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100%

80%

60% - IR SE— - Diagnosis & Repair

40% - ———— —— = Testing

20% - = New Function

Development
0%
Initial 1st Product 2nd Product
Product Clone Clone

10% - ~80%
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Variants

Version / Time

vi0 v1i2 vl13 vi4 /

© pure-systems GmbH Slide



Separation of Variants and Versions

Variants
O M o o o
T = . & =
F eCe A A A A A
Sy ® © o o o o

Version / Time

vi0 vi2 v1.3 v14 v2.0 V2.2 /
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Separation of Concern

A
Variation Point == First Class Citizen

A
Explicit Variant Management
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Variation Points

Problem Space Solution Space

E-Klasse,
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Separation of Concern

Domain Engineering

Features &
Relations

Family Assets

Solution
Space —

Problem
— Space

Variant Features Variant Solution

Application Engineering
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Problem Space Solution Space
Feature Model Family Model
‘_| pure vanants

Single Problem mgle Solution
Variant Model Variant Realization
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pure::variants

Simulink _
MKS openArchitectureWare MKS Source MKS Integ”ty
Requirements Rational SW. Architect Rational Rational
. Rhapsody
Borland Caliber
be Artisan Studio ClearCase ClearQuest
RM Enterprise Architect. CVS Atlassian JIRA
Telelogic DOORS Subversion Bugzilla

Softtest
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Problem Space: Define Domain Model

Future Products

@O O
mmmmmmm———0 0 e O
O\N®_O

Scope: Product Family to be
developed as Product Line

Commonality
Domain#odel <
Variability

Anticipate
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Describing Variability Using Feature Models

U

£ DemoFeatureModel

/\

0

£ Engine Type

.//7\

U
=}

Gear Box

i

% Gasoline Engine

% Electrical Engine

% Diesel Engine

& Automatic

4 Manual

l

7

User Driving Mode Sel...

T

# Comfort Driving Mode

& Eco Driving Mode

# Sportive Driving

Legend: ! =Mandatory  ?:Optional
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Reuse: The Old Way

Product

Compose Customize

2 1
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Platform /
Core Assets

B

P

7
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Reuse: Product Lines

Select & Compose

]

»

Customize

Product

|::>-




Setting up a Product Line

Future Products

Anticipate

Scope: Product Family to be
developed as Product Line

Define Requirem Develop Platform /

& Domain Ar cture Core Assets Establish SPL
/ Processes & Practices
SPL
@ =————
@ ——
@ ——
— e
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Operating a Product Line

PIID:t\gIr?: / Develop Develop Develop
Product A Product B Product C
Core Assets A 3 C

Prod Req Prod Req Prod Req
PF Cust
Req Req

Platform Platform Platform

Legend: PL = Product Line; PF = Platform; Prod = Product; Cust = Custom;
Req = Requirement; Impl = Implementation

© pure-systems GmbH



Development with Reuse: Functional Mapping

Problem Space
4 )
Req Req Req
CA CA CA
Req Req Req
CA CA CA
- J

Requirements

f:(Req, (Req x Core Asset ) ) ===l Reusable Solution

Legend: Req = Requirement; CA = Core Asset

© pure-systems GmbH
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Reuse Items

Test Cases | Architecture
Estimates
Models
CO d > Requirements
Subsystems

Documentation
Rules
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Reuse Items

Test Cases | Architecture
Estimates
Models Code
Requirements
Subsystems

Documentation
Rules
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Reuse Items

Requirements



Scenarios (3)

Specification Approach

Derived Shared Individual

9z Gy =
Platform oF relared /5 Sh?red
ficati
relate E pecification E

Specification
Specification Product Product

PF Specification Specification
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Exercise

Describe your organization‘s approach!

- e EA—e— =
E By B E;;EI sggg WEL AT z:> ;=.
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Requirements Specification

Develop Develop
Platform / Product A
Core Assets A =
/ Platform Product
Specification Specification

Prod Req

PL Req / AN

Mapping to Platform Custom Product
Specification & Specification
Specification of Changes

——-
Legend: PL = Product Line; PF = Platform; Prod = Product; Cust = Custom;
Req = Requirement; Impl = Implementation

© pure-systems GmbH



Continuous Requirements Management

Central
Stakeholder- Requirements/ Supplementary

Specific Views Feature Database Documents

—
Project — S
Manager — =
j z
k \ ‘ ‘

Architect

0 B

r Domain Models
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Requirement Variability

Modelling Concepts in RM Tools

© pure-systems GmbH



Requirement Selection

Variant 1:

Variant 2:

