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Agenda

< MB-PLEandNorms

- Whatisthe 1ISO26550:2013 - oReference Moddlor ProductLine
Engineeringanda | Yy 3SYSy i &

< Whyisit relevant in SystemBngineering

< Whattermsare necessaryo know?

< Howcanl map Systemg£ngineerindo ISO 265507

< Howcanl map System Model$o ProductLine Engineering?

< Howto work with variable Assets?

< (other) Questionsand Answers
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Challengedor ComplexSystems Engineering

< Not aone-manshow

- Communicatingreciselyand clearlyrequirements constraints ideas
decisions

< Notto re-inventthe wheel

- Efficientre-useof existingartifacts
< Singlesourcingof equalities

- Productlinesinsteadof balancinga magnitudeof similarsystems

=>Model-based StandarddbasedSystems Engineerirgd ProductLines
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Whatisthe ISO 26550:20137

< Aconcisenormintroducinga Reference Modefor ProductLine
Engineeringand Managementfor Softwareand Systems Engineering

< Referdirectlyto andis compatiblewith
- 1S0O 12207:2008r SoftwareEngineering
- 1S0 15288:2008r Systems<E=ngineering

< AbstractRepresentatiorof the Key Processe®f Softwareand Systems
ProductLine Engineeringnd Management

- IntroducingVariability of Softwareand Systems
< Twodifferentlifecycles

- DomainEngineering

- ApplicationEngineering
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The Reference Modealf ISO 26550:2013

-
Reference Model for SSPL Engineering and ManagementJ

Domain Asset
[1-7]

Domain Asset : Asset Application Asset




Why bother with Variability and Product Line Engineering?

< Every Development Project needs toeuge existing designs, architectures
and ideas

< Modelbased PLE enables the team to {actively reuse any type of
development artifact; requirements, features, components, code, tests etc

- Not only a common platform as a base architecture
< Proactive Reuse by PLE is planned and strategic
- Defined by Product Management
- In line with business and technology strategies
< Systematic Rese
- PLE development process

- Using PLISpecific process steps, techniques and tools
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Domain Engineering

Domain Engineering (rev 10)

View Relationships

¥ Validate and Verify
the Domain

Structure

¥ Realize Components

* Find and integrate
appropriate available Assets

¥ Model Variability in the
Product Line

* Manage the Domain
Realization

¥ Model Product Line Behavior

* Realize Interfaces

¥ Model non-functional
Constraints of the Product Line

¥ Validate and werify the
Realization of Domain Assets

| * Scoping of reusable Assets

¥ Link Product Line Variability
to appropriate Elements in the
Product Line Model

¥ Zcoping in the Domains

¥ Product Scoping

¥ Make Product Ling
Requirements available for
reference

¥ Domain Realization

Domain
Engineering

¥ Product Line
Scoping

¥ Domain
Requirements
Engineering

¥ Analyze Domain
Requirements

¥ Model Product Line Structure

¥ Merge Member Product
Requirements

¥ Validate and Verify Domain
Requirements

¥ Trace Product Line
Architecture to Product Line
Requirements

* Specify Domain
Requirements

¥ Create Variability Model of
Product Line Regquirements

¥ Domain Design

¥ Manage Domain
Requirements

* Recognize Patterns in the
Product and Product Line
Requirements

* Validate and Verify the
Domain Architecture

¥ |dentify Stakeholders

¥ Design the Domain
Architecture

¥ Hicit Stakeholder
Requirements

¥ Analyze Commanalities and
Variability in the Domain Design

* Perform Change
Management

¥ Elicit Stakeholder
Requirements

* Manage the Domain

Architecture

* Perform Configuration

¥ Model Variability in the
Product Line Reguirements

¥ Ensure Configuration
Easeline Changes Managed

¥ Maintain Configuration
Information

Management

¥ Maintain Traceability ‘
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Application Engineering

Application Engineering (rev 6)

View Relationships Structure Discuss BPMN View

¥ Elicit Application Requirements

* Manage Application Reguirements

¥ Document Application Requirements

* Validate and Verify Application Requirements

¥ Analyze Applications Requirements

¥ Verify and Validate the Application Architecture

* Design the application-specific Architecture

¥ Binding of Variants of the Domain Architecture

* Manage the Application Architecture

* Application Requirements Engineering

¥ Verify and Validate the Application realization Assets

¥ Application Design

¥ Integrate suitable COTS Components

Application Engineering

* Application Realization

* Realize the Application-specific Interfaces

¥ Application Verification and Validation

* Evaluate suitable COTS Components

* Realize the Application Component

¥ Binding Variability on Component Level

¥ Manage the Application Realization

¥ Identify suitable COTS Components.

