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Formalising concepts of consistency
In CPS development

o feedback/
validation( | requirements

= Notions of consistency and their 4
prOpertIeS ormasaﬂon()conceps
= Complexity N
. Formalising
= Certalnty Consistency
= Special demands of CPS design AB C

= Hybrid/continuous models
= Data-defined models
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A01

Formalising and Relating Different Notions of Consistency

ARmann
Beckert
Reussner

A02

Complexity of Consistency

Atkinson

Burger
Ulbrich

A03

Consistency Under Uncertainty

Acosta
Koziolek

A04

Consistency of Hybrid / Continuous Models

Althoff
Platzer
Pretschner

AO05

Consistency of Data-Defined Models

Althoff
Platzer

Research Area A: Formalising Consistency



AO1: Formalising and Relating Different
Notions of Consistency

syntax-based paradigm
(e.g., rule-based)
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What are properties and relations between different notions of consistency?

Research Area A: Formalising Consistency
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Exemplary Research Question
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A02: Complexity of Consistency

/ Meta-Models with Semantic Overlap \

Software
Resource o Component
"""""""""""""" name || —
\ ------------ 1o Topic Subscriber Node
name ~ gL name
1?)
semantic overlap
Projective Synthetic

Redundancy-free V-SUM Meta-ModeD [ CPR-based V-SUM Meta-Model ] Eependency-based V-SUM Meta-Model

Exemplary Research Question

How can the complexity and impact of the different semantic overlap resolution approaches be measured to
support the design of a V-SUM meta-model?

Research Area A: Formalising Consistency
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AO03: Consistency Under Uncertainty

represents
uncertain o
ty V-SUM assess model‘s validity
under uncertainty
System propagate
Architect uncertain '
uncerantpy |

X

Model 1 CS Model 3

reduce uncertainty in
Model 1 using CS with
Model 2

1 © Views and models impacted by uncertainty

Propagation of uncertainty values

Exemplary Research Questions

How can uncertainty in CPS design be dealt with? What does it mean for consistency?
How could consistency relations be used to lower uncertainty?

Research Area A: Formalising Consistency



A04: Consistency of Hybrid / Continuous C{&/NVIDE
Models

V-SUM

conformance
between models

conformance via
safe measurements

LA
Simulation model Verification model

X = f(x,u,w) X=Ax+Bu+Ew
y=h(X,U,V) y=CX+DU+FV
ZZ N=

property transfer
(e.g., safety)

Verification methods
(reachability, proofs, tests)

property transfer
(e.g., safety)

Exemplary Research Question

How to specify consistency for hybrid models?

Research Area A: Formalising Consistency



AO5: Consistency of Data-Defined Models

Data-Defined Model

NOT TRUSTED
NOT INTERPRETABLE

Learned Component

Safety Shield

l enforcing

Model 1

Model 2

Model 3

Contract -«

consistent
with

Exemplary Research Question

V-SUM

What does consistency mean for data-defined models?

Research Area A: Formalising Consistency
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Highlight Talks Today

« AO1: Romain Pascal: = Multidimensional Consistency, Looking into
Semantics

 A02: Colin Atkinson:  Towards Deep Reactions in Vitruvius

 AO4: André Platzer: Differential Refinement Logic for Hybrid Systems
Consistency



IT

Karlsruhe Institute of Technology

A01 — Multidimensional Consistency, Looking into Semantics

Winter Colloquium
U. ABmann, B. Beckert, K. Feichtinger, K. Kegel, R. Pascual, R. Reussner | Decembre 12, 2024

Convide — Consistency in the View-Based Development of Cyber-Physical Systems Www_sfb1 608.kit.edu


https://www.sfb1608.kit.edu

1 KIT

Multidimensional Consistency

® Binary vs. N-ary
Reason about multiple models Qualitative

® Normative vs. Descriptive
Reason about correctness Semantics

® Qualitative vs. Quantitative
Reason about consistency-increasing methods

® Certainty vs. Uncertainty

Reason about the physical part of the system Syntax

® Syntax vs. Semantics

Reason about quality Normative

Descriptive

'Feichtinger et al. 2024.

2 12.12.2024 R. Pascual: Multidimensional Consistency, Looking into Semantics KIT — Convide
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Semantics

Semantics with Java programs as models
® trace semantics
® pre and post conditions

result of tests

termination property

® number of methods or attributes of a class

3 12.12.2024 R. Pascual: Multidimensional Consistency, Looking into Semantics KIT — Convide



KIT

Semantics
Semantics with Java programs as models Abstract semantics
. tr semantics
frace [1:M— S
® pre and post conditions
® result of tests M meta-model and S semantic space
a

termination property

® number of methods or attributes of a class Itis purpose-dependent

3 12.12.2024 R. Pascual: Multidimensional Consistency, Looking into Semantics KIT — Convide
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Main findings®

® 1. Imposing conditions on the semantic spaces allows for a notion of semantical V-SUM.