R1, R3, R4

© pure-systems GmbH

R1
R2

R4
R5

R1

R3
R4

B



Requirement Selection

E '‘DemoModule’ current 0.0 in /DoorsDemo (Formal module) - DOORS - |I:I|5|

File Edit Wiew Insert Link Analysis Table Tools Discussions User Help

| D& E || s || 7 % F Frag || e =Xefelg

J Wiew IDemu_\n"ariarrts LI ”Level'l ;I J - =Y J lTﬂ = i ?EI ‘i %l
=- D_emol".ﬂodule D | El‘u’ariarrts | -
i 1 Control Unit Board = - -
2 Driving Mode Switch Rl 1 Control Unit Board Variantl, Variant2
E----SOVEI‘hEEIt Control RZ - = - Variantl
--4 Basic Software Requirements 2 Dr“"“g HO{IE SWItCh
5 Overheat Control R3 3 Overheat Control Variant2
i § Start-Stop Automatic . . . .
R4 > 4 Basic Software Requirements Variantl, Variant2
RS ' 5 Overheat Control Variantl
Ré 6 Start-Stop Automatic Variantl
&1l ﬂj
|Usemame: pv |Emdusi\re edit mode | 5

© pure-systems GmbH
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Dependency Rules

Variant 1;

R1, R2, R4, R5

Variant 2:

R1, R3, R4

Dependency

¢ Conflicts ¢ Requires

R1
R2

R4
R5

R1

R3
R4



Dependency Rules

B 'DemoModule’ current 0.0 in /DoorsDemo (Formal module) - DOORS -0 x|
File Edit View Insert Link Analysis Table Tools Discussions User Help
| H&E |[|zas || Fa@gtes || g g
| View [Demo_variartsSharedvariabl =] | [Level 1 =] || & 2 4 || P27 < B 7 £ A4
=~ D.EI'I'IDMDL'.'IJlE D E Varants -W ;I
1 Contral Unit Board 1 - Variantl
2 Driving Mode Swich 1 Control Unit Board var!a”tz'
- 3 Overheat Control arfan _
..4 Basic Software Fequirements R2 2 Dl'i\fil"lg MO-dE SWitCh Variantl SELF requires R&
i § Owerheat Cortrol . .
6 Sta t-Stop Automatic R3 3 O‘HEI'I‘IEE'It Cﬂl‘ltl‘ﬂl Variant2 SELF conflicts RS
R4 > 4 Basic Software Requirements EZ:ZE
R3 1 5 Overheat Control Variantl
R6 6 Start-Stop Automatic Variantl
4| | LILI
Usemame: pv |Exdusi\re edit mode | 2

© pure-systems GmbH




Shared / Variable Requirement Selection
/

A ||
NP

Variant 1;

Py
~

R

R2, R5, R6

A
(6]

Py,
=

Variant 2:

A
w

R3

Py,
N

Variability
Shared Variable
 Shared | Variable I
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Shared / Variable Requirement Selection

/

E 'DemoModule’ current 0.0 in fDoorsDemo (Formal module) - DOORS

File Edit View Insert Link Analysis

| & E |z== || g3 FgFted ||e -

Table Tools

=10l x|

J Wiew IDemo_VaﬁarﬂsSharedVaﬁablll ||Letre| 1

=|

(L B

=- D:emul'v'ludule 0 E Varants |vaIernentType il
i 1 Control Unit Board - -
2 Driving Mode Switch Rl 1 Control Unit Board Variantl, Variant2 | mandatory
-+ 3 Overheat Control R2 Eagh : Variantl optional
--4 Basic Software Requirements 2 Drl'\"“g MO'd'E SWItCh g
- 5 Overheat Control R3 3 Overheat Control Variant2 optional
‘- & Start-Stop Automatic . i
R4 > 4 Basic Software Requirements Variantl, Variant2 | | mandatory
RS 5 Overheat Control Variantl optional
R& 6 Sta rt-Stop Automatic Wariantl optional
]
«| | Llll
Usemame: pv |Emc:lu5ive edit mode o

© pure-systems GmbH




Variability

Shared_|

Selection Rules

If AutomaticGeachﬁ

or ElectricalEngine

“ﬁasolineEnginej

If AutomaticGearBox

© pure-systems GmbH

Variant 1:

GasolineEngine

Variant 2:

ManualGearBox
DieselEngine

A ||
NP

o) |Po)
G} [FS

Py,
=

A1 U
S )

R



Selection Rules

E '‘DemoModule’ current 0.0 in /DoorsDemo (Formal moedule) - DOORS - |I:I|5|

File Edit Wiew Insert Link Analysis Table Tools Discussions User Help

JH@E |J'E(-E__k"§|n |J g = -'—Llagxt-‘jﬁl |J Bo B 5y 5L B
J’uﬁewlDemn_VaﬁantsHestrictiuns ;I“LEVEH ;I J b _ﬁ s Jl.ﬂ_ﬂ.:; s 7 ?EI "i ‘%l

=- D:em-lotl';ﬂ;duhleu fong D | E Variants |p\rHestrictior1 ;I
ntrol Unit Boa - =& D
: Rl Variantl,
2 Diving Mode Swich 1 Control Unit Board oo
i 3 Owerheat Control : ;
__4 Basic Software Requirements R2 2 DI‘IVII"Ig HO{IE SWItCh Variantl AutomaticearBox
o b Overheat Control R3 Variant2 DieselEngine or
— 3 Overheat Control ElectricalEngine
R¢ > 4 Basic Software Requirements Variantl,
Variant2
RS 5 D‘H'EI'I‘IEEt COI"ItI'Ol Variantl GasolineEngine
RE 6 Start-Stop Automatic Variantl AutomaticGearBox
a | 2
Usemame: pv |E::du5i'u'e edit mode | v
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All Combined

