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Product Lines share Components

BMC Minor Sprite Mini 1100/1300

Engine A-series

in-line transversal

803cc, 948cc, 

1098cc
948cc, 1098cc

848cc, 970cc, 

997cc, 998cc, 

1071cc, 1098cc, 

1275cc

1098cc, 1275cc

Gearbox behind engine (RWD) below engine (FWD)

Suspension
torque bars + 

spring leaves

wishbones + 

spring leaves

rubber cones or 

hydrolastic
hydrolastic

aftermarket series of one 
customization

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjl6baK6LzUAhWMZFAKHe78B3MQjRwIBw&url=http://www.classicandperformancecar.com/austin-healey/sprite&psig=AFQjCNFkA7DSUivn7kMb2r_jtBJdISX35g&ust=1497511728192681
http://www.tomroy.co.uk/content/spares
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiPl-Hg6bzUAhVIaFAKHTxvCN8QjRwIBw&url=http://www.classicandperformancecar.com/mini/cooper&psig=AFQjCNF-qOp41uyefPgo9_Q-cW527v8Mjg&ust=1497512149625510
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• Not so much from system architecting perspective, but

• (More) software  series of one customization at build

• (More) model-based development

What has changed?

Coherent execution of real components 

together with co-simulated modelled 

components using existing interfaces

mechanics, mechatronics, electronics, X-ray, 

medical staff, patient, medical equipment

Virtual prototyping  let users experience the system before building it
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Development Process

Suppliers

Software

Electronics & Mechanics

System

Needs

Unit
Test

Sprint n

Unit
Design

Code Check
Unit

Design
Code Check

Sprint 1 Sprint n-1

3 weeks

Unit
Spec

Acceptance
Test

Design
Support

Unit
Design

Order Build
Unit
TestWait

Physical Prototype

6 months

Req.
Concept
Design

Spec.

3 months

Validation

Integration
Verification

Test

3 months

Review

Specification Defects

Suppliers

Productization

Integration Defects

Unit Defects

Unit Defects



54 - 5 months 1 month6 months

Development Process

Suppliers

Software

Electronics & Mechanics

System

Suppliers

Productization

6 months3 months 3 months

Specification Defects
Needs

Unit
Test

Sprint n

Unit
Design

Code Check
Unit

Design
Code Check

Sprint 1 Sprint n-1

3 weeks

Unit
Spec

Acceptance
Test

Design
Support

Unit
Design

Order Build
Unit
TestWait

Physical Prototype

Req.
Concept
Design

Spec.

Validation

Integration
Verification

Test

Review

Integration Defects

Unit Defects

Unit Defects

Needs

Req.
Spec.

Model

Early
Validation

Modelling in
Virtual Prototype

Specification
Defects Validation

Integration
Verification

Test

Model
Acceptance

Test
Design

Support

Unit
Design

Order Build
Unit
TestWait

Productization

Unit Defects

DSL
Model

Gen.
Unit
Test

DSL
Model

Gen.
Unit
Test

Sprint 1 Sprint m

3 weeks

Unit Defects Unit Defects

Integration 
Defects

Integration
Verification

Test

Validation

Eliminate

More Continuous



6

Moving to Model-Based Development

• How to get the complexity out of the development process using MBSE/MBSA?
• How to embed MBSE/MBSA in development process?
• What model to use when and for what purpose?
• How to ensure consistency of models (of same and different domains) throughout development process?
• Getting MBSE/MBSA tooling approved for evidence testing (in particular in view of safety requirements)!