2pascual et al. 2024.

4 12.12.2024 R. Pascual: Multidimensional Consistency, Looking into Semantics KIT — Convide



KIT

Main findings®

® 1. Imposing conditions on the semantic spaces allows for a notion of semantical V-SUM.

® 2. There exist semantics called natural semantics that capture exactly the information
necessary to assess the consistency of models.

2pascual et al. 2024.

12.12.2024 R. Pascual: Multidimensional Consistency, Looking into Semantics KIT — Convide
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Example

Suppose that (m; € M;);c; describe components of a car

The models are consistent if the total weight is < 1000 kg

The natural semantics are

[-]2¢: M; — [0,1000] U {too much}

5 12.12.2024 R. Pascual: Multidimensional Consistency, Looking into Semantics KIT — Convide
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Multi-level (Deep) Modeling
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reactions: umlToJavaClass
in reaction to changes in uml
execute actions in jawva

Reactions Declaration

reaction CreatedUmlClass {
after element uml::Class
created and inserted as root

call { Reactions Definition

val umlClass = newValue
createJavaClass (umlClass)

¥

routine createJavaClass(uml::Class umlClass) { R
match { /* retrieve_elements =/ } outine

create { /* create_elements =*/ 1} Definition
update { /* update_models =/ }

Consistency Specification Rules
The Reactions Language



Define

Covering multiple domain levels
with ,two-level" modeling technology
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4 Deep Model )
Real World Ontology Level Pan-level Model
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Covering multiple domain levels
multi-level modeling technology
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import Jdeep |"pathtolml_model"” as owner
import |deep |"pathtolml_model™ as supporter * Import of Deep Models using ,‘deep’
* Support for Deep Types
reactions: owner2supporter
in reaction to changes in owner] below level 1 — -
R b.'lm_,,m_,_l Restriction of changes to certain levels

reaction MewS4@@0Inserted {
after direct element owner::540@ inserted in owner at

aa -

Making Reactions Level Aware
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TOWARDS DEEP REACTIONS IN MULTI-LEVEL,

MULTI-VIEW MODELING

Thomas Weber, Arne Lange, Erik Burger, Lars Konig, Martin Armbruster A\‘(lT

Karlsruher Institut fiir Technologie

=l
Colin Atkinson, Monalisha Ojha, Mohammad Sadeghi R NIVERSLTY
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Towards Deep Reactions in Multi-Level, Mul

View Modeling

Thomas Weber Monalisha Ojha Mohammad Sadeghi
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Karlsruhe, Germany Mannheim, Germany Mannheim, Germany
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ABSTRACT
As the scale, complexity, and scope of software-intensive systems

continue to grow, so does the importance of synergistically integrat-
ing two important emerging paradigms in software

University of Mannheim
Mannheim, Germany
atkinson@uni-mannheim.de

ACM Reference Format:

‘Thomas Weber, Monalisha Ojha, Mohammad Sadeghi, Lars Konig, Martin

Armbruster, Ame Lange, Erik Burger, and Colin Atkinson. 2024. Towards

Deep Reactions in Multi-Level, Multi-View Modeling. In ACM/IEEE 27th
Model Dr d

multi-level modeling and multi-view modeling. While stable tool-
ing for both has been developed by research institutions in recent
years, to date no tool has attempted to integrate the two at a fun-
damental level. In this paper, we describe some first steps we have
taken in this direction by integrating the Virruvius V-SUM-based
multi-view environment with the Melanee multi-level modeling
environment. In particular, we show how Vitruvius's Reactions
language, which allows different models in Virsuvius V-SUMs to
be kept consistent, can be extended to support multi-level V-SUMs
and views represented in Melanee's dialect of multi-level modeling.

CCS CONCEPTS

(MODELS Companion '24), September 22-27, 2024, Linz, Austria. ACM, New
York, NY, USA, 10 pages. https://doi.org/10.1145/3652620.3688208

1 INTRODUCTION

As software systems have grown in size and complexity, and are de-

veloped as parts of integrated cyber-physical systems, it has become

increasingly important to be able to describe and model them using

interrelated collections of so-called views. View-based modeling

environments that ktep large numbers of semantically overlapping
of tent over time are therefore receiving.

« Software and its engineering — Domain specific
Specialized application languages; Application specific development
environments; - Information systems — Mediators and data inte-
gration.

KEYWORDS
Multi-level modeling, V-SUM, View-based modeling, Vitruvius,
Consistency

under a Creative Ce icense
MODELS Companion 24, September 22-27, 2024, Frogmer

© 2024 Copyright held by the owner/author(s).

ACM ISBN 979-3-4007-0622-6/24/09

hitps://doLorg/10.1145/3652620.368208

growing attention in academia and industry. Of the two basic strate-
gies for achieving inter-view consistency, the so-called projective
approach is the most promising atscale, since it reduces the number
of pairwise that need to be

[5]. However, it requires some kind of central megamodel, or Single
Underlying Model (SUM) to serve as the source of information and
truth from which the views can be projected.