If AutomaticGeachB
Variant 1:

GasolineEngine

If DieselEngine
or ElectricalEngine

If GasolineEngine | Variant 2:

If AutomaticGearBox |  RUEHLEICEETEDS
DieselEngine

Variability Dependency

Shared | R s B Requires

© pure-systems GmbH
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All Combined

B 'DemoModule’ current 0.0 in fDoorsDemo (Formal module) - DOORS -0l x|
File Edit Wiew Insert Link Analysis Table Tools Discussions User Help
| B&F |aw || @ FE@ e || Segfcg
J Wiew IDemo_UariarrtSHestrConstr ;I ||Le~.re| 1 j J - i = 3 J I'ﬂ_ﬂ 2 i ?5 "i %l
E- D:EmDMDdUIE D I E | Varants pvRestriction pvConstraint il
i1 Control Unit Board Rl = Variantl
2 Driving Mode Switch 1 Control Unit Board varant.
- 3Overheat Cortrol arian _ _
- 4 Basic Software Requirements R2 2 Driving HO{IE SWitCh Variantl AutomaticearBox SELF reguires R&
i 5 Overheat Control i . . i
. Start-Stop Automatic R3 3 Overheat Control Variant2 DleseI_Englne.nr SELF conflicts RS
ElectricalEngine
R4 > 4 Basic Software Variantl,
. Variant2
Requirements
RS 5 Overheat Control Variantl GasolineEngine
R6 6 Start-Stop Automatic Variantl
4| | LI_I
|Usemam&: pv |Emc:lusive edit mode i

© pure-systems GmbH




Requirement Variation Point Modelling

Directly in RE tool In external tool

Pro: Pro:

Variability defined with requirements el RIE IO el e

RE
Uniform variability modelling
Con:
Changed RE information model Con:
RE

Consistency Issues
Missing link to other variability models

Variability not visible in RE tool

© pure-systems GmbH



pure::variants for Requirements

© pure-systems GmbH



Best of Both — pure::variants for Requirements

Master Module(s)

Variant Module
If AutomaticGearB(ﬁ R2

Variant 1 Links:

R1, R2, R4, R5,

-0 /]

R5

R6

If DieselEngine
or ElectricalEngine
: : Variant 2 Links:
If GasolmeEnglnej R1 R3. R4 -

If AutomaticGearBox | \/

~
A 4 _

- Variant Model(s ) i el -l g

Other p::v Model(s) pure: -variants oX

GasolineEngine

R3

ST

Variant 2:

© pure-systems GmbH



pure::variants Solution — Variant Matrix

&= vVariant Management - DemoDoors/Variants/configspace.axml - Eclipse Platform

File Edit Mavigate Search Project Run  Variant Window Help

J£5- [ @D@- Q- |&|c -] 0 mor - |elRe

u.

i

=] 4

|Tn_| Variant Mana...

- f DemaoFeatureMadel, xfm ( DemaoMaodule. cofm ( Variant1l.wdm ( Variant2, wdm ([3’ Variants &3 = &) —
'a';'i—; T 1Tl e S w2 N — ;
— DemoFeatureModel F E w ' E.;E
= Engine Type F E 1 w Ed
e Electrical Engine F 1.1 K4 |
o= Gasoline Engine Fi 1.2 |
& Diesel Engine Fi o 1.3 4 ]
Gear Box S 2 v v
Manual Fl 21 [ ]
Automatic Fi & 2.2 ¥ i
=] DemaoModule
DemoModule 7+ ! L ¥
doors:requirement: Control Unit Board @ E 1 w '
doors:requirement: Basic Software Requirements @ E 2 w Ed
doorsirequirement: Coding Guide Lines @ v 2.1 ¥ R
doors:requirement: Memory Usage Limits @ E 2.2 w W
doors:requirement: Driving Mode Switch L_i} ? 3 W A
doors:reguirement: Overheat Control E_-*E ? 4 [ v
doors:requirement: Overheat Control L}E ? 5 d x|
doorsirequirement: Start-Stop Automatic L-‘} ? ] v |
=] Matrix
[ | | |2 2 & E =

© pure-systems GmbH




pure::variants Solution — Models

& Variant Management - DemoDoors/DoorsDemo /DemoModule.ccfm - Eclipse Platform

=] 4

File Edit Mawigate Search Project Run  Window Help
et o - | YR E A B

|Tn_| Variant Mana...

