-based testing (MBT)
— A system tester
.. reads the specification
.. builds a test model
.. matches this to the SUT interfaces
.. and generates an executable test suite

© H. Schlingloff, EMDT 2010 Seite 6/ 34

v

|

eq
—_—

PIM PIT
' ‘
PSM — PST
' '
Code Test-

script
——

~ Fraunhofer

FIRST



Model-Based Software Testing

Implementation models vs. testing models

— system model
— user / environment model

GO gy | @9
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Use of Models in Design and Test

« Model as a means of specification,
l.e., formalizing system requirements in models

 Model as a source, i.e., generating code and test cases from
models

« Model as object matter, i.e.,

executing a test case MB Test ‘ MB Test
on a model Specification Generation

« Model as oracle, —

l.e., evaluating tests B 5 B

and assigning a -

test verdict via a model MB Test h MB Test
Evaluation Execution
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Model-Based Test Specification

M
T
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Test Specification

Req

Imp | «—

The validation triangle

Implementation

N

Test

System
unter
Test

© H. Schlingloff, EMDT 2010 Seite 10/ 34

# MB Test
Generation

o L

MB Test h MB Test
Evaluation Execution

Requirements
(Specification)

Verification

Test execution

Test generatio

Test definition

&
<«

Test evaluation

Test casesJJ
\_/—

\ 4

\

~ Fraunhofer
FIRST



Model Development

# MB Test

Generation

o L

Requirements can be given as

MB Test h MB Test
Evaluation Execution

« textual contract specification N o
S Project: E-library Open.. -
o [Novigation = = | €-lurary > Hoduies > softwareRequirementsspeciicaton |
e use case descriptions - 1N o s i
. . ] Home ) E’ :Craafa -|
 algebraic or logical formula -9 s e Erneren] ) o supes
4> MasterTestPlan Title / Description
4 SoftwareReguiremer r
. @1 Introduction
 class descriptions ¢ Srsenes
with pre- and postconditions Pl 2 Product Features
Task
° U M L State d Iag ramS l:nz:s:aquest 7] 2.1.M.ainta|n the list of the books — |
A 9 B I U EE F =& A
. . fu :::nh:: The main feature of the application is to provide an easy way to:
* timed or hybrid automata B wie S tteke
i Monitor
« Matlab/Simulink files, 7 B crets work
™ My Work Ttems
* COde / PseUdO-COde’ : :‘DQDI:I:'?EITr " Create Requirement: | on Same Lavel | S80n Laval Do""r | gAadd o
5?;:.:::;;2:5 2.2 Users should be able to searcl
[ ] 1 awaiting Review w
< E 37 iterns found (S roots)
@Polarion Software 2004-2010 Powered by Polarion® Requirements 2010, REQUIREMENTSEVAL (63 da
L~
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Requirements Modelling

Various formalisms are used for modelling

— classical formalisms

— automata, Petri nets, StateCharts, MSCs, ...

— UML, OCL

— tool-oriented / domain specific modelling languages

— Simulink, Scade, Ascet, Labview-G, (Modelica)

— logical and algebraic languages,
— e.g. TLA, ASM/ASML, CSP, ...

# MB Test
Generation

o

i

MB Test
Evaluation

h MB Test
Execution

4} The MathWorks

— programming languages used as modelling languages

— C#, VPL,
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Use Case Descriptions Generation

o T
MB Test h MB Test
. Evaluation Execution
Requirements often are
use Case_ deSCrlptlonS 2.  Typical and Critical Scenarios
(standardized natural
2.1 Brake failure while brake is closed
Iang u ag e) This scenario is part of the realization of DriveWwrp Fidon.Brake operation failure ['l]

2.1.1 Preconditions
Erake is in state closing or closed, no Alarm E_FC_ELEVATOR MECHANICAL BRAKE KE or

i _FC_ELEVATOR_MECHAMICAL ERAKE_KE1 during previous trip occurred. (Note: The casa
Natu ral language IS of an Alarm E_FC_ELEVATOR_MECHANICAL_ERAKE_KE or
. . . _FC_ELEVATOR_MECHAMICAL ERAKE_KB1 during a trip is handled in ch. 2.2)
informal, imprecise, allows
£ : 2.1.2 Basic Flow
over/under-specification, ...