The is one such envi hat supports.
the projective approach using a Virtual SUM (i.e., V- SUM) rather
than a pure, redundancy-free SUM. This obviates the daunting
challenge of creating a pure SUM in real-life software engineering
projects where it is necessary to work with and integrate, many
existing models, based on long-established and utilized metamodels.
A Virrovius V-SUM therefore facilitates the consistent connection
of multiple,
means of Consistency Preservation Rules (CPRs) written in a specially
designed Reactions language.




Differential Refinement Logic for

Hybrid Systems Consistency

Enguerrand Prebet  André Platzer
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Dynamical Systems Relations Analysis

Concept (Differential Refinement Logic) (LICS’16)
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Dynamical Systems Relations Analysis

Concept (Differential Refinement Logic) (LICS’16)
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Dynamical Systems Relations Analysis

Concept (Differential Refinement Logic) (LICS’16)
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Differential Refinement Logic dRL

Definition (Hybrid program)
a,f = x=e|?7Q| X =f(x)&Q|auUB | ;B | a*

(LICS'16)
P,Q:=e>&|-P|PAQ| |P—Q|VxP|3xP|[a]P ]| ()P | c < B

(o lalp_~ P @)
§ . plo-span @é -
ST BP P o ~,
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Differential Refinement Logic dRL

Definition (Hybrid program)
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Differential Refinement Logic dRL: Semantics

Definition (Hybrid program semantics) (['] : HP — (.7 x 7))

[x:=¢€] = {(w,v) : v=oexcept v[x] = o[e]}
[7Q] = {(0,0) : ©<[Q]}
¥ =f(x)] = {(¢(0),9(r)) : ¢ E x' = f(x) for some duration r}
[euB] = [e] UIB]
[ B] = [e] o [B]

[e] = |[oc]]* =Upen [@"] compositional semantics

Definition (dRL semantics) ([-]: Fml — @o(2))

[e<B] = {0 : {v: (o,v)ela]} S{v : (o,v) < [B]}}
[e>€] = {0 : ofe] > w[é]}
[Pl = [P
[PAQ] = [PIN[Q]
[(o)P] = [a]o[P] ={w : ve[P]forsomev: (w,v)<[a]}
[[@]P] = [{(o)=P] ={@ : ve[P]foral v: (w,v)e][a]}

Enguerrand Prebet, André Platzer (KIT)

IJCAR24 4/6
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Differential Refinement Logic: Axiomatization
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Differential Refinement Logic: Axiomatization

[<] & < B — ([e]P « [B]P)

(<) B<a— ()P« (B)P)
;0B <yd—a<yA[a]f <O

unx o < B* « [o*](a < B)

loop; a*;f < B« [a*]e; B < B

loop, o;B*<a+a;Bp<a

X' =e&P<x =k&Q
< [X' =e&P|(X' =kAQ)
Uy aUB<y+ca<yAB<y

ODE

U a<BUy+—a<Bva<y

<ta<B—a<yry<B

Enguerrand Prebet, André Platzer (KIT)

{Property via refine ]

{Refine via property ]

LICS16,lJCAR24

IJCAR24 5/6
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Takeaway: Hybrid System Refinements for Concistency

Differential refinement logic

@ Event-triggered control: Easy to verify but hard to implement
Time-triggered control: Easy to implement but hard to verify
Best of both worlds: verify event-triggered, implement time-triggered
dRL proofs identify required conditions (e.g., event invariance)
Implementation model # verification model But consistency!
Iterative design reduces risk, increases repeated effort
Hierarchical proof structuring by refinement

@ Decidable fragment for refinements via equational ODEs JACM'20
Relations o < B between hybrid systems models are as useful as properties
[a] @ of hybrid systems models. Fundamental consistency operator.
Simultaneous logical language integration is best.

LICS16,lJCAR24

Enguerrand Prebet, André Platzer (KIT) IJCAR24 6/6
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Mechanisms for consistency management across

different views, in particular: vaudaﬁonQriﬁﬁS;‘;ﬁ’ts
= Designing V-SUM metamodels and view types formalisation( )concepts
compatible with intellectual property protection
= Working concurrently on different views of a V-SUM FetmEllElie
Consistency
= Dealing with temporary inconsistencies in a V-SUM A B @
= Maintaining consistency among variants and Achieving Consisten®

versions in a V-SUM "Gineering with Gonsise"®

2 Area B @ CRC 1608 Winter-Colloguium
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Cross-Organizational Design of View Types and  Atkinson

E V-SUM Meta-Models Pretschner

BO2 Concurrent Editing and Transactionality TSR
Reussner
BO3 Recovery from Temporary Inconsistenc Herelel;
! PorY Y Ulbrich
Maintaining Consistency between Variants and mann
B04 : Burger
Versions
Schaefer