| i & |Q&-|&la -] -
- f DemoFeatureModel. xfm &3 Variant2.vdm 1[3’ Variants 1 * N K DemoModule,ccfm &3 = &) —
- =- E F! DemoFeatureModel . =B JemoModule _ =
?" E| E F) Engine Type E @ doors:requirement: Control Unit Board &
— : QID F) Electrical Engine =- E @ doors:requirement: Basic Software Reguirements E.;E
= QID F) Gasoline Engine E @ doors:requirement: Coding Guide Lines
EE : QID F) Diezel Engine E @ doors:requirement: Memaory Usage Limits
o =8 E F ) Gear Box =- ? @ doors:requirement: Driving Mode Switch
ﬂ Fi Manual il “Automatic”
ﬂ F ) Automatic .. 4 SELF requires "doors:requirement: Start-Stop Automatic™
=- ? @ doors:requirement: Overheat Control
<i» "Diesel Engine” or "Electrical Engine™
4 SELF conflicts "doors:requirement: Overheat Control ™
=- ? @ doors:requirement: Overheat Control
t. < "Gasoline Engine”
=- ? @ doors:requirement: Start-5top Automatic
e b TAutomatic”
Tree | [ Table | =] Detail | =5 Graph| & Constraints Tree | (5] Table | =g Graph| ) Constraints
| nje | g | 1 | |2 2 4k =

© pure-systems GmbH




pure::variants Solution — Configuration

& Variant Management - DemoDoors/Variants/Variant2.vdm - Eclipse Platform - |EI|5|

File Edit Mavigate Search Project Run  Variant Window Help

Jrﬁ'[ﬂ J@@@'E'J%'J%|BGH'J="_*)'53:"3:'* o ﬁl?_l'l.-'arianth“lana...
Jx|w@|@|‘§ @&? ﬁJJava

Y T "
?ﬁ Variant Projects &2 = B *DemoMaodule. ccfm ( ariant2.vdm &3 Py = B || < relations =g Resulq = B
2 EI*!r u ITJDemDFeamrEMDdEI - i 2 7
-1 DemoDoors =- "r s E) Engine Type =< Parent (1)
: : *IF) Engine Type

B DoorsDemo ¥l i ] % {F) Electrical Engine
: M < {@ Gasoline Engine

- B DemoModule.ccfm = Simple Constraint Language (1)

-2 yariants ‘... ] 4 {F Diesel Engine = EI@ Is Referenced By (1)

Variant L vdm EIV Y (F) Gear Box @ doors:requirement: Overheat Control
Variant2, vdm o ] e (F Manual

- [E] DemoFeatureModel.xfm Dﬂ F . Automatic

5= putline 53 Ed"'\l"lsua"z\l = O

et T
i 3 Feature Models Family Madels 4 »
Label | - ] = | | I—!\
Fr
v 1 iF)DemoFeatureModel = Properties (sﬁ. Tasks ﬂ}_l, Problems &3 = Ccnsolew e - O
I;| .
' E F Engine Type 1 error, 0 warnings, 0 others
¥ & FiGear Box Description - | R.esource | Path | Locatic
] &% (F) Manual = & Errors (1item)
Q. open alternatives are 'Electrical Enging’, 'Gasoline Engine’, 'Diesel Engine’ Variant2.vdm  DemoDoors/Varia... Electric
< | I
J 7% 8:9 9 (1) J
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Reuse Items

Architecture
Models



[ELR S ]

} state_t:

o

Stcate_t State:
int main{int argc, char[]l* argwvw)

=1
& state = INIT:
9 while (state !'= FINAL)
=l {
case INIT:
app_init () ;
state = Initialization:
break:
1 case Initialization:
16 sensor_init () ;
17 display_init () :
18 = if (InitOK = 1)} {
149 state = Read3ensors:
2 } else |
2 state = ErrorState:;
= }
break:

case ReadSensors:
read senscrs() -
state = UpdateDisplayv:

=1 if {ShutdownRequest =— 1) |

state = FINAL:

= }

break

case UpdateDisplay:
update_display () :
state = ReadSensors:
break:

case ErrorState:
log_errocrstate()
state = FINAL:
break

= }

app_ shutdown () ;

© pure-systems GmbH

Complexity Reduction

typedef snum states { INIT, FINAL, Initialization,
ReadSensor, UpdateDisplay, ErrorState

LS CEIRU I U PN Y

.~

UILIIIYSILioy

[Iv1fOK == 19128]

[IvitOK == ne]
[epnigomugedness == [ne]
EHE)




UNIFIED o

MODELING L | MATLAB

LANGUAGE ' SIMULINK



Variability in UML



Initial UML Model

stm Statel'."lau:'.hin&/

Injti;
n{lf

; Initialization /" Emorstate
| [InitOk == false]_|

[InitOk == true]

Y

,ff_ ReadSensors N . //_ UpdateDisplay

e |

| =
—

i v ~

[ShutdownRequest == trus]

]
®

Final

© pure-systems GmbH



stm Statel‘u‘lachine/

Injtial
Initialization ErrorState
[InitOk == false]

k Final

w{ ( UpdateDisplay j
Vi b
\ /

CheckValues

[INitOk == true]