Variety in languages, models & tools 

exceeds variety in document  types

Industrial Practice State of the Art

Key is 

Development 

Efficiency

MBSE = Model-Based System Engineering

MBSA = Model-Based System Architecting

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjdw7ilw93RAhUFbBoKHZgHAIoQjRwIBw&url=http://tansyrr.com/tansywp/last-of-the-paperwork/&bvm=bv.145063293,d.ZGg&psig=AFQjCNGyaZFDCrXDWAFt1xgXJmf8-eMkkQ&ust=1485441560758173
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjFtcaywd3RAhVFSRoKHc2XAT8QjRwIBw&url=http://www.modeladvisor.com/specific_use/finance/financial_calculators/budgeting_spreadsheets_for_excel/budgeting_spreadsheets_for_excel.htm&psig=AFQjCNFMNerprEHF1LzjRzgAzMH70bFq2g&ust=1485441083257409
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjzrp2Kwd3RAhVJVRoKHcZ6D10QjRwIBw&url=http://model-based-systems-engineering.com/download/&bvm=bv.145063293,d.ZGg&psig=AFQjCNHiVTs4Sg4Z2PfJSPZ3Zd9ZS-qqvw&ust=1485440991928835
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiTiOz-wN3RAhWFVhoKHZ1LAQcQjRwIBw&url=https://en.wikiversity.org/wiki/UML&bvm=bv.145063293,d.ZGg&psig=AFQjCNFR7Ek5eQ1aCfPzI8llJyFMKtMUvw&ust=1485440972591422
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi9s53zwN3RAhVEDxoKHQBGDuUQjRwIBw&url=http://www-rohan.sdsu.edu/doc/matlab/toolbox/simulink/ug/quick_start.html&bvm=bv.145063293,d.ZGg&psig=AFQjCNFjPYAtl6v5XKNaqMGweSbkhHlOvQ&ust=1485440933389606
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwibxoTZwd3RAhWODBoKHULWA4kQjRwIBw&url=https://dzone.com/articles/solving-problem-dsls-adoption&bvm=bv.145063293,d.ZGg&psig=AFQjCNGeoYLjY5mDDSY1TyLrOPee13-gUg&ust=1485441161519915
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjAwOGdwt3RAhUB1BoKHYIRC5cQjRwIBw&url=http://www.empiremagnetics.com/cad_htm/M2400150.htm&bvm=bv.145063293,d.ZGg&psig=AFQjCNELJU0-CpD3KEHsUTRtsVSXIZ-vDw&ust=1485441296272343
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiFj-bXwt3RAhUFORoKHWPFB3sQjRwIBw&url=http://www.radiologyinfo.org/en/info.cfm?pg%3Dbonerad&bvm=bv.145063293,d.ZGg&psig=AFQjCNGCOHLB_du10ovP01lxD9BHQzYR5w&ust=1485441414522450
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAt6LJw93RAhXB2RoKHXq-D6UQjRwIBw&url=https://www.biodigital.com/&psig=AFQjCNEgyDM5oxVxp8kwIrvr9wqFL-NLEg&ust=1485441648013675
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjerf3qw93RAhWRyRoKHbnUA6EQjRwIBw&url=http://www.gandoza.com/medical-equipment-3d-model.html&psig=AFQjCNH9IanAq3OD9t-52Hl2El0P4B9KIw&ust=1485441725724988


7

Model (Life-Cycle) Management
dealing with diversity and vast amount of models (and their tools) to enable

supporting MBSE/MBSA for complete life-cycle of system variants in business processes

Model Life-Cycle Management

Virtual Prototyping
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Test ResultsRequirements
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Model Management

(Model) 
Component 
Repositories

Configurator

Models

(Model) Component 
Version & Variant Control

Product Line 
Architecture 

Modeler

Product Line 
Architecture(s)

Models

• Evolving product line architectures as foundation

- Architecture template for (multiple) product lines

- Component composition rules

- Component interface & test interface specifications

- Model component reuse across product line architectures
1

1

Requirements for Model Management

Product Line Architecture is a Designers’ View

(CAFCR)
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Product Line Architecture Modelling

- Hierarchical Composition

- Interface Specifications

- Component Connections

- Composition Constraints

- Parameters (Constrained)

- Cardinalities (Constrained)

- Model Types (Associated with

each component, incl. composites)

LateralStand ⇔ LateralStandMount

Detector.FD12 ∨ Detector.FD15 ∨ Detector.FD20 ⇒ ¬ LateralStand ∧ ¬ LateralStandMount

Dectector.FD12 ∨ Detector.FD1212 ⇔ FrontalStand.PolyG2

Dectector.FD12 ∨ Detector.FD20 ∨ Detector.FD2012 ∨ Detector.FD2015 ⇔ FrontalStand.Clea

…

Composition

Constraints

Interface
XRayStand

Detector

FrontalStand(X,Y,Z) LateralStand

FrontalStandMount(X) LateralStandMount(Y)

2 0..5

0..11

1

Component

Definition

Connection

Component

Instance Reference

Instance

Cardinality

Dashed = Optional

Images

Expansion Operator

Parameters

Also: Constraints on 

Parameter Values & 

Cardinalities



10

Requirements for Model Management
• Evolving product line architectures as foundation