3 Area B @ CRC 1608 Winter-Colloguium
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B0O1: CROSS-ORGANIZATIONAL DESIGN OF
VIEW TYPES AND V-SUM META MODELS

V-SUM
with Access Control

Automotive

CAD @

E/E @p ‘

Architecture
Model

Mechanical Architect

E/E Topology View

Engineer

Performance
Engineer

3D Brake
Assembly View

Software
Performance View

(- .. Model

1
B o

synthesized
Performance
Model

ROS
Component
Model

Exemplary Research Question

(PREEvision)

sLam™ [Ho-ean Drive?E“
X T

r(‘ID\ S Ked
E | Palnninf;EI |—<O—{Z§ontrolle$€I | E

Autonomous Driving Software
Developer

Components View

How can V-SUM meta models and view types be defined to preserve consistency and to protect

4 Area B @ CRC 1608 Winter-Colloquium

intellectual property?



B02: CONCURRENT EDITING AND CI4INVIDE
TRANSACTIONALITY

efficient transaction execution by

transachons ‘
adaptlng transaction semantics

T1,T2, T3 : slow updates:
Syst.em conflict T3-T4 detected too late
Architect
inter-model conflict | conflict resolution between T3-T4:
/ _— reverting T3 is too expensive
conflict resolution
0 | using CS and user roles
T4 T5, T6, T7

transactions
Function
Developer

Exemplary Research Question

How can transactionality be used efficiently to preserve consistency after concurrent edits?
5 Area B @ CRC 1608 Winter-Colloquium



B0O3: RECOVERY FROM TEMPORARY INCONSISTENCY CiA/NVIDE

CRC 1608
operation
templates

I Vv- \ ‘
\./f (5 \ ~v ‘\\
continuing x 01 03 |
development — \(5 7 \5’\) '
ANNNNNNNS
6 » 07
initial temporary consistency
consistency inconsistency reestablished

Exemplary Research Question

How can abstract recovery operations leading out of a temporary model inconsistency be represented
6 Area B @ CRC 1608 Winter-Colloquium and efﬁciently sea rched for?



B04: MAINTAINING CONSISTENCY BETWEEN C{AINVIDE
VARIANTS AND VERSIONS

'f_,-’ x‘\__- e e ot
-\.L“ '-.______.-- p e 1 - " " - -
s - ey -
N N CAD ) e S
/N VIte—0 . Model ant
' Inconsistencies ' E/E - -
Architecture . -
TN = =
Variability in Time Model |- 2
[ A | t = —

ROS

Component
Madel
. __a-ﬂ' .-".
Update [ ] ® \\ ﬁ'"ra x.:
+ . e
1 Inconsistencies — '

Exemplary Research Question

How can a V-SUM capture consistency of variants and versions and support their view-based
7 Area B @ CRC 1608 Winter-Colloquium deVEIOPment?
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PERFORMANCE OF MODEL UPDATES CiA:NVIDE

CRC 1608
Architecture Model

Analysis Model

(= 5
CPRs

@
)

System Architect

(OOQQAQQO

Number of
model deltas

Code Model ]

Topology
Function Developer

‘9000

9 Area B @ CRC 1608 Winter-Colloquium



CONFLICTS AND PERFORMANCE PROBLEMS CiA:NVIDE

CRC 1608
Architec Model

AnaIy Model

(= 5
CPRs

How long does it take to apply
model deltas?

@
)

System Architect

What if two transactions conflict
and one needs to be rejected?

(OOQQAQQO

Code Model ]

Function Developer

‘9000

10 Area B @ CRC 1608 Winter-Colloquium



OUR APPROACH CiA/NVIDE

Varying the Transaction Size Varying the V-SUMM topology
One transaction, different number of model deltas [1] « Vary chain length [2]
)
(‘..‘..\ ." CPRs MM2 CPRs MM3 CPRs MM4
Different number of transactions, same number of model « Vary fan-out degree [2]
deltas [2]

(OOOOAQCCO\ (OAO\(OAO\(QAO\

References

[1] Benedikt Jutz and Thomas Weber. Scalability of Consistency Preservation in Vitruvius. 15th Symposium on Software Performance, Linz, 2024.

[2] Thomas Weber, Benedikt Jutz and Zenon Zacouris. The Influence of Granularity of Transactions on Performance In Vitruvius. 15th Symposium on Software
Performance, Linz, 2024.
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PROCEDURE AND RESULTS CiA:NVIDE

CRC 1608
Procedure Findings
Use two different V-SUM metamodels for measurements: 1. Time for applying consistency rules and number of
1. UML-Java case study [1] model deltas correspond [1]
2. Connected graph with isomorphism consistency rules [2] 2. Performance degrades with smaller transaction size [2]

Apply different types of model deltas, measure time to 3.

