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o ‘

~ strongest of the
. species that
. survives, nor the
. most intelligent,

but the one most
responsive to
change.

~Charles Darwin, 1809




U, Teaser

e Problem:
project risk high
e Cause: changing requirements during project
E.g., SCNF: train too wide for platforms
e Solution: early and repeated
system-level evaluation

— general approach:

adapt successful approaches from
software engineering to MBSE!

early industrial successes in
TETRA pack

Marel

SAAB EDS

Andritz Hydro
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U-' problem:

undetected missing requirements
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solution

front-loading full-system evalation

Mechanical
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U, “agile” for MBSE of CPS

Inputs:
Functional
Requirements —_
(From customer) ﬁ

Project focus:
Methods, Techniques and

Tool support for

] “agile” MBSE

Team capabilities

—_—
—_—

—_—

selected requirements
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Running example:
U’ Power Window

small, but representative:

o Multi-view

. Multi-abstraction
« Multi-formalism
« Multi-domain ,
. Multi-developer ’
. Functional requirements

. Safety requirements

« Product family

. Design-space exploration

. Deployment-space exploration

window /T ‘
regulator i)
agcoauto.com
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exploring the mapping between industry challenges and technical solutions

Proceedings of the 2017 Winter Simulation Conference
W. K. V. Chan, A. D’Ambrogio, G. Zacharewicz, N. Mustafee, G. Wainer, and E. Page, eds.

Agile Model-Based Systems Engineering for CPS:
Challenges and Selutions

Joachim Denil Rick Salay

University of Antwerp/Flanders Make University of Toronto & University of Waterloo
Chris Paredis Hans Vangheluwe
Georgia Tech University of Antwerp/Flanders Make & McGill University

ABSTRACT

Engineering organisations following a traditional development process often suffer from under-specified
requirements and from poor responsiveness to changes in those requirements during the course of a project.
Furthermore, these organizations need to deliver highly dependable products and decrease time-to-market. In
the software engineering community, Agile methods have proposed to address similar issues. Pilot projects
that apply agile approaches in Cyber-Physical Systems (CPS) engineering have reported some success.
This position paper studies the challenges faced when adopting an agile process to design CPS. These
challenges are broken down into their essential components and solutions are proposed, both pertaining to
model/simulation management and to processes.
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exploring the mapping between industry challenges and technical solutions

[ High risk J Sub-Optimal Certification Needs
Time-to-Market (e.g. Safety
)7 v\ Standards)
Unknown Changing
Requirements Requirements

A4

Rigid
Processes

( In Conflict:

4.1 Show Full
System to Customer
at Regular Intervals

I
I I
i i
i i
i | Challenge | ; Current Design Process:
I I
I i 1
I 2 1
1

4.2 (Non-fixed
Length)

. — Rigid <> Flexible
| i Late and/or Partial Sprints (iterations) L gProcesses

1 I Integration lexible Processe y

i Solution ! v ¥

4.12

4.13

4.1 Early System- Process Incremental
level Optimisation Safety
Evaluation

4.14
Traceability

i Heterogeneity
Co;or?liﬁézt to Need for Heit: r&%zré?"y Heterogeneity Heterogeneity in Model COTS Models
Design Decisions IPProtection Components in Views in Abstraction Construction/ and Libraries

Evaluation Time

\

Wrong Assumptions
in Composite/
Component Models

Inconsistencies
in Design

er"Sa,

4.4 RS '\‘ ..
4.5 Partial Transformation ’.za -U ==~ ¢ (Incremental) 3 ',‘4'_3 C,—os's'.‘s‘ 4.9 4.10 Model
Modals toaCommon /¢ 0 1pp_er 3, Consistency #¢ functional #( Automatic 4.11 Validity
Formalism SSIR0GET s Management e’ | Teams L0 \& Contracts Framee

ad cTame”
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U-' 4.12 Optimal (“sprint”) Processes

-

Current Technological Barrier:

Insufficient support for g:
[ J

Optimal requirements selection FI
Sprint-time process optimisation and

adaptation

(OO CUIMMTUTETIZPELS Ldll Ut

locked out

§
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)
4.5 Modelling Design Uncertainty
U" partial models

(aka “models with holes™)

l Current Technological Barrier:

Insufficient support for

3

W?J

Requirement uncertainty

‘ Modelling design uncertainty (parameteric

and structural)

Tool processing for models with uncertainty
Tool: analysis,

simulation, etc.

)

deferring decisions, leaving (discrete/continuous) set of options open
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4.3 Co-simulation

Current Technological Barrier:
Engine Engine Control Trans

w |Insufficient support for

Co-sim of heterogeneous models

Levels of Abstraction

Correctness

FTHEHEZ

JEEREK
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4.6 ... 4.8 Consistency Management

o
T e o e

e .
TS - g Tia E s

- [+ r~ T4+ X+ 1at — 18l —
Rl S 3

—

« - aX! X

—r

L Current Technological Barrier:

Insufficient support for

Cross-disciplinary teams

Incremental dependency modelling

Automated inconsistency detection

<4 Rte Signal Mapping
¥ < Com Config
<4 Rx Com Signal cmdDown_Event
< Tx Com Signal UpDrv
<% Rx Com Signal cmdStop_Event
4 Rx Com Signal cmdUp_Event
< Tx Com Signal DownDrv
< Tx IPDU BodyLogic_Actions
< R« IPDU DrvDoor_Sensors
¥ < Canif Config false
4 Ipdu To Hoh Map 10
4 Ipdu To Hoh Map 14
¥ < Can Config false
<4 Hardware Transmit Handle O
4+ Hardware Receive Handle 0
¥ 4 Ecu PsgDoor
P 4 Ecu DrvDoor
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4.11 Contracts

(horizontal and vertical)

C11 ® (C121 ® Cra2) ® (C131 @ Ci32)
O Cu

1 is refined by the OEM ; i Cl2l 2 6122 - i I Cl:“ > CHZ
FRUSRSSI B, ., o b LCm LDQ_L%&% G
S Scn I
- { Current Technological Barrier:
[ ff

e
: 122 A Ci32

is delegaied for ¢ INSUfficient support for

implementation by a supplier :

Lightweight approach to contracts for agility
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4.10 Validity Frames
(meaningful model re-use)

G

Example

y
/‘Q“ Proportional Limit
/
i/

!

| displacement

F

force
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U-' 4.14 Certification: Functional Safety

Example Safety

Case

Current Technological Barrier:

Insufficient support for

current sprint Determining change impact on safety case

° .
Evidence management

—_—

—_—

™~
Also need evidence that
previous evidence is still \
—> valid
~— /

_
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4.13 Incremental Safety
(caring about scale-ability)

Functional Reqgs (via Bus.analysis)

Safety Regs (via Hazard analysis)

Incrementally updated

System artifacts (e.g. models)

Safety Case
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( High risk ) Sub-Optimal Certification Needs
Time-to-Market (e.g. Safety

Standards)

Unknown Changing

Requirements Requirements v

Rigid
Processes

4.1 Show Full
System to Customer
at Regular Intervals

Y

1
! 1
! |
I _fi =
i Challenge : Current Design Process: 4'262:;“:‘))(” ( In Conflict:
' i i Jik »| Rigid <> Flexibl
! : i Late and/or-Pamal Sprints (iterations) L |g||3 <> Flexible
i ! Integration lexible Processe [ppescee
: _Solution ! v "4
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4.13

4.1 Early System- Process Incrermental
level Optimisation Safety
Evaluation

\ 4.14
Traceability
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