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Overview SmartSE Project —
Project phase 6: Mission and Work Packages l prostep vir

25+ project participants

Mission Phase 6 (2025-2027)

ao asHc  BMW. @) {esewe () BOSCH Enabling collaborative development and validation of complex

soessnar DENSO dSPACE ‘em XXt Bt Y products by simulation in networks and along multi-tier supply
= it , chains.

I e P|D|Tec waostzr ENEQ ggteen  Siemens oo

sTerunnTis TOSHIBA ’\_v/\ virtwal @) vehicie m
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Stand: 2025

SmartSE Project Organization Processes

wpP1

Methods

Blueprint and Building
,,Simulation ,,Dealing with »Modelling &
Credibility & Abstraction & Simulation Blocks for a ta{’ 9 efed
Traceability* Modeling*“ Standards for standardization

V-ECUs*“

WP4 , Standardization, Show Cases & Demonstrators*
Cross WP Topics: Seaml,
. SW-defined pararer;aeTriizsﬁon SysML to Domain
System Simulation

Information

Data Formats

The initiation, development and industrialization of standards in the field of model-based and
cross-company development is an important part of the work of the SmartSE project group.
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Traceability and Support of Simulation & Modeling using SSP-Traceability e—
Building blocks to support Credibility and Traceability of Simulation & Modeling

prostep Ivip

=T “Credible simulation Simulation Credibility

roduc! avel 5

o 2 R f' process framework™ Assessment o “Simulation Credibility
Structure of the simulation, Bottom-up approach to (Quick)-Check”
modeling process with align simulation credibility. (long-term =» Assessment)

interfaces to project
management (simulation
request).

Processes

Methods

Information

Data Formats Data Formats

SSP-traceability
Standard as SSP

Metadata
MIC-Core metadata ( ”‘"')

. Metadata Metadata
as standard for basic Simulation Task Credibiity Queck

information for metadata

for models. " - 8 standard layer to
S aene e T, SGection Ytewts T — «=  SUPOIt traceability
Extension for simulation T ( Motscats T = - \ e and exchange in
task & request R N\ Mic-Core L heterogeneous
metadata. ) - environments.
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Credibility and Traceability of Simulation as an Enabler for Virtualization “—
Process framework for Support of Simulation & Modeling l prostep ie

Process hierarchy with
clear information
structuring

Product Development Process Product Life-Cycle
A with thousands of (Design & Release) based on physical tests, calculations or ;

S b u®

-
* Sub-processes can be STs Credible Decision Process Credible Decision
integrated into specific SISz e Process
28~ erform ‘ 2 : -
company processes £ % SuUb-Process: in Engineering
* Clear assignment of '
> s ax ap ar 2 avus] Roquest IR N Noivey | o B E ms m e e e e e i
responsibilities :
> & Credible Simulation Process- CSP Credible Simulation
S m \ Execute \ Process
E = e / Simulation
= o Baalsasy
- 2
Meetings for alignment g
“Ri D 23
Big Picture and core 5 < Credible Modeling
terms” g Process
7
- - Model Types
as basis for domain Ovcmory ortennid Nowiadli paieat $W Function £CU, chginal W
s ag s=ga modeling modeling
SpeleIC Credlblllty Range of Mode's [ - < D £ _ G H
standards. 4 used for Simulation ool M [5S E;ﬁ -] 3 [ _] | & ; .
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Credibility and Traceability of Simulation as an Enabler for Virtualization “—
Process framework for Support of Simulation & Modeling l prostep ie

Process hierarchy with P Life-Cvel

clear information Product Development Process roduct Life-Cycle
. with thousands of (Design & Release) based on physical tests, caiculations or

structuring ¥

Product and
decision related
level

e
. ~_Sl;b-Pl‘ ctacss_stes can ’::f q Credible Decision Process Credible Decision
integrated into specific Process
I Perf. N
company processes \— e \ in Engineering

Sub-Pror~-

* Clear assignment of
responsibilities

!