_ Propagating deltas is slower in a fan-out than in a
restore consistency:

chain topology [2]

1. UML models converted into model deltas [1]

2.  Multiple nodes created in one graph [2]

o

G, G,

12 Area B @ CRC 1608 Winter-Colloguium
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CONSISTENCY PRESERVING SPLE — CONTEXT CiA:NVIDE

CRC 1608

Vitruv-V-SUMM

Metamodel 2

Metamodel 1

Vitruv consistency preservation in a
model-driven world (unidirectional CPRs)

14 Area B @ CRC 1608 Winter-Colloguium



CONSISTENCY PRESERVING SPLE — CONTEXT CiA:NVIDE

Vitruv-V-SUMM

Metamodel 2

Metamodel 1

Vitruv consistency preservation in a
model-driven world (unidirectional CPRs)

15 Area B @ CRC 1608 Winter-Colloquium
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Metamodel 3
M3
M,
M,

Delta-oriented variability
in @ model-driven world



CONSISTENCY PRESERVING SPLE — PROBLEM CiA:NVIDE

CRC 1608

consistency relation

16 Area B @ CRC 1608 Winter-Colloquium



CONSISTENCY PRESERVING SPLE — PROBLEM CI4INVIDE
s,

consistency relation

broken consistency relation

17 Area B @ CRC 1608 Winter-Colloguium



CONSISTENCY PRESERVING SPLE — PROBLEM CiA:NVIDE

CRC 1608

18 Area B @ CRC 1608 Winter-Colloquium
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CONSISTENCY PRESERVING SPLE — IDEA CiA:NVIDE

CRC 1608

Vitruv-V-SUM

Idea:

Using consistency preservation
as a mechanism for
model-driven development

Advantage:

* Getting a consistent
version of model 3

* Getting a delta for further
SPLE development

19 Area B @ CRC 1608 Winter-Colloguium



CONSISTENCY PRESERVING SPLE — IDEA CiA:NVIDE

CRC 1608

Vitruv-V-SUM

Idea:

Using consistency preservation
as a mechanism for
model-driven development

Advantage:

* Getting a consistent
version of model 3

* Getting a delta for further
SPLE development
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CONSISTENCY PRESERVING SPLE — IDEA CiA:NVIDE

CRC 1608

Vitruv-V-SUM

Idea:

Using consistency preservation
as a mechanism for
model-driven development

Advantage:

* Getting a consistent
version of model 3

* Getting a delta for further
SPLE development

21 Area B @ CRC 1608 Winter-Colloguium



CONSISTENCY PRESERVING SPLE - VISION CiA:NVIDE

CRC 1608
[: TAXI :'-'-'5

@@
52

¥ 5552
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5152
O
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CONSISTENCY PRESERVING SPLE - VISION
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CONSISTENCY PRESERVING SPLE - VISION CiA:NVIDE

=0 >

@@
5y é

5552
52’1 ‘54525 5551
4.1
=
5152
o s 03,2
i, 53,,1

=0 EEwrey:

1sistency preservation simplifies delta-oriented software product line engineering.
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RESEARCH AREA C: }
ENGINEERING WITH
CONSISTENCY

Albert Albers (KIT-IPEK)
Bernhard Beckert (KIT-KASTEL), Tobias Duser (KIT-IPEK), Anne Koziolek (KIT-KASTEL),
Ralf Reussner (KIT-KASTEL), Eric Sax (KIT-ITIV), Ina Schaefer (KIT-KASTEL)

Defined generations & test ‘/ ~ \l\ 12 Submitted, accepted or

bench of braking system Working published publications
Packages in
Progress in

&
N

15 Inconsistency Situations Taxonomy regarding under-

based on Workshops MCAr eau standings in CPS-Development
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CONSISTENCY IN CROSS-GENERATIONAL CI&INVIDE
ENGINEERING OF CYBER-PHYSICAL SYSTEMS

Initial models for G,._; integrated into a V-SUM

cenarios

development G,y

I

Consistency Relations
Across System Generations

ica oftware
el P rc
rch.

ot Creo RREE
° Creo vision

1

1

1

development G,

Identify consistency relationships between J : : fime

generation G,.; to capture key features and
identify potential inconsistencies

Cameo

Create additional system generation (G,) and
analyse possible inconsistencies between

Further models added to complete system J
system generations J

system generations and develop metrics to
quantify changes

-9.,.0 .90
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CROSS-GENERATIONAL DEVELOPMENT OF THE

Ci{AINVIDE

RESEARCH PLATFORM — DEFINED GENERATIONS

XiL Require-
test bench ments

|

|

| %

: Scenarios

i G, k1

! <« Electric braking &
! el Electro-mechanical
|

|

|

|

|

|

|

|

Arch. braking Feature
XiL Require- Model

test bench ments

Physical Software

_ arch. E/E- arch.
Scenarios ‘ arch.

Logical
A A?ch. brake Feature

Model

|
|
E
Electro-mechanical !
|
|
|
|

' XiL Require-

) test bench ES
PhySICal Software
arch. E/E- arch.

arch.