ReadSensors

[ShutdownRequest == true]

b

Final

Changed Model

© pure-systems GmbH



The Result — 2 Variants

stm StateMachine /

Initialization

ErrorState
[InitOk == falsa]

Final

[INitOK == true)

UpdateDisplay

ReadSensors

N

[ShutdownRequest == true] CheckValues

Final

stm StateMachine /

© pure-systems GmbH

Initialization

ErrorState
[InitOk == false]

[InitOk == true]
ReadSensors UpdateDisplay
[ShutdownRequest == trug]
Final

Final




Unified UML Model The Result — 2 Variants

stm StateMachine/ stm StateMachine/

Initialization Initialization

ErrorState ErrorState

[INitOK == false] [INitOK == falss]

Final Final

[INitOK == true] [INitOk == trus]

UpdateDisplay

UpdateDisplay

ReadSensors ReadSensors

B

N 7

CheckValues

[ShutdownRequest == trug] [ShutdownRequest == trug]

Final Final

Variant 1 Variant 2
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Unified UML Model

stm Statel'ﬂachine/

Initialization ErrorState

[Initok == falas)]

J

Final

[INitOk == true]

ReadSensors UpdateDisplay

/if""-\-..
~

[ShutdownRequest == true] .'/— CheckValues \\

O

Final

2 Variation Points
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Linked to Variability Model

stm St,atel'ﬂachine/

In.l{ial

Ll _
I/_ Initialization ErrorState
[InitOk == falss]

o |

\\___) b

[InitOk == true] ap. v Resiriction=
{NOT (Warningsj}
i ': I
.-/ ReadSensors ™ ' - -/’ UpdateDisplay
) | .__'_,.|
\ / = .

T \ /

-— N .
|
[ShutdownReguest == true] .'/- CheckValues _‘\"

constraints |

'xi'.l‘.‘amings} _/"
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pure::variants for UML
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Variability in Simulink
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Expressing Variability in Simulink

0.03 h} o 4.5|

Signal Value / Display

Gain

Parametrization
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Expressing Variability in Simulink

0.03
Signal Value 1
—
1 <
=
Switch
Routing
0.ov
Signal Value 2

160

Signal Routing

4.5]

Display




Expressing Variability in Simulink

Enabler

=10

0]

Enabled i
Subsystem Dlsplay

Subsystems
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Expressing Variability in Simulink

sl var_sw_ref ]
Out1 > | 10.5|

J Display

Variable Model

Model Reference
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Expressing Variability in Simulink

7
H
|

All Controlled by Parameters

=]
0
=
w
-
=
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Expressing Variability in Simulink

.
Eﬂ / LowPower
_
- (A"
La
— &l
-
—
&
—

odel Merging
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Expressing Variability in Simulink

0.03

Signal Value 1

1 —*.m_.} Jl 23]

—
Switch / -
Routing Display

Gain: if (InternalAmplification)

0.07

Signal Value 2

Structural Manipulation
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Expressing Variability in Simulink
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Expressing Variability in Simulink

Using Code Generation (TargetLink):

Variable Classes
Code or Data Variants in Data Dictionary

Generated preprocessor statements

Variability in Stateflow:

Use of “variation point” inputs

Model manipulation ( pure::variants Connector for Simulink)
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pure::variants for Simulink
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| Variant Blockset

Simulink

Variant Settings

© pure-systems GmbH

Overview

pure::variants

Simulink
Interface

p::v Model

pure::variants

Variant Model




Variant Blockset

E! Simulink Library Browser
Fie Edit WView Help

O = H4a ¢4 |
VAR_Multiport Switch: Varant Simulink Multi-Paort Switch

+- T simulink -
+- W] Real-Time Workshop VAR _Chart
+- W simulink Extras

B statefiow = == |VAR_Enabled Subsystem
= ¥ variant Library
= # simulink Yariant Blocks
| Control Blocks
| variahility Mechanisms anem VAR_Logical Operator
= P3| Targetlink Variant Blocks
2| Control Blocks

VAR_I

* WAR_Merge
+-- 3| Variability Mechanisms . raneE
W dsPACE Targetlink AUTOSAR blockset
rn

+-- Ngh| dSPACE Targetlink common blockset VAR _Mode!

