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Introduction Delta-oriented Model-based SPL Testing Tool Support Case Study BCS Conclusion

Software Product Lines (1/2)

1980's 2012

@ Mass customization [Dav87, Carll] of complex (software) systems

o Software Product Lines
[...] explicit specification of commonality and variability
between variants in a family of similar [software] products by
means of features [PBL05].
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Introduction Delta-oriented Model-based SPL Testing

Software Product Lines (2/2)

SPL Engineering [PBLO5] f
@ Domain engineering: design for reuse F“
@ Application engineering: design with - - - “*’WJ
3 3 0 3§

reuse o 1o
8o o E
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Introduction Delta-oriented Model-based SPL Testing Tool Support

Software Product Lines (2/2)

— )
e | e |
L ™ Deign | Ralistion Tesing

SPL Engineering [PBLO5]

Domain Engincering

@ Domain engineering: design for reuse ; ] =
@ Application engineering: design with - R - - o
3 5 4 &
reuse S
aefess — AP —

SPL Philosophy
o Features denote explicit product configuration parameters

@ Common core platform to derive product variants
@ Systematic reuse of engineering artifacts among product variants
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Testing Software Product Lines

Product-by-product testing is infeasible

@ High number of potential product
variants

@ Limited resources

@ Redundancies due to commonality/similarity
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Testing Software Product Lines

Product-by-product testing is infeasible

@ High number of potential product
variants

@ Limited resources

@ Redundancies due to commonality/similarity

Model-based testing is well-suited for testing software
product lines [cf. Olimpiew, 2008]
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Model-based Testing

Model-based testing is the automation of the design of
black-box tests [UL06].

Test Model conforms?

ks iy

IUT

01,02, ...,0
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Model-based Software Product Line Testing

i
i

—e—E=

e
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Introduction Delta-oriented Model-based SPL Testing Tool Support Case Study BCS Conclusion

Model-based Software Product Line Testing

B~
S

TMk
—) —

@ Regard commonality and variability

@ Adapt reuse principles to SPL testing (?)
o Reusable test model
o Reusable test cases
o Reusable test results
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Delta-oriented Model-based SPL Testing

Delta-oriented Test Modeling

e Adaption of delta modeling [Sch10] to state machines

@ Definition of reusable test models

Delta-oriented Test Artifact Evolution

@ Adaption of principles of regression testing
@ Incremental evolution based on changes of test models

@ Reuse of test cases and test results

[Lochau et al.: Incremental Model-based Testing of Delta-oriented Software Product Lines,
TAP 2012]

[Lity et al.: Delta-oriented Model-Based SPL Regression Testing, PLEASE 2012]
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Delta-oriented Test Modeling

Core Product
T1:el/e2

Feature
Configuration

Product

Delta 1 Add

& I ( + ) Core + Delta 1
r L +] 3 u
227061/ TG:eS/

Feature Model

Delta 2 Rem

Condition + Core +Delta 1 +
—_— - -
[ — R ] ( ) Delta 2
LSL Ti:el/e2 B2

Delta 3 Mod
Core + Delta 1 +

13 By +

B s enesed S Delta 2 + Delta 3
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Delta-oriented Test Artifact Evolution

5tmi My
tm; > 1M1

5tgi’tgi+1

tp; ‘ tPit1

6t8z”t8i+1 \

ts; > 18i41
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niversitat Lity et al. | eDeltaMBT | 10 [ ]
Institut fiir Programmierung P S

und Reaktive Systeme



Introduction Delta-oriented Model-based SPL Testing Tool Support Case Study BCS Conclusion

Tool Support

@ Crucial for efficient SPL testing
Automated test model generation
Automated test case generation
Automated test artifact evolution
Automated test case execution

@ Using existing (well-established) frameworks/tools
Eclipse Modeling Framework

EMF Validation Framework

Eclipse/RCP extendable

IBM Rational Rhapsody (Eclipse Plug-in)

Technische
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Tool Chain

eDeltaMBT

Rhapsody
G ced (0

Export
Test Cases

Import
Test Models
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eDeltaMBT - GUI

3 Navigator| EERE]™ £ B ™ 8 vMDet =
& EclpseTestingDay 4 & platformi/resource/EcipseTestingDay VMFM festuremodel
0 VMConfig configmanzgement 4 [P Feature Model VMFM
A VMDelta deltastatemachine 4 Festure VendingMachine
0 VMFM featuremodel 4\ Feature Beverage

A Feature Coffee
A Feature Tea
4\ Feature Currency
A Feature Euro
A Feature USDeollr
A\ Festure Sugar

5 Properties | T Problems %~ =0

" Feature Model: VMFM

Model

~ Properties
Name VMFM

Belong to SPL:  VendingMachine

Universitat Lity et al. | eDeltaMBT | 13 [ ]

Braunschweig

Institut fiir Programmierung
und Reaktive Systeme
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Example — Feature Model