Credible Simulation Process- CSP Credible Simulation
: : \ Execute \| Process

Meetings for alignment

113 H H - . ) )
A AT I et Credible Modeling Process Credible Modeling
terms .-\-\ \ Process
- - Model Types
as basis for domain Ovcmory ortennid Nowiadli paieat $W Function £CU, chginal W
modeling modeling

Simulation and modelling
related level

- A
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®
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specific credibility Range of Models : 0 - e - -
standards. used for Simulation - ENE a5
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Traceability and Support of Simulation & Modeling using SSP @pe, ] ==
Modeling Process (Status quo) SEAL’NG | prostep 1vie

Weak Points

» Mismatch of interface, parameter
specification to implementation in
simulation tool

» Copy / Paste errors

» Inconsistent versions, content of
requirement & design
specification and documentation

» High review efforts

» Often no single source of truth

Analysis Requirements Design Implementation * No Traceability => No Credibility
1. 2. gt 4.
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Traceability and Support of Simulation & Modeling using SSP —
Approach for Credible Modeling l prostep wie

Credible Modeling Process (CMP) Three level approach
mp emen tation Fulﬂlmen * Process

: * Data
Analyze the Define Define Desian Specification Implemem LYCE W \ Decide about Fulflll
Modeling Task Modeling e Mod%lmp Setu Quality for ment of Modeling (] Workﬂ OWS
& Objechves Requurements g P Modeling Setup Objectives

Benefits

» Well-defined process to convey
information in a structured manner

» Use of SSP for efficient model
exchange

Data

» Use of SSP Traceability to store
and exchange process information
in a standardized form

» Easy to use via workflows based

(7))

% on common formats (Markdown,

e YAML)

‘;’ » Automatic process & model
documentation

» Data exchange via SSP package
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Traceability and Support of Simulation & Modeling using SSP —
Open Standards for Efficient Data Exchange l prostep ivip

Use of SSP 2.0, SSP Traceability and Modelica enables efficient data exchange and development, e.g. via automatic
interface and parameter propagation (investigations with easySSP & Dymola, prototypical release E.2024)

Component Definition Ssp System Siruciirs Component Implementation

“

.

Comm t
1 3 = Tar e = el
T s R S S DCPM _electric g ]| m s
[ | Parametess

ST | e [ D o

o [ e Nes Mator constant
fotiert ke electric_model
plac M elecs jel

& Parameterization

Ihterface

Parametrization

TOOI A eXIxce"ent = o oy 5 TOOI B > o
(EasySSP) solutions (Dymola) pSSUSTEMES
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Traceability and Support of Simulation & Modeling using SSP
Open Standards for Efficient Data Exchange

ﬁ
prostep vip

Use of SSP 2.0, SSP Traceability and Modelica enables efficient data exchange and development, e.g. via automatic
interface and parameter propagation (investigations with easySSP & Dymola in progress)

Requirement
Specification

Design
Specification

Tool A
(EasySSP)
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Exchange using
SSP 2.0 features

arameterization

Simulation

Implementation
&Testing

(Dymola)

A

Exchange using
SSP 2.0 features

& Parameterization

Documentation

Tool A
(EasySSP)
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Traceability and Support of Simulation & Modeling using SSP —
Open Standards for Efficient Data Exchange l prostep wie

Requirement Design Impl tati Simulation .
Specification Specification B &Testing Doctimentation
=
gt~ e - = [ Development Process
) + Itis not a waterfall
E — * ltis an iterative process over time
EET =T
ot — —_—— r. M » All the process phases gain more
c : : . . . :
information in parallel with feedback
2 = -\ > > g
a * There is a logical ordering i.e.
L) design specification is based on
‘;’ — — requirements
[
o I These must be supported by tools
—f and standards
-> -\ = ->
v

Logical order, traceability
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Traceability and Support of Simulation & Modeling using SSP —
Demo of Current Status prostep ie

Dotei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe - o x
=2 orchideo | easySSP - Theeasy ¢ X | + v
il O D htps easy-ssp.com Rty Q. Suchen ® 5 =

8] Lesezeichen importier.. () Zeiterfassung ® SmantRecruiters [B CoC Sim. B CoC Sim. share 3 jmaas simconnect EJRVP = DA € DA Github @D scem €3 SWlicenses >

2-B Diese Seite ist auch auf Deutsch verfigbar

[F =k =r =v mo 4@

C:cmp_workflow

5 C:\Users\Publicidemol\cmp_workflow BN |
£ Name : Ste Auto Mg ,;.ﬂ'
D‘c.l'm,wollcﬂow.sso 208 kB g
f
=2 j
orchideo | easySSP 4 -
t
|
Developing and simulating complex systems j
architectures
o
3=

.