+-- N dSPACE Targetlink multirate blockset
E VAR_Multiport Switch
:\ WAR_Switch

WAR_Switch Case

Ready |Drag this icon into a maodel to in.
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Variant Blocks in Model

H demaoslc_var/Data Processing Module/Wind Processing u =, IDi_ﬂ

D SEH& B4 » nfo0 |[Be @

Enable
0.128 -
RPM vV ms
Gain
>50 (—
oo Strong Wind
To Constant
VAR_PAR_WIND_ WARN B
VAR_Canstant T i
VAR_BLOCK VAR_Switch
VAR_BLOCK
Ground
Ready 1100% | | VariableStepDiscrate

A4




Variant Block Properties and Variation Point Explorer

) Variant Block Properties ) =] |
— “ariation Point Selection
Name [vvaR_PRESS =

Parameter |vaR_PAR_PRESS

Parameter “alue |<an wariant set==

“ariation Lakel & YWalue

. - | -

ot 0
[ [
Carnment
—
[

Refresh WP List |
Black | Il

Open WP Explorer I

Cancel |

) Variation Point Explorer

— “ariation Point List

iR _TEMP
WaR_TEMP_PT_TYPE
R TEMP_WWARN
R _IMD

R IND AR

Refresh |

varPRESS [

Delete |

=10 |
— “ariation Point Defintion for WaAR_PRESS
Matme I\.:’AR_PHESS
Parameter [¥AR_PAR_PRESS
— “ariations
“ariation Lakel “ariation Value
| &dd | Edit
F
Off
=l =l _oe
— Cammett
I =
[l
Clear I Creste Ly | Reyvert |
— “ariation Point Configuration
alue I::na variant set== d
Apaply I Rewvert

Static Text
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pure::variants for Simulink: Model Import

" Import MATLAB/Simulink Model CIEE

Import MATLAB/ Simulink Model - Import Preferences —

Specify the specific settings for the model Import

I | Element name Element type | | Parameter name
ﬂ SubSystem BlockType

Base Workspace regular expression:

| VAR e |

Model Werkspace regular expression:

| VAR e |

Element regular expression:

Add ] [ Edit ] [ Remowve ] [ Clear ] [XMLI.":‘.pC-rt...] [XML Export ...

o
)
)

ext » Finish ] [ Cancel
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Variability View

B simulink Configurator Perspective - Representation of an Association - =10l x|
File Edit Mavigate Search Project Window Help
J [~ J P} J 5 J S g e b ﬁll‘, Simulink Confi... >
— ”ﬁ_ . = — & =, v = @
= Configurator Projects E Simulink Models o Variability &2 2| B 5 =
e || S @ Variability Root 7
= VAR_PRESS =
2 VAR_TEMP =
VAR_TEMP_PT_TYPE =
VAR_TEMP_WARM £
VAR_WIND
=l VAR_WIND_WARN g

m Configurable Ttem: VAR _PAR_WIND _WARM
= Control Blocks
¥ vAR_Constant
=l Effects
%5 vaR_Switch
¥ VAR Switch
‘ Binding Tjme: Offina
Comment EMe: VAR _Switch
Variant OQBlock Type: Switch
Mask Type: VAR_Switch
Path: demaoslc_wvar/Data Processing Module fMind Processing /WAR_Switch
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Configuration and Association Views

=10f x|
File Edit Mavigate Search Variant Project Window Help
J - J - J x | & | @| = | J e J e e - ﬁ|l‘. Simulink Confi... i
d4Cc 23 EJSWO'U‘W = B || ® weatherassoc ( Thermometer.vdm &3 = O || & Assodation F2 S o Relaﬁunﬂ = 0
:%:b = Variation Point | Configurable Ttem | Value | Binding Time :I_ = :%:b =
= DemoSLC |VAR_WIND WAR_PAR_WIND [1] on Offfine @ Assadiation Model
) Transformation Scripts  |VAR_PRESS VAR_PAR_PRESS  [0] Off offline @ Default Assignments
[%4] simulink Data VAR_TEMP VAR_PAR_TEMP [1] on Offline (D) VAR_PAR_PRESS = [0] Off
W demoslc_var VAR_TEMP_WARN VAR _PAR_TEMP ... [0] Off Offline @ vaR_PAR_TEMP_WARN = [0]
= ‘Eaﬁ"emmc VAR_TEMP_PT_... VAR_PAR_PT TYPE  [100] PT.. Offline @© var_PAR_TEMP = [1] On
Thermameter VAR_WIND_WARN VAR_PAR_WIND ... [1]On Offline @ vaAR_PAR_WIND_WARN = [0]
— (D) VAR_PAR_WIND = [0] OFf
— & vaR_TEMP
L @ “VAR_PAR_TEMP_WARN = [1]
L (1) VAR_PAR_TEMF = [1] On
w
4] _’|_I & vAR_WIND
: : @ "VAR_PAR_WIND_WARN = [1
Simulink Variability Table Feature Models | g Family Models - = - 1
< ty ] | B | (D vAR_PAR_WIND = [1] On
e h
55 Results &2 E_.,Prnhll:ms} “Eo.m |:%:{>v=ﬁ
Icon | Variation Point | Configurable Item | Value | Binding Time |
] VAR_WIND_WARN  VAR_PAR_WIND_... | [1] On Offline
)] VAR_TEMP VAR_PAR_TEMP [1] on Offline
D) VAR_WIND VAR_PAR_WIND [1] on Offfine
)] VAR_TEMP_PT_TYPE VAR_PAR_FT_TYPE  [100] PT100 Offfine
)] VAR_PRESS VAR_PAR_PRESS [0] Off Offline
)] VAR_TEMP_VWARN VAR_PAR_TEMP_...  [0] Off Offline
< | >
| o 33:54 81(2) |
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Variant Model