.V
Scenarios

Gn+1 , K2
S| Centralised (wet)
Wl Brake-by-Wire’

Arch. System Feature
Model

Physical Software
arch.

arch. E/E-
arch.

eraft Dreview Grefine @done

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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XiL Require-
test bench ments

. Y
Scenarios

Gn+2, K1
S| Electric braking &
ez Electro-mechanical
Arch. braking

Physical Software
arch. E/E- arch.

arch.

XiL Require-
test bench ments

. Y
Scenarios

Gn+2, K2
o | Centralised (wet)

el Brake-by-Wire’
Arch. system

Physical Software
arch. E/E- arch.

arch.

XiL Require-
test bench ments

. Y
Scenarios

Gn+2, K3
o | Decentralised (‘dry’)
el Brake-by-Wire’
Arch. system

Physical Software
arch. E/E- arch.

arch.
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CROSS-GENERATIONAL DEVELOPMENT OF THE Ci&/NVIDE
RESEARCH PLATFORM — CREATING VIEWS

XiL Require-
test bench ments

XiL Require-

test bench ments

. Y
Scenarios

. Y
Scenarios

Gn+2, K1

S| Electric braking &

Gn+1, K1

|
|
|
|
|
|
|
| ~ . .
| o | Electric braking & W Electromechanical
i i Arch. braking
| Wil Electro-mechanical
I Arch. braking Feature
XiL Require- ! Vodel PhYSihcal A
test bench ments ! sl e | 5ot

: Physical

S . | STC E’Eh' SIMPLIFIED FUNCTICAN DIAGRAM FOR Gy, 4 1 Ci&NVIDE

cenarios 25 ’

v e pe— =)

o 3
interface '°.'B ; = W Mech, W Ehest Infa
T M
|

|
|
E
Electro-mechanical !
|
|
|
|

Logical !
g b I'ake Feature _. ‘Cantraling Electric motor gen:rnsin"rsfnme
. ArCh M d | porr— . L. | Dacalarata Decelerate:
ode pu;m:‘u ------- 1 [[otemine aeceterstion Ve e
XiL VFH  mrough recineration :,r_:r},?
: : L L Minimise:
. test bench ¢ "~ i et R P PE + periice
PhySICaI Software Request ! Increase Ganerse | | Clase Creste s
ar‘ch E/E === cacakration T atluating force [ Nydreubc pressune | -I brake rction [re————
: i arch. ; — - - = = ‘l |
arch. Scenarios e Whaatbs
G brake actuatars Prevent kekags
n+1 ’ K ADASICE, | gesictance Jl:l
5. Centralised ( Mt | e ) v
mimisa raises
R ety == e ]
Logical y Detemine "= Casnan
Sensory 5::::’: "
system Em rw;’rr‘\s's:s
Physical Software enarios

arch. E/E-
arch.

Gn+2, K3
o | Decentralised (‘dry’)
Logical ‘Brake-by-Wire’
Arch. system

arch.

Ddraft Dreview Grefine @done

Physical Software
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I
|
|
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I
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I
I
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I
I
|
I
I
|
|
I
I
I
| arch.

arch. E/E-
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APPLICATION OF DELTA-MODELLING USING Ci&/NVIDE
MODEL OF SGE BY ALBERS

A evolution delta >
3D Construction o 3D Construction o

Attribute =
Variation T

a

overlapping
information

consistent
information (?)

\ 4 \ 4

FE Analysis @ FE Analysis @
Principle

Variation
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CONSISTENCY IN CYBER-PHYSICAL PRODUCT LINES CiA/NVIDE

CRC 1608
Challenge & Approach Use Cases
; Build-Time: Realisability & Consistency
- f hard Are all configurations offered to the
= o variability model sok ware components ardware customer functioning after production?
A .
l derive r;! l demand provide l Product-in-Field: Update-Ability
id f' , a resources a Which product variants in field may receive
m valid configuration - ¥ e an update so that they’re still functioning?
Hardware Variability
» valid configurations can yield incompatible artefacts in solution space Which configurations would be non-
* construct & solve resource assignment problem to decide realisability functioning with evolved hardware?

Philip Ochs, Tobias Pett, and Ina Schaefer. 2024. Consistency Is Key: Can Your Product Line Realise What It Models?. In ACM/IEEE 27th International Conference on Model Driven
Engineering Languages and Systems (MODELS Companion '24), September 22-27, 2024, Linz, Austria. ACM, New York, NY, USA, 10 pages. https://doi.org/10.1145/3652620.3687812.
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STRATEGIC PROJECT C01-S Ci&:NVIDE

CRC 1608
DEVELOPMENT OF A MODEL-BASED METHOD FOR THE INSTANTIATION OF CONSISTENT AND CREDIBLE VALIDATION
ENVIRONMENTS BASED ON VALIDATION OBJECTIVES IN INTERDISCIPLINARY PRODUCT DEVELOPMENT

Electro-mechanical

ke [ Steps therefore:
« Research to find existing approaches

« Modelling and using the Brake-
System-in-the-Loop as lead example:
» Reverse Engineering to find