- Architecture template for (multiple) product lines

- Component composition rules

- Component interface & test interface specifications

- Model component reuse across product line architectures

• Model consistency tracking & enforcement

- Model types (depending on validation & verification purpose)

- Model governance by product line architecture & interface 
compliance checks

- Cross discipline / department notification of changes

• Easy instantiation / configuration of virtual prototypes considering

- System variant and/or features of interest

- Desired validation / verification procedure

- Available real components / model components / model types

- Available model execution equipment

Model Management

(Model) 
Component 
Repositories

Configurator

Models

(Model) Component 
Version & Variant Control

Product Line 
Architecture 

Modeler

Product Line 
Architecture(s)

Models

1

2
2

3

1

2

3
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Features

Features are a Customers’ View

(CAFCR)

Basic Cooper S

Engine 848cc 1275cc

Carburation Single 1.25” Twin 1.5”

Tank 24l 2x 24l

Wheels 3.5x10 4.5x10

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwia5ZW_mb3UAhVFZVAKHYBUAMwQjRwIBw&url=http://www.sunstarmodelcars.com/morris_mini.htm&psig=AFQjCNHT5eBbbGGOo-6icOiINQsov7KQ4w&ust=1497524998263958
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiaoaaAnL3UAhXNPFAKHfceAeMQjRwIBw&url=https://www.tumblr.com/tagged/bmc%2Bmini%2Bcooper&psig=AFQjCNEgTUcotJH4_FQ-przDc1MjDPWbPQ&ust=1497525646175047
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Product Line Architecture ↔ Features

Features can relate to not necessarily (directly) related components & interfaces

How to keep product line architecture and feature views consistent when things evolve?

(Hierarchical) 

Component

Interface

dotted = optional

Model

Feature
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Feature Modelling

• Capture variability in system’s capabilities “catalog” view
- Can be at solution level (like Dell website)

• Compared with product line architecture model, this misses the interfaces

- Can be at user-need level

• What a user can do with the system

• Like: Neuro or Cardio with optional Radial Access

Possible extensions to existing 
feature model formalism that we 
may need include parameters and 

cardinalities
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Requirements for Model Management
• Evolving product line architectures as foundation

- Architecture template for (multiple) product lines

- Component composition rules

- Component interface & test interface specifications

- Model component reuse across product line architectures

• Model consistency tracking & enforcement

- Model types (depending on validation & verification purpose)

- Model governance by product line architecture & interface 
compliance checks

- Cross discipline / department notification of changes

• Easy instantiation / configuration of virtual prototypes considering

- System variant and/or features of interest

- Desired validation / verification procedure

- Available real components / model components / model types

- Available model execution equipment

• Status monitoring and access control for real components / model 
components to match (existing) business processes (ALM/PLM)

• Version control supporting co-evolution of model components (using 
variety of existing repositories) including design rationale tracking

• Unobtrusive, effective and scalable engineering tools

- Customizable existing (industrial) (ALM/PLM) tools
(also for validation/verification/test results)

Model Management

(Model) 
Component 
Repositories

Configurator

Models

(Model) Component 
Version & Variant Control

Product Line 
Architecture 

Modeler

Product Line 
Architecture(s)

Models

1

2
2
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4

5

6

4 5 6

1

2

3

4

4

5 6

6

MBSE/MBSA Tool Evolution 
(Maintenance & Support)
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What’s Available?

• Complete tool with multi-disciplinary virtual prototyping & model management

- PREEVision for automotive  unsuitable for any other domain

• Example ALM/PLM tools allowing SysML-based modelling

- IBM Rhapsody Design Manager

- PTC Integrity MBSE

• Example architecting tools

- Capella  No link to ALM/PLM

• Example software product line tools

- Pure::Variant

- Supermod (Academic)

• Version control tools for software development are insufficient

Code generation possible
No proper virtual prototyping
Domain specific customization via UML profiles (not via DSLs)

Software not system
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What’s Available?

PREEVision
Design 

Manager

Integrity 

MBSE
Capella Pure::Variant Supermod

Traditional 

Version 

Control

Product Line 

Architectures
SysML SysML
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Consistency 

Tracking & 

Enforcement
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Difficult

Virtual

Prototyping

Software 

Build Only
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Build Only
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Build Only

Software 
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Access 
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Y-Chart
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SysML use
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rough first impression based on ‘spec’ sheets  your help is appreciated to get a better overview
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