VendingMachine

TNCTYN A A"_‘f‘i’“ﬁi’_’

exclude
Mandatory Optional jternative

[A. Fantechi and S. Gnesi. Formal modeling for product families engineering. In SPLC,
pages 193-202, Sept. 2008]
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eDeltaMBT — Feature Modeling

ot e sieried VoA B R P e

File Edit Featuremodel Editor Window

£ Mavigator B % ¥ = 0|4 YMFMfesturemadel £ | 4! VMConfig.configmanagement L&) VMDelta.deltastatemachine
(> EclipseTestingDay 4 @ platform:/fresource/EclipseTestingDay/VMFM featuremodel
3 YMConfig.configmanagement | Feature Model VMFM
A VMDelta.deltastatemachine 4 H Feature VendingMachine
FM VMFM featuremodel 4 /\ Feature Beverage

A, Feature Coffee
A, Feature Tea
4 [\ Feature Currency
A Feature Euro
A\ Feature USDollar
/N Feature Sugar
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Example — Configurations

VendingMachine

Feature Configuration Core
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Example — Configurations

VendingMachine

Feature Configuration Core

Vi,

Tool Support Case Study BCS Conclusion

VendingMachine

Feature Configuration P1
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Example — Configurations

VendingMachine

VendingMachine

Feature Configuration Core Feature Configuration P1

Configurations

o 8 features combinable to 6 possible product variants
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eDeltaMBT — Configuration Management

File Edit Configmanagement Editor Window

[ Navigator B % < < 0| @ vwm & UMConfig. £3| @ VMDelt:
& EclipseTestingDay 4 [§) platform:/resource/EclipseTestingDay/VMConfig.configmanagement
[ VMConfig.configmanagement 4 4 Configuration Repository VMConfig
A VMDelta.deltastatemachine 4 Configuration Core
P VMFM featuremodel 4 Configuration P1

<+ Configuration P2
4 Configuration P3
<4 Configuration P4
<4 Configuration PS
» @ /EclipseTestingDay/VMFM featuremodel

[ properties| [ Problems

4 Configuration: Core
Model < properties
Name: Core

Features

< Feature VendingMachine
4 Feature Coffee

4 Feature Beverage

< Feature Eure

4 Feature Currency

< Feature Sugar

2,

.« Technische
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eDeltaMBT — Configuration Management

Define a Feature Ci

Configuration Name: P2

Possible Features: Configuration:

Name  Type Parent Name Type Parent

Coffee  Or Beverage VendingMachine Mandatory

Sugar  Mandatory VendingMachine Tea or Beverage
UsDollar Alternative  Currency Beverage Mandatory VendingMachine
| Euro Alternative  Currency | Currency Mandatory ~VendingMachine

Create
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Case Study BCS

eDeltaMBT — Configuration Management

Define a Feature Ci

Conclusion

Configuration Name: P2

Possible Features: Configuration:
Name  Type Parent Name
Coffee Or Beverage VendingMachine
Sugar Mandatory VendingMachine Tea
Beverage
Currency
Euro

Type
Mandatory
or

Mandatory
Mandatory
Altemative

Parent

Beverage
VendingMachine
VendingMachine
Currency

Create

Technische
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Example — Delta Repository

t1: coin_euro/
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Example — Delta Repository

t1: coin_euro/

DeltaAddTea

1 s2 1 1 s3
\, \,

N S—
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Example — Delta Repository

t1: coin_euro/

10: cup_taken/ lt1: coin_euro/

t2: sugar/

t11: tea/

Technische
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eDeltaMBT — Delta Repository

DeltaMBT - Delta-oriented
File Edit Deltastatemachine Editor Window
2 Navigator 8%~ -0|R & VMConi ) 5
& EclpseTestingDay. ®
MConfig.configmanagement 4 4 Delta Repository VMDelta
A VMDela delastatemachine 4 4 State Machine Core
4 VMFM featuremodel 4 4 BimRoot
+ Sutesd
4 Statesl
+ Sutex2
& Sutess
+ Sttest
+ Sutess
+ Statess
+ Sutes?
+ Stutest
4 Transiton tl.
4 Tanstion2
4 Transition
4 Transition 4
+ Transition 5
4 Transition t6
4 Transition 7
4+ Transition
4 Transtionts
4 Transition t10
4 Delta DetaAddTea
&) /EchpseTestingDay/VMFM featuremodel

3 Properties| [ Problems

<+ Transition: t10

Model properties
Name w
Source: Sute s
Target: Sute 0
Trigger:
< Event cup_taken
Wi,
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eDeltaMBT — Delta Repository

Case Study BCS Conclusion

1: eDeltaMBT - Delta-oriented Mod:
File Edit Deltastaternachine Editor Window

[ Navigator 2 5 ¥ 7 0| 4 YMFMfesturemodel 14 VMConfig.configmanagement L& VMDelta.deltastatemachine 73

= EclipseTestingDay 4 @ platform:/resource/EclipseTestingDay/VMDelta deltastatemachine
3 VMConfig.configmanagement 4 4 Delts Repository ViMDelta
A\ VMDelta.deltastatemachine > < State Machine Core
M VMFM featuremodel 4 4 Delta DeltaAddTea
4 Tea
4 4 Add
<4 StatesB
4 States10
b <4 Transition t11
< Transition t12
< Transition t13
> |4 Transition t14
> @ JEclipseTestingDay/VMFM . featuremodel

2,
B
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Tool Support Case Study BCS

eDeltaMBT — Test Model Import

Conclusion

r M
Dot ke
Generate a Testmodel

(| @ You haveto generate a testmodel.