— requirements for the method by going
muation 42 e from existing validation instances back
/ View3) ¢ ¥ TR mode to the validation goals
S » Retrospective comparison between the
1 : vew? existing and the generated validation
instances
— v

Couping « Integration of the generated method
/ 1 y | ostem in the V-SUMM approach
A/—V \

Validation goa|S View 3 Sensors <=';:;i\\< Validation instances ® Appllcatlon & Eva|Uat|0n On the
& expected (e. g. test bench/ Brake-System-in-the-Loop, KA-
VSUMM - . RaceIng and other CPS domains
results <= = = = = = = = ——— = — simulation)

Credibility & Consistency

8 Winter Colloquium: C-Area Presentation | Albert Albers | 12.12.2024
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CROSS-GENERATIONAL DEVELOPMENT OF THE
RESEARCH PLATFORM - VALIDATION EYSTEM

i =
= 811 e

L s
A
5
5

Require-
ments

Ci{AINVIDE

CRC 1608

Brake Requirements Model

o e

Electro-mechanical

Logical brake

Arch.

Feature
Model

Physical
arch.

Software
arch.

E/E-
arch.

Powertrain
- e - -

Brake
Brake Feature Model
e Safety Equipment Type

e 5y wie, Coarr

ABS SW Architecture

ABS | AEB Traditional Braking  BrakeByWire Hybrid Braking |

Legend:

¢ Mandatory

O/ Optional

A Alternative Group
| Abstract Feature

|| Concrete Feature

Odraft Orewew Greflne @done

10
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C&C2 METHODOLOGY APPLIED - OVERVIEW

11

Problem: CAD Models do not have a lot of Semantic
Information included

Solution: Apply C&C? Methodology to generate semantic
information

Progress:
- Design of Ecore Meta Model for the C&C2 Approach
- Implementation of a custom C&C? View type

Students: Master Thesis - Automatic Generation of C&C2
Model from a CAD Model

Publication @ SSP2025: Extended Abstract is submitted
Next Steps:

« Integration of View Type into Vitruvius

- Integration of Models into Vitruvius

- Definition of Consistency Relations (next slide)

Winter Colloquium: C-Area Presentation | Albert Albers | 12.12.2024

CiAINVIDE

CRC 1608

Leitstutzstruktur

v [DRootPackage
Connector....

£ Bremsscheibel

Surface Pair (Exchange)



C&C2 METHODOLOGY APPLIED - CONSISTENCY

RELATIONS

PREEVision

2\Documents\ PREEvision\ws'demo\demo.eea)

PREEvision Architect,CP, 3T, Admin, APIV10.10 SP1 - demo (D5

File Edt Search Administration Window Help

Y - vésf..".‘::.v::_\végvé_v_‘v|-l‘

"o M= Model View () 2 T - SEEY% § =0

(2 PODSData_PODSData [16] / -;- (Sign: -

- {2 Position_ DDWPos [8] / ;- (Signa

- {3} ServoMotorCmd_MoveCmd [16] / =- (Signa
@SequotDlCmd_MaveCmd[ls] £ == (Signal

- {3 Speed Drive [2] / ;- (Signa

e}

|- (2 Speed_Speed [8] / ;- (Signa

" ﬁ\‘ State FPPWPaddlefP [3] /-;-
! State_PFPWPaddleDD (3] / ;-
- [ANgmperature_MirrorStateDD [8] / -;-
£ T aratiicm MieenrStatabD (A1 £ .en (Sianal

Existing Model
Connections

Own C&C2 Programs Leitstutzstruktur

® ® B rormaprobe

€ > C @ localhost:3000

@File YYEdit

Filter Elements Q
v [ RootPackage
Connector....

£Bremsscheibel

FAchsel

Schraubel

Schraube2

£Schraube3

Consistency
Relation

@ > Imported Root >

Requirements Software
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WHY RISK ANALYSIS & ASSESSMENT CI4INVIDE
MODELING LANGUAGE..?

e RAAML provides structured approach for safety analysis.
comprehensive| ® Supports all modern types of safety analysis (FTA, FMEA,STPA,GSN etc.)

Framework

A Standard
Language from
OoMG

* Provides support to model regulatory requirements, such as ISO 26262.

e Provides extension mechanism, can be easily integrated with other models.
customization | ® Being an extension of SysML, its compatible with existing frameworks & tools

& Integration

NS

14 Winter Colloquium: C-Area Presentation | Albert Albers | 12.12.2024

e A proven framework eliminating the need to have customized meta models. }




DEVELOPMENT PROCESS OF (RAAML BASED) SAFETY CiA:NVIDE
ANALYSIS META-MODEL CRC 1608

Step-I: Preparation
- Understand RAAML

- Choose Papyrus Platform
3

Step Il: Model Creation
-Define stereo-types and their corresponding
meta-classes.

