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 Problem: 
project risk high

 Cause: changing requirements during project
E.g., SCNF: train too wide for platforms

 Solution: early and repeated
system-level evaluation

Teaser

→ general approach:
adapt successful approaches from 
software engineering to MBSE!

early industrial successes in 
 TETRA pack
 Marel
 SAAB EDS
 Andritz Hydro



problem:
undetected missing requirements

→ costly rework needed



solution:
front-loading full-system evalation



“agile” for MBSE of CPS 

Select Requirements

Define Sprint Process

Execute Sprint

Functional

Requirements

(From customer)

Safety

Requirements

(From Hazard analysis)

Historical Data

Team capabilities

Organisational 

capabilities

Project focus:
Methods, Techniques and 

Tool support for 

“agile” MBSE

Inputs:

Output: Consistent set of Models satisfying 

selected requirements



 Multi-view
 Multi-abstraction
 Multi-formalism
 Multi-domain
 Multi-developer
 Functional requirements
 Safety requirements
 Product family
 Design-space exploration
 Deployment-space exploration
 ...

Running example:
Power Window

small, but representative:



exploring the mapping between industry challenges and technical solutions 



exploring the mapping between industry challenges and technical solutions 





4.12 Optimal (“sprint”) Processes

Select Requirements

Define Sprint Process

Execute Sprint

:ModelPlant :ModelControl:ModelEnv:ModelNetwork

ControllerToSC

:ScToPn:PlantToPN

:BuildRG

:EnvToPN

:CombinePN

:PlantToCbd:EnvToCbd

:CombineCBD

:SimulateHybrid

AND False

:ScToAUTOSAR

:ToInstrumented

:Generate_
Calibration

:Execute
Calibration

:ExtractPerformance

:Architecture
Deployment

:ToBinPacking 
Analysis

False

:ECUDeployment

:ToSchedulability
Analysis

False

True

:Detailed
Deployment

:SimulateDEVS

False

True

:SwToC

:ArToRte:ArToMw

:CombineC

ECU
Deployment

Detailed
Deployment

:RefineNetwork

:CheckReachable
State :CheckContinuous

:CheckDEVS
Trace

:Check
Schedulability

:CheckBin
Packing

:Calculate
Schedulability

:ToDeployment
Simulation

:CalculateBin 
Packing

:Combine
Calibration

:ModelTextReq

:ModelContext

:ExtractUseCases

:RefineUseCases

:ExtractRequirements

:RefineRequirements

:ToSafetyReq

:ToDynamic
Specification

TRUE

:ExtractTiming
Behaviour

:RefineTiming
Behaviour

:RefineTiming
Behaviour

:RefineTiming
Behaviour

True

Product Backlog

(R3) Auto up/down

(SR1) Cannot pinch passengers
(SR3) Children/pets can be 

locked out

…

Current Technological Barrier:

Insufficient support for
• Optimal requirements selection• Sprint-time process optimisation and 

adaptation



4.5 Modelling Design Uncertainty 
(*)

:
partial models

(aka “models with holes”)

?

?

Tool: analysis,

simulation, etc.

How to detect obstacle – sensor or force feedback?

Electronic or mechanical inhibition window movement?Current Technological Barrier:

Insufficient support for
• Requirement uncertainty• Modelling design uncertainty (parameteric 

and structural)
• Tool processing for models with uncertainty

(*) 
deferring decisions, leaving (discrete/continuous) set of options open 





4.3 Co-simulation

Current Technological Barrier:

Insufficient support for
• Co-sim of heterogeneous models
• Levels of Abstraction
• Correctness



4.6 … 4.8 Consistency Management

Current Technological Barrier:

Insufficient support for
• Cross-disciplinary teams
• Incremental dependency modelling
• Automated inconsistency detection



4.11 Contracts 
(horizontal and vertical)

Current Technological Barrier:

Insufficient support for
• Lightweight approach to contracts for agility



4.10 Validity Frames
(meaningful model re-use)



4.14 Certification: Functional Safety

Goal:

All power window functions are acceptably safe

Strategy: argue by considering all hazard cases

Goal SR1: Cannot 

pinch passengers

Goal SR2: Operates 

when submerged

Goal SR3: Can lock 

out children/pets …

Test results from 
submerging 

prototype

Simulation 

results

Model checking 
discrete 

controller

Also need evidence that 
previous evidence is still 

valid

Current Technological Barrier:

Insufficient support for
• Determining change impact on safety case
• Evidence management

Example Safety 

Case

current sprint



4.13 Incremental Safety
(caring about scale-ability)

Select Requirements

Define Sprint Process

Execute Sprint

Functional Reqs (via Bus.analysis) 

Safety Reqs (via Hazard analysis) 

System artifacts (e.g. models)

Safety Case 

Incrementally updated




