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Agenda

< MB-PLE andNorms

- What is the ISO26550:2013?  - αReference Model for ProductLine 

Engineering andaŀƴŀƎŜƳŜƴǘά

< Whyis it relevant in Systems Engineering?

< What termsarenecessaryto know?

< HowcanI mapSystems Engineering to ISO 26550?

< HowcanI mapSystem Models to ProductLine Engineering?

< Howto work with variable Assets?

< (other) QuestionsandAnswers
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Challengesfor ComplexSystems Engineering 

< Not a one-man show

- Communicatingpreciselyandclearlyrequirements, constraints, ideas, 

decisions

< Not to re-invent the wheel

- Efficientre-useof existingartifacts

< Single-sourcingof equalities

- Productlinesinsteadof balancinga magnitudeof similarsystems

=> Model-based, Standards-basedSystems Engineering of ProductLines
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What is the ISO 26550:2013?

< A concisenorm introducinga Reference Model for ProductLine 

Engineering andManagementfor Software andSystems Engineering

< Refersdirectly to andiscompatiblewith

- ISO 12207:2008 for SoftwareEngineering

- ISO 15288:2008 for SystemsEngineering

< Abstract Representationof the Key Processesof Software andSystems 

ProductLine Engineering andManagement

- IntroducingVariability of Software andSystems

< Twodifferent lifecycles

- DomainEngineering

- ApplicationEngineering 
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The Reference Model of ISO 26550:2013
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Why bother with Variability and Product Line Engineering?

< Every Development Project needs to re-use existing designs, architectures 

and ideas

< Model-based PLE enables the team to pro-actively re-use any type of 

development artifact; requirements, features, components, code, tests etc.

- Not only a common platform as a base architecture

< Pro-active Re-use by PLE is planned and strategic

- Defined by Product Management

- In line with business and technology strategies

< Systematic Re-use

- PLE development process

- Using PLE-specific process steps, techniques and tools 
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Domain Engineering
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ApplicationEngineering
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SomeTerms to know

< ProductLine (aka ProductFamily)

- Basedon the Domain Architecture

- Sharing commonandvariable Features

< Assets

- NOT components, but possiblyreusabledesign artifactsfrom ALL engineering

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 component-based design 
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±ŀǊƛŀōƛƭƛǘȅ aŀƴŀƎŜƳŜƴǘ ƛǎ ƴŜŜŘŜŘΧ

< In anyphase of the development process:

- Requirements Engineering

īE.g. what are common Requirements?

- System and Software Architecture

īE.g. different and/or Common Architectures?

- Implementation

īE.g. how does the Code Implementation differ in the products?

- Tests

īE.g. are there re-usable (common) Test Cases?

< PLE means a efficient complexity-reducing shift in the engineering paradigm:

- Creating one Product Family including its Variability is muchsimpler than creating 

a multitude of similar single products and then keeping them in sync
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The Variability Meta-Model referenced in ISO 26550:2013

< Variation Point - Describing what varies

< Variant - Describing how something varies

< Variability Dependency 

- Connecting Variation Point and Variant

< Variability Constraint - Describing the impact of making a decision on 

Variable Elements

< Artifact Dependency - Connecting Variable Elements with Base Model Elements

< Decision Set - 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
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Variants

< A Variant shows the different possibility foreseen for the variable item or 

property.

< !ƴǎǿŜǊǎ ǘƘŜ ǉǳŜǎǘƛƻƴΥ αIƻǿ ŘƻŜǎ ƛǘ ǾŀǊȅΚά
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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
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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 dependencies
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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
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Requires Dependency Example

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

Bluetooth version 
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Excludes Dependency Example

< If Keyboard is selected as input device, Slide-to-unlock cannot be used as 

screen lock option
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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
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CombiningPLE with MBSE

< UsingMBSE to describethe ProductFamily

< AddingVariabilityasorthogonal view

< Usingdecision-basedmodeltransformationto createthe ProductModel

< ApplyingMBSE analysison the ProductModel
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Variability Approaches

< Express Variability within development models

< Model Variability in first-class models