Seq-Nr | Description Junction
1. FC sends error E_ FC_ELEVATOR MECHANICAL BERAKE KB
orE FC_ELEVATOR MECHANICAL BRAKE KE1 tothe Drive
componant
9 M ethodology Of 2. The FC blocks itself
. a. The Crive compaonent logs the Error "Error Brake Partial Failureg”
tran Sform | ng textu al use 4, The Drive components sets the state of the monitoring function
"MOB" in the MonitoringSupervisar to "Errar”
case d esc rl ptl ons | nto 5. The MonitoringSuparvisor logs the Status "Breakdown”
6. The MonitoringSupervisor activates the service ESLN in the
service handlar
mOdels 7. The ServiceHandler blocks the Drive interface and opens the
doar.
8. The Drive component sets the state of the monitoring function
"MOB" in the MonitoringSupervisor 1o "ReadyForRBeset”
g, END SysUC
|
%
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Formalization of Use Case Descriptions

Example Use Case “Start Record”

Actor
Basic Pati// Action
1. selects a message slot from the message

directory.

2. presses the ‘record’ button /

3. If the message slot already stores a message, it is

4. starts recording the sound from the
microphone until the user presses the ‘stop’ button,
or the memory is exhausted.

Exception

© H. Schlingloff, EMDT 2010 Seite 14/ 34
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Translation into Intermediate Format

Skep | Assigned Inkerackion |
[=] Basic Path < Basic Path

1. The use case beqins when the custom... < Costumer.selectPlaceCrderd)

2. The swstem displawvs the Place Order s... < Sysktem.displavPlaceCrderScreent)

3, The customer enters his or her name, < Costumer.enterMamel{CMame)
i Eriter ProductCodes 4 while not finished
U Se r . Se I eCtM essag eS I Ot(S | Ot) 4,a) The customer enters product cod,.. < Costumer . enterPCodelPCode)
. 4,b) The system adds the price of the ... % System,addPriceToTaokallPCode, Tokal)
U S e r . Start R eCO rd | n g () 5, The swskem displays the takal price, % Swstem,displayPriceTokal)

iIf (Slot.full())
System.deleteMessageSlot(Slot)

Exception (System.exhaustMemory() || User.stopRecording())
System.recordMessage(Slot)

\
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Use Case Validator

= Use Case Yalidator Perspective - SoundRecorder.ucrk - Eclipse Platform

B

Generation
o T

MB Test MB Test

Evaluation Execution
=10l %]

File Edit Mavigate Search Project ATL Editor  Ucwvalidator Edibor Bun Window  Help
J 7 = J o - J Q - J & J generate  impark J Lgm R * ﬁ| [ Use Case vali... i
g Sy S =y
05 Navigator &3 = 8| & soundrecorder, ucf &3 B || & action Yiew &2 cleg =0
| = E| Swskern
- recordMessagel Slotho; Inkeger)
Soundr, derz ; i
i Soun Emtr = 21/|| step I Assigned Interaction I - deleteteMessageslot{SlotMo; Integer)
____,—~] prg]elc [—|Basic Path “+ Basic Path - exhaustMemory()
%‘ mDI: " T;I 1. The user selects a ... 4 UserselectMessageslak{Slat) - User
-] ouk,um
& SoundRecorder di 2, The user presses k.., 4 User.startRecording) - startRecording)
$ SuundRecDrderluc [—| urnarned Switch 44 Slak, Full)y - gelectMessagesiob{Slotho: Integer)
: - stopRecord
@ Soundrecorder. uck =i @ If stopRecarding()
@ SoundRecarder.uml? 3. If the messa,., 4 System.deleteteMessageSlobisiot)
157 SoundRecorder3 = 4, The system starts r.., <= System.recordMessage(Slot) m =5
(O - o = 7] = = | Parameter | Tvpe | a
o= Outling 23 O || El cansole 52 . Properties il | = 3B -=0 A I
ina parameters no parameters r
[=]- ¢ Record a Mesage org.atl. eclipse, adt, editor, console Op B
[} <4 Basic Path starte Generierung des xmi .. |
-+ 1. The user selects a m|| Temporares UCY-Modell erstellt: platform:resource/SoundRec 1| | ﬂ
----- < 2. The user presses the| | Generierung fertig (. ; : =9
B1- 4 unnamed Switch platfarmiresourceiSoundRecarder’SoundR ecarderuml2  variable View i3 -
___‘} 4, The system starts re Genetierung ferig, Ausgabemodell: fresourcelSoundRecardeats Slok: Integer
',
1 | 3N | "
| |
=
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Model-Based Test Generation

s
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concr] ™ RN
Automated Test Generation... Specification

o

i

IWB1é§t ‘.
... iIs of considerable industrial interest ... Evaluation

MB Test
Execution

... has been investigated for some time now ...
... iIs often used synonymously with “model-based testing”

Main dimensions
— supported modelling language

FSM/LTS, B, Z, CSP, UML, ML/SL/SF, C#, ...
— supported coverage criteria

- All-States, All-Transitions, Modified Condition / Decision Coverage

(MCDC)
- data-flow criteria, mutation analysis
uniformity hypothesis / complete test suites
— test construction method

- guided depth-first search, transition tour algorithm, model checking,

SAT, constraint solving, theorem proving, search-based, ...