_ﬂ Simulink Configurator Perspective - DemoSLC/WeatherAssoc/WeatherAssoc/Thermometervrdm - - |EI|£|
File Edit Mavigate Search Variant Project Window Help
[T5-E |2 | % [erfeplam| @l |+ |00 e - = FEEE
o |[BLoemorestres xin__ ({3, il ey
L Variation Point | Configurable Item |  Value | Binding Time | - L
VAR_WIND VAR_PAR_WIND [1] On Offline
El VAR_PRESS VAR_PAR_PRESS [0] Off Offline ksl
O VAR._TEMP VAR_PAR_TEMP [1] ©n Offline
e YAR_TEMP _WARM VAR_PAR_TEMF_... | [0] Off Offline
= || VAR_TEMP_PT_... :VAR_PAR_PT_TYPE Offline
=  |VAR_WIND_WARN VAR_PAR_WIND_.. [1]On Offline -
[ ] | -
i v
& simulink Variability Table] 3 Feature Models| Fa-rinodeh;|
| i | 33: 54 | 80 (1) |




IBM
Rhapsody

ARTOP

AUTOSAR
pure

variants

Eclipse Enterprise
EMF Tools Architect
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Reuse Items

Test Cases | Architecture
Estimates

Models Code

Requirements
Subsystems

Documentation
Rules
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SPL Testing vs. Single Product Testing

Products Only | Testing

Automation




SPL Testing vs. Single Product Testing

“esting Whole Product Line

et

Explodes

\V/

!e|evan!

. Products )
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SPL Testing vs. Single Product Testing

TWore TestReuse

~_ -
Decrease
~ ~

!arla!lon !OIH!S eSt Selection
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What's The Difference?

Does it have...? PL Test
Asset Asset
|dentity
Relations
Variations

Selection Rules
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Test Affected Products Only

= =
Model Elements | Level Affe Cte d .mm.i pure var2 | pure v ar3
[=liClimate Control F . v
[+ Compressors F ! 1 Va I | ant v v
[+ Control Panel F v 2 v v v v
(4| Climate Zones F ! 3 v v v v
[+ Control Board F v 4 v v 8% v
[<] Root & . v v v v
'~ Root m 7 1 v v v v
[<] puredemo - S 1.1 v v v v
| bus B 7 111 v v v v
[+ unittests B 7 112 v v v 1%
[+ ps:dlass; AbstractCar e 7 1.1.3 v v v v
[+ ps:dass e 7 1.1.4 v v v v
[ ps:dass ChanQEd e ? 1,1.5 v v _J :«
'L-_i-_: ps:class A sset & LE' 1.1.6 v ¥ = v
Sl psidasstcor., < comus & 7 i o ] ] v =
ps:file: Car2ClimaControl.java SN 174 = | v |
[+ ps:dass: Car2ClimaControlTest & 7 1.1.8 L] ] v []
[+] ps:dass: CarClimaControlFactory (C ) ? 1.1.9 v v v v
[+] ps:dass: Compressor (C] f 1.1.10 v v v |
[+ ps:class: Controller e 1.1.11 v v v v




Combinatorical Testing

E DemoFeatureiModel

/\

E Engine Type

. T,

E Gear Box

=

‘¥ Gasoline Engine

“¥ Diesel Engine

“ Electrical Engine

? Start-Stop Automatic

¥ Automatic % Manual

Model Elements

—|iDemoFeatureModel
Gasoline Engine
Diesel Engine
Electrical Engine

Automatic
Manual

© puic sysherm Lkl

(D

Start-Stop Automatic (/1)

v,
(D)

ETEEE

4 Requires: "Automatic’

1.1 &8 &
12 @ &
1.3 v| v
14 & v
2.1 v v
22 @ &

K000 K O

RO K ORI O
0K 00RO

0K RN KO

All feature
pairs covered
by other variants

0 &0 0 0L

R 0N O
0RR 00K



1E+14

1E+12

1E+10

100000000

oy
Q
Q
Q
Q
o
o

Possible Products
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Combinatorical Testing

Pair-wise Feature Tests

25
18

11

24

10 20 30 40 50 60 70 80
Features in Product Line

Size indicates number of products to test

40

90

114

100

110



Combinatorical Testing

1E+54
1E+48
1E+42
1E+36
1E+30

1E+24

Possible Products

1E+18
1E+12
1000000

1
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Pair-wise Feature Tests

40

25

1113 ' 114

24

100 200
Features in Product Line

Size indicates number of products to test

62

300



Test Selection

A B C E F -
1 TEStlT\fpe Title Description Execution Steps
.,ﬂ.utomatic Start-Stop Test for Test to make sure combustion engine is 1. Accelerate to 50 km/h
Tl Combustion Engines with stopped under proper conditions 2. Reduce speed to zero by
manual gear box automatically braking
3. Press clutch
2 4. Move to neutral gear
Automatic Start-Stop Test for Test to make sure combustion engine is 1. Accelerate to 50 km/h
T2 Combustion Engines with stopped under proper conditions 2. Reduce speed to zero by
automatic gear box automatically braking
3