¥ Analyze and report Application Test Results

¥ Plan Application Tests

* Manage Application Tests

* Design Application Tests

¥ Run Application Tests
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SomeTermsto know

< ProductLine (akd@roductFamily)
- Basedon the DomainArchitecture

- Sharingcommonandvariable Features

< Assets

- NOTcomponents but possiblyreusabledesignartifactsfrom ALLengineering
processes

< Variation Point

-  Defineswhat varies

< Variant

- Defineshow somethingvaries
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Model-based Variability using OVM

< Allows both approaches: Orthogonal and Integrated
- Separate views for variability
- Link of variable elements with base model elements
- Shared views showing variability and base model views
< Only the combination of both views within one model enables to
- Separate the concerns
- Keep base and variability models consistent
< Model-based variable Assets

- To combine product families with componeipased design

L7 afego
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+ P NAFOoAfAGE abylr3adySyid Aa ySSRS

< Inanyphase of the development process:

Requirements Engineering
1 E.g. what are common Requirements?

System and Software Architecture
1 E.g. different and/or Common Architectures?

Implementation
1 E.g. how does the Code Implementation differ in the products?

Tests
1 E.g. are there reisable (common) Te€lases?

< PLE means a efficient complexigducing shift in the engineering paradigm:

- Creating one Product Family including its Variabilipughsimpler than creating
a multitude of similar single products and then keeping them in sync

£7 atego
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The VariabilityMeta-Model referenced in ISO 26550:2013

< Variation Point - Describingvhat varies
< Variant - Describinghow something varies

< Variability Dependency

- Connecting Variation Point and Variant

< Variability Constraint - Describinghe impact of making a decision on
Variable Elements

< Artifact Dependency - Connecting Variable Elements with Base Model Element

< DecisionSet - Collecting the decisions on the Variation Points
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Examples

< External and mandatory

- Motor type

< External and optional

- Air Conditioning for a car

< Internal and mandatory

- Processor in use

< Internal and optional

- Debug mode for SW

/
7 Air
/ Conditioning
/
’ needed

’
¢ SW Debug
Mode

13
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Variants

< A Variant shows the different possibility foreseen for the variable item or
property.
<1 yagSNAR (KS [ dzSaiiA al 26 R2Sa




Variability Dependencies

< Dependency Link between a variation point and possibly many variants
< Variability Dependencies can be optional

< Example:

- USB is not optional

- All other options are

Bluetooth WiFi NFC

L7 atego
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Alternative Choice

< Optional Variability Dependencies can be constrained by a minimum and
maximum number of possible choices

< Syntax <min>..<max> aside an arc connecting the variability dependencic

Route
Directives

/
;s Bluetooth
version

4 1
2.5 ,11 A
| ¢ 1.2
/v ~ Ny
s’ 1 ~ 7 A
’ ’ 1 N ~ ! A\
I b
’ ’ ! M LN ’ \
o/ 1 AN 7 %
Bluetooth 2.1 + EDR Bluetooth 3.0 + EDR Bluetooth 4.0 via spoken language via Display
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Variability Constraints

Variable Elements can be linked to express
< That the selection of one requires the selection of another

< That the selection of one excludes the selection of another

< The scope can be from
- variant to variant

- Variant to variation point

- Variation point to variation point

L7 atego
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Requires Dependency Example

< The selection of the Bluetooth connectivity requires the selection of the
Bluetooth version

«requires»

7/
+ Bluetooth
version

Bluetooth

H
el R B
-
-
-
-
-
H
Y

WiFi

’ 1 ~
’ ~
NFC 1
1
1
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Excludes Dependency Example

< If Keyboard is selected as input device, Sladanlock cannot be used as
screen lock option

Touchscreen

Lock Switch

L7 atego
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Artifact Dependencies

< Connection between Variable Elements to the Base Family Model

< Allows to model which model elements are in the product family model
due to a specific variant or variation point

< Artifact Dependencies are possible to all types of base model elements
- Structural like UML classes, SysML blocks or parts
- Behavioral like Use Cases or States

< In order to express this dependency,
- base model elements can be shown on Variability Diagrams

- Variable Elements can be shown on Base Model Diagrams

L7 atego
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CombiningPLEwith MBSE

< UsingMBSHEo describethe ProductFamily
< AddingVariabilityasorthogonalview

< Usingdecisionbasedmodeltransformationto createthe ProductModel
< ApplyingMBSEanalysison the ProductModel

Product Line Engineering (rev 4)

View Relationships Structure Discuss BPMN View
Vertical | Horizontal l | Top level l Detailed
e [ 7 : ! : i r'_!‘
Link Variants Define 02 Create
Model-based Model Product w32 Debug Decision
O_‘[ System Engineering Variability :,’e,s,}':,tg" Model [s’:tc's”" Set m’g;“ O
2] [+ @ @A [+ @
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Variability Approaches

< Express Variability within development mode{*

< Model Variability in firstlass models
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