Choose a Configuration Repository:  platform:/resource/EclipseTestingDay/VMC

Choose a Configuration: [Pl VI Select

Choose Delta Repository: platform:/resource/EclipseTestingDay/VMD

Choose Product Core: [Core ']

Testmodel Name: P1

Delta Selection
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eDeltaMBT — Test Model Import

% Fle Edt View Code Loyout Tools Window Help
CDEE|tEML@i|¢%|sEFE X
|l m > i 2 [ocoaComponert ~ [DefatCorig J@es
lBEral Tt T

5| e x| B mosen | & weiome toanspsoay |
N

R A =R
S e [lr
+ | A T [[aons  [f -]z B = AZ®

Entire ModelView | ¥ ¥

54 VendingMachine
-C3 Components
() Object Model Diagrams
-0 Packages
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Rhapsody — Test Case Generation
o A =

Coverage Summary

Test Generation Configuration: P1
TestCase Generation Finished
Timeout: 01:00:00
00:00:04

Model Element Coverage
Total Coverage 27

State Coveraae 12

Transition Coverage 15

1 81 B — ] 14—
Hide Dtals

I

[ PTinDefaul 2727 0/0 040
- States 12412 020 0/0
=] \'! Transiions 1545 0/0 0/0

3 0in Default:P1::statechart_0 0/0 0/0
5 1in Default:P1::statechat_0 0/0 0/0
Y 10in Default:P1zstatechan 0 0/0 0/0
3 11 in Default:P1:statechat_0_0/0 0/0
' 12in Default:P1:statechart 0 0/0 0/0
Y 13in Default:P1:statechan 0 0/0 0/0
3 14in Default:P1:statechat_0 0/0 0/0
Y 2in Default:P1::statechart_ 0 0/0 0/0
3 3in Default:Pl::statechat_0 0/0 0/0

mn

3 4 in Default:P1::statechart_0_0/0 0/0 i
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Evaluation

Objectives:

@ Application of the delta-oriented SPL testing approach
o Application of delta test modeling
e Validation of tool support

o Comparison of results with an existing SPL testing approach
(MoSo-PolLiTe [OZLG11])

Technische
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Introduction Delta-oriented Model-based SPL Testing

Body Comfort System

Body Comfort
System
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Power
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Results (

] eDeltaMBT

Delta-oriented Model-based SPL Testing
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File Edit Featuremodel Editor Window.

[# Navigator
& CoseStudy
#u BCS featuremodel

3 ConfighCS.configmanagement

A DeltaBCS.deltastatemachine
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4|8 platform/resource/CaseStudy/BCS. featuremodel
4 P Feature Model BCS FM
a % Feature Body Comfort System
4 /\ Feature Human Machine Interface
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A\ Feature LED Central Locking System
A\ Feature LED Power Window
A, Feature LED Exterior Mirror
A\ Feature LED Heatable
A, Feature LED Alarm System
b\ Feature LED Finger Protection
4 /\ Feature Door System
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A\ Feature Electric
/\ Feature Heatable
4 /\ Feature Power Window
A\ Feature Manual Power Window
A\ Feature Automatic Power Window
/\ Feature Finger Protection
4 /\ Feature Security
. /\ Feature Alarm System
A\ Feature Interior Monitoring
. /\ Feature Central Locking System
A\ Feature Automatic Locking
4 /\ Feature Remote Control Key
A\ Feature Control Alarm System
/\ Feature Safety Function
A\ Feature Control Automatic Power Window

Tool Support

& CaseStudy
M BCS featuremodel
0 ConfigBCS.configmanagement
A DeltaBCS.deltastatemachine

Case Study BCS Conclusion

1] eDeltaMET
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4 Status LED

+ e

4 Add
Defta DAddStatusLEDCLS
Defta DAddStatusLEDCLSBSM

Defta DAddStatusLEDEMheatableBSM
Delta DAddStatusLEDAS

Defta DAddStatusLEDASBSM

Defta DAddStatusLEDASBSMIM

L4 4044444424404+ 460404244
E}
4
3
4
2

Defta DAJARCKSFESM

Lity et al. | eDeltaMBT | 24

Institut fiir Programmierung I
und Reaktive Systeme



Introduction Delta-oriented Model-based SPL Testing Tool Support Case Study BCS

Results (2/3

Conclusion
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Results (3/3)
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Conclusion

@ SPL testing is challenging

o Efficient test approaches are needed
e Open field in research

o Combination of model-based and regression testing
o Reuse of test artifacts
o Incremental evolution of test artifacts
@ Tool support based on well-established frameworks/tools

@ Application of testing approach and tool support had positive
results
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Future Work

Modeling with graphical editors

Automated test artifact evolution

(Semi-)Automated reasoning about test case and test result reuse
RCP extension with further research results

Tool chain extension
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