-Use standardized notations & terminologies
S

Step Ill: Model Validation

-Model refactoring & validation

-Modularity and separation of concerns
-Version control and change management

15 Winter Colloquium: C-Area Presentation | Albert Albers | 12.12.2024



EXAMPLE- 1S026262 LIBRARY

7)) workspace-papyrus22 - RAAMLCore/model/1SO26262Library.di - Papyrus4OPCUA

CiAINVIDE

CRC 1608

File Edit Navigate Search Papyrus Project Run Window Help
_ . s o o & ri [ v % E F I
milhg B-8-@2- i @R -E-B-H-»- E % - O-Quie - - G-o-pew Q iB2e
; = B ~3 - p -~ ; - ; = - = ; : = a = a 22 =
{9 Project Explorer X # 15026262Prof .. #] 1S026262Prof... ¥ 15026262Lib... X @ STPALibrary.di # | STPALibrary.uml # FMEAProfile.... # FMEALibrary.di = GSNProfile.... # FTAProfile....
= <}===*> 7 8 «Situation» 2]
> “ ¥ FMEALibrary «Enumeration» ] Anysituation |+ from
e ) ) «ValueType»
> ?‘FMEAPrOﬁ\e.proﬁle e Causality
>~ FTALibrary = :
- (] noasslgnment S to"
v # P FTAProfile profile = am
“Ddi =a JAN
=| notation =B
=C . .
— «Situation» (7]
’Jﬁﬂ uml _ _ =D & abstractevent
> ¥ GSNProfile.profile = AB)
- #315026262Lbrary — a0 . (=] + likelihood: <Undefined> [1]
Vi = AD) ~conditions «Situation» 2] «Situation»  [#]
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=| notation = BD)
#]uml =1 €(D) ﬁl AN
> “315026262Profile.profile =1 A(A)
>~ ¥ RAAMLCoreLibrary = B(E)
% = €(C; e
> 3 RAAMLCoreProfile.profile - D((D)) N «OperationalSitation> AN
> “PRAAMLGe neralLibrary =) QmM(a) popecticecitatione K] operationaiCandition
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> “J RAAMLGeneralProfile.profi =1 QM(8) £ AbstractOperationaiSituation
N ’} STPALibraW = QM(©) [=] + Exposure: Exposure [1] AN
=] QM(D) «Situation» |
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= N = ikl
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EIE Class Diagram = Eo = Y\
> i <Package Import> UML Prir = E1
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A FIRST INCONSISTENCY WORKSHOP FROM

PRACTICE BRINGS A FIRST PERSPECTIVE

Workshop with 10 KA Racelng student members

\
Require-
ments

Physical |
arch.

A ¥

T =

Searchfield for Inconsistencies ek
during Workshop
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No. Icon Name of inconsistency Description

1 Uncertainty errors through  Inconsistency occurred in modeling (e.g.,
the transfer of models Computer-Aided Design and Computational

0 O O Fluid Dynamics models), and the transferability
=% of modeling results to reality

2 Parallel development of Inconsistency occurred between the results of

T T different models the different sub-teams, as individual modules
were developed independently of each other

3 Independent development  Sub-teams developed subsystems

N @ independently of each other, sometimes without
@.* any knowledge of the dependencies of other
subsystems.

4 Knowledge loss Inconsistency occurred due to loss of
knowledge (e.g., specific parameters in a
model). Especially in a constantly changing
engineering environment such as long-term
student-driven development projects.

5 Unstructured Inconsistency occurred due to unstructured

communication communication between team members and
information discrepancies.

6 Differences in targets and  Inconsistency occurred due to different target
requirements and requirements documentation between the
documentation developer and manufacturer from another

branch (e.g., no data sheets available).

7 Incorrect models Inconsistency occurred due to errors in the
creation of a model. The new model is based on
an incorrect or outdated model. Hence the
solution does not meet the requirements and
target specifications.

8 Different milestones Inconsistency occurred due to unsynchronized

development cycles and schedules (e.g., sub-
team A is still in development and wants to
make changes, that affect other sub-teams.
Whereas, sub-team B already reached the next
milestone).




INCONSISTENCY SITUATION DESCRIPTION: C{AINVIDE
TEMPLATE TO ENABLE PRACTITIONERS INPUT

Informationen zum Umfeld der Inkonsister

Frperermy

Development Environment, Development
Inconsistency Environment State, Development Activities, Level of

Agility, Process Models

Inconsistency Configuration of Models,
Tools, Product Generation, Share of new
development

Inconsistency Situation

2 . . I [ R
Inconsistency Characteristics nconsistency Symptoms, Reoccurance,
problem situation

Inconsistency Results and

Measures and impact after inconsistency
Learnings observation, discovery, need for support

There are a total of 15 interviews planned. Currently, 9 interviews (Automotive: 3 OEM and 1 Tier 1 supplier, Industrial: 1
OEM) have been conducted. If you have any other interesting contacts in the industry, please share them with us so that

we can have greater interdisciplinarity in the interviews
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