_|_3 Automatic Energy Efficiency Test Test to measure degree of efficiency in the 1. Run Drive Cycle 10 until
whole system by measuring full charge energy battery charge is minimal

vs. energy provide by electrical motors to 2. Charge battery and
a move car measure consumed energy
_|_4 Automatic Fuel Efficiency Test Test to measure degree of efficiency in the 1. Fill tank to maximum

whole system by measuring how much fuel is 2. Run Drive Cycle 20
consumed when running the Test Drive Cycle 3. Measure used fuel by

5 filling up to maximum again.
M 4 F M| TestCases il 1 [
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1 |[Test

Test Selection

B C

T]fp e Tit I e

T1

T2

T3

T4

i

Automatic Start-Stop Test for

Combustion Engines wit

manual gear box

Automatic Start-Stop Test for

Combustion Engines with

automatic gear box

Automatic Energy Efficiency Test

Automatic Fuel Efficiency Test

4 4 ¢ H | TestCases - V]

© pure-systems GmbH

Condition

. StartStop AND ManualGearbox
AND (GasolineEngine OR DieselEngine)

StartStop AND AutomaticGearbox
AND (GasolineEngine OR DieselEngine)

ElectricalEngine

NOT(ElectricalEngine)

T

Description

Test to make sure combustion e
stopped under proper condition
automatically

Test to make sure combustion e
stopped under proper condition
automatically

Test to measure degree of effici
whole system by measuring full
vs. energy provide by electrical s
mowve car

Test to measure degree of effici
whole system by measuring how
consumed when running the Te:



Test Selection

Model Elements | | lr.. .. |l . |lr.. |l |lE..|F..|lE..|F.. |F..
[—| DemoFeatureModel
Gasoline Engine [ 11E 8 8 &8 8 & W ¥ ¥ W
Diesel Engine (D 2@ @ M ¥ M M 8 B & &
Electrical Engine (D - 3¢ W B B E & & & & &
Start-Stop Automatic () 7 14 @ M @ ¥ @ M @ M @ M
Automatic m @ 2avw M @ @ M M @8 @ M
Manual W @ 208 @ M M B8 B W M @8 @
[—| TestPlan
TestiCase_T1 g7 I < I <C I < R < < I I =< I <
TestCase_T2 g7 - < I < I - I < I < I < < I
TestiCase_T3 g7 3 v v kA kB R R kA R kA
TestCase T4 E}, ? 4 |k X ' W ' W W W v v
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iBM
ClearQuest

, pure )
Polarion MKS

- -

ALM : - : Integrity
variants

Microsoft
Excel
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Running a Product Line —

Change and Configuration Management
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Variant Management and Development Artifacts

Stakeholder- Central Supplementary
Specific Development Documents
Views Artifact Databases

.
¢

>Jo

Project Manag

> o

Function Developer

Domain
Models
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Challenges of PL: Change Management

Change Impact Increase

Number of Changes in Core Assets

Changes in Products vs. Changes in Core Assets

Controlling Speed of Change

Coordination between many more stakeholders
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Variants and Change Management

Issue to Products
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Variants and Change Management

\ Var 1 Al Lﬁﬂw

Var 2 Al

Var 3 A1l A2 A3

Var 4 A1l A2 | | A3 Lﬁﬂ

BB E
|

Products to Assets
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Variants and Change Management

Var 1

Al A2
N
Al
—
Al A2
—
Al A2
—_—
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Variants and Change Management

Var 1

Al A2
N
Al
—
Al A2
—
Al A2
—_—
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Variants and Change Management

|ssues to Assets
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Variants and Change Management

g
J
Al A?2

Var 5 A2
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Variants and Change Management

g
J
Al A?2

Var 5 A2
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Variants and Change Management

g
J
Al A?2

Var 5 A2




Variants and Configuration Management
Clone and Own with Branches

2@l Product TBranﬂh TMerge @Heleas& lDevelUpment ll\ﬂaintenance lintegratiun
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Variants and Configuration Management

' Variant TBranch TMerge @Helease lDevelnpment lMaintenance Iintegratinn
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Variants and Configuration Management

L] 111

i Variant TBranch TMerge @Heleas& lDe—velement IMaintenance Ilntegratiun
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IBM
ClearQuest

Polarion
ALM
pure

variants

Bugzilla

MKS
Integrity




Eclipse

API
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pure::variants

C Java HW
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pure::variants
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unnn pure-sy STRIMS - Telephone: +49 391 5445 69 -0

the fast path for all questions — we look
forward to your call

o Internet: http:/www.pure-systems.com

e-mail: info@pure-systems.com

@ FUJI SETSUBI

TEL 072-252-2128 http://www.fuji-setsu.co.|p
E-Mail yoshio@fuji-setsu.co.jp
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