=
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Automated Test Generation Tools

Mostly from UML State Machines
More than a dozen commercial and

experimental research tools available
Comparison e.g. by mutation analysis

Coverage Criterion

Killed Mutants

state coverage

124/ 268

decision coverage

2397268

masked MC/DC

256/ 268

MDMCC

268/ 268

Bl ayte ALL

G e ELR software

Aelelogic Reactis®
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o«
ParTeG Specification

o &
MB Test h MB Test
. e s . i Evaluation Execution
Since we didn'’t like the technologies (and the prizes),
we built our own...
— http://parteg.sourceforge.net/
UML class & state transition diagrams, connected by OCL
Plugin for Eclipse, supports XML import / export
nitialze0) : : l:l:untfa_:d: Seleptur::recngnize(j AbstractSelector .
Dhl‘-:f;::iﬂﬂd ! VECDQHIIEU"‘"—#——E;i.g::?;ne_dh??rk:;e?gétrt:liggnized=false . % recognize() : boolean
endlif i | & detectitem(itemn)
<4State s “ initialize()

[recognized = falze] § zetStated)
F

evaluated
<<Stater >

A

Selectar

detecttemEventiobject : kem) ﬂetedﬂem(uhjectj

post: (m_height = (object height * 2) + 2) [recognized = true] / setStp

and [m_width = [object width + 21* 2

context: Selector:detecttemiobject © kem) IT

recognized S maxHeight ; int

<oStatars

object
recognized
<<Stgte s

s recognize() : boolean

[m_swvictth == 20 and m_width == 30]

’ wickh = 30] { setState(s) ,*, ==Calls

m_wicth = 20] / setState(s)
object is 7 "™ object is too big ftetm
tﬂgtftﬂ'??" context: Selector:setState(x : Integer) <4State s -
post: state’var = x &~ color ;int
g height : int
L~
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MB Test #

Specification
o T
MB Test h MB Test
Evaluation Execution

Team * 3 ParTeG (Version 1.3.1)
i 3
Compare With Output Selection
Replace With ¥
Test Suite Class: TestCases

Load Resource, ., ;
Event Handling Method:  handleEvent

Refresh
Show Properties Yiew

Qutput Format: JuUnit 4.3 v

Context Selection

Tesk Creation Lreate Tests
Selected StateMachine: Selected Class:
.. . . | SortingMachine v | SortingMachine v
- use in industrial projects = —
(ETCS I‘al IWay SWltC h) Coverage Criteria Selection
Control Flow-Based Criterion: | All-Transitions v
» backward search algorithm Boundary-Based Crkerion: s
with OCL constraint solving optiastion electon|WodfiedCondin Decsion Caverage (/)
Muktiple Condition Coverage
° test S u Ite q u al Ity eval u atl O n Search Path Strategy: Transmons;ro falf Modes vi Split Choice Nodes: O
. Test Goal Prioritization: |Far Elements First e Split Transition Events: [
eX p e rl m e nts Flatten State Machine: [] Split Inequations: ]

testability transformations on
models

\
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Model-Based Test Execution

sootn ¥

o . B

B
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MB Test # MB Test

Quality of Test Suites -l
MB Test
Evaluation

Test execution can be expensive
— large test suites

— resetting of SUT

— actual road testing

Solution: testing systems models

— how to find an “optimal” test suite
minimizing the testing efforts?

=» use genetic algorithm for heuristic search

\
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Evolutionary Test Generation

g .y Initial
L Population

/// |
y Replacement y —-——
vy //
/// : p

Mutation T

(/ F Fitness

Test

Evaluation Execution

Recombination ]

/
y.
; \ /
N =

\ k N ~ Termination?
//\\\— =

D -] a/@

Test case: vector of continuous signals
Test execution via Simulink
Fitness user-defined C-function

-
o, -

Conversion

Execution

Monitoring
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EvoTest Framework

E C/C++ - TriangleExample; est22.c - Eclipse SDK = |§ l‘_XJ
File Edit Source Refactor Mavigate Search Run Project EvoTest Menu ‘Window Help

Icg-Bo @@ -e-d-G |8 |3$-0-Q-|® 2~ | 406l |70l oy =T

[7 Project Explorer 82 = <E'¢> = (@ test22.c 22 = 8][ 8= o Make Targets =0
3 EE BRY o %7

a7 > eu.evotest.dagstuhl.example 2117 [https:/{spe.iti.upv.esfeve

= f;g TriangleExample

@ Statistics_checkTriangle.csv

@ Statistics_tri_type.csv

TestCases_checkTriangle1259002213562.txt

i3 TestCases_checkTriangle1259002297812.txt

; TestCases_checkTriangle1259002429437 .kxt
TestCases_tri_type1259002598828.txt

TestCases_tri_type1259002779718.txt

TestCases_tri_type1259154175703.txt

=5 E] testz2.c

H 4® tri_type(short, short, short)
8l Example.c.i

2] testezci

int tri_type (short a, short b, short c)
{
int type;
i (R
int t = a;
a=h;
b =t;

int:t =uay

type = 0; /*NOT_A TRIANGLE\Y*/
} else {

type = 1; /*SCALENE;*/

ir (HHEENE << b == ¢ {
type = 3;/*EQUILATERAL;*/

} else if (| I i
type = 2:/*ISOSCELES:*/

}

else if{a > b s DNENE

{

ﬁ printf ("unreachable");

|

[2 Prablems ['@ Tasks fE Console fD Praperties fﬁ Fitress Evaluation Chart f@“ Progress 52 %~ =0

—g az] i =

g 24 N e

e 18

08 \ S i e
4| | _)‘ Avarage Fiiness  Madmum Fitness  Minimum Fitness S
o ]
_—
=
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Model-Based Test Evaluation

sootn ¥

o . B

e
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MB Test # MB Test
Generation

The CSP-CASL Modelling Language i,

h MB Test
Execution

CSP: communicating sequential processes
— established formalism to describe concurrent systems
— ongoing research foundations; applications in industry

CASL: common algebraic specification language
— de-facto standard in algebraic specification community

— well-suited for modelling data

CSP-CASL.: combining process algebraic and algebraic specifications
— comparable: Lotos, ACP, ...

ccspec Sp = data D channel Ch process P end

|
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Refinement

One of the most widely investigated formal notions
(,opposite” of abstraction)

OMG: ,A specialized state machine is an extension of
the general state machine, in that regions, vertices, and
transitions may be added or redefined (replaced by
another state machine with at least the same entry/exit
points)”

CSP-CASL: Refinement = Reduction of nondeterminism
— Replacement of abstract data types by concrete ones

— Adding algebraic laws to restrict executions

Theorem: Refinement preserves test cases

© H. Schlingloff, EMDT 2010 Seite 28/ 34
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Enhancement

Very few systems are developed ,from scratch”
Enhancement as a first step to evolution

Sp’ is an enhancement of Sp (Sp>>Sp’) iff

the signature of Sp can be embedded into Sp’

data models of Sp‘ are consistent with Sp

traces of Sp are preserved in Sp‘, and

failures of Sp in its signature are also failures of Sp

E.g., extending a specification by additional data or
external choice leads to an enhancement

MB Test # MB Test

Specification

Generation

o

i

h MB Test
Execution

> T = Ar S
&e\ynu 100000, 5

Theorem: Enhancement preserves test results (red / yellow/ green)
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Perspectives and Challenges

e pragmatic
« practical
» theory
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Challenges for Model-Based Software Development (1)

Pragmatic questions
(making the technology “smooth™):

Requirements, formalisms
Embedded systems

 setting up testing interfaces

« setting up environment models
Eliminating “semantic variation points”
DSLs, model transformations

© H. Schlingloff, EMDT 2010 Seite 31/ 34

“Modelling maturity levels”:
Level 0: No Specification
Level 1: Textual Specification
Level 2: Text with Models
Level 3: Models with Text
Level 4: Precise Models

Level 5: Models only
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Challenges for Model-Based Software Development (2)

Practical questions:

 Parallelism > -
» multicore / distribution
« dealing with limited information
» Diagnosis / Debugging »
* monitoring / passive testing
* Quality of Testing
» when to stop
» fault detection capabilities

__../
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Challenges for Model-Based Software Development (3)

Theory guestions:

* Modelling evolution k: ) q

« product lines, concerns f'{ . *
* change, adaptability f, . g

* Modelling intent
* agents, self-organizing systems
 security modelling 7 n

|
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THANK YOU FOR YOUR ATTENTIONI!

|. Model Based Software Development

— models, roles, meanings, uses

ll. Issues in MBT/MBD

— model-based test specification MB Test # MB Test
del-b d test r Specification Generation
— model-based test generation
JEneTe T 1}
— model-based test execution T T P
— model-based test evaluation Evaluation Execution

lll. Perspectives and Challenges

— pragmatic, practical and theory questions
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