~
59 1/1 Object(s) selected 208KkB 22.11.202414:59:12 A (Free 29,37 GB)

p_workflow\
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Traceability and Support of Simulation & Modeling using SSP

Outlook

H
prostep vip

Workflow editor (EasySSP)

SSp

e Credible Modeling Process (CMP)
with credibility assessment CcM

3

System Structure
& Parameterization 26 Grsmspec Hodeim

+ credibility assessment

—>

Workflow Al
_editor _ assistant

e Al for CMP
System Definition
e CMP for System = 3 B

>

Tool A (EasySSP) ex|Xcellent

solutions
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Traceability and Support of Simulation & Modeling using SSP
Agenda

ﬁ
prostep vie

e Status of standardisation of metadata for modeling & simulation
e Usage of metadata and SSP-traceability for traceability and reuse

e Summary
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Traceability and Support of Simulation & Modeling using SSP —
Need of Standards for Model & Simulation Meta Data l prostep ivip

|15 Information Package
& +  CBCXDVXCV
o . XVXVXCVVXV

- BRKREE
l IV 0) 74

For the exchange, collaboration, traceability we need
standardized information, metadata

p
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Traceability and Support of Simulation & Modeling using SSP —
Standard for Model Meta Data l prostep vip

S [z, 7] ! § The standards from

: 5 ‘A -‘ x 3 z‘ 5 - -
MIC-Core Standard S E- s|| ~& ﬁg j E §§ 3 these organizations
for Model Meta Data ! — 9 '-g- D% § o i & are input for alignment
“Model Identity Card (MIC)” e >33 T [== Nil| | @

The MIC-Core specification
is a free standard that defines
a set of harmonized model

MIC Core V1.0 released
Attributes for Model Meta Data July 2023

i.e. Model name, Release, ldentifier,..

Examples of JAMBE

meta data attributes. Itis
developed by IRT SystemX -
& prostep SmartSE. ’ET g

gan ot NodehBued Engitengeeier

LOTA

)

~N— N "

Fully  Fully aligned & Alignment Alignment
aligned usage in 2024 ©ongoing  July 2025

preet
a0 S
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Traceability and Support of Simulation & Modeling using SSP

Standard for Model Meta Data

The MIC Core specification is a free
standard that defines a set of
harmonized model meta data
attributes that meta-data standards
can adopt to avoid ambiguity and
incompatibility in common attributes
across domains and standards.

The focus is on a core set of
metadata required for traceability
and basic information on whether
the model is usable for the
intended application

© prostep ivip e.V. 6 September 2025
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~

MIC-Core harmonized

d

Standard
Model
Metadata

Model Metadata

MIC-Core

Model name

Fully aligned

qule’r’ﬁ x

SETHLevel

LOTAR

General
information.Name

model.name

Model name

modelName

Release

model.version

General
information. Version

Model version

baselineProduct|D

Legal restriction

model use-
restrictions

General
information.License

Legal restriction

distributionMarking

Model purpose

model.purpose

modeling.
information

Model purpose

modelPurpose

V&V procedure
and criteria

model.validation.
concept

V&V.Test.Method

Validation scenario

validationScenariol D

specific

Version History

Requirements

Solver name Solver
Step Interval
sensor.version
Ports.Variable. Type InputOutput

Valid parameters
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Core Metadata for Simulation Task & Request ~—
SRMD Data Format and MIC Core Standard for Model Metadata prostep i

An implementation of the MIC- Implementation of MIC-Core in the SRMD metadata format
Core Specification in the SRMD Introduction
Standard is al ready avai Iable . In the following. an exemplary implementation of the MIC-Core standard into the SRMD metadata format will be shown. The SRMD (Simulation

Resoure Meta Data) metadata format is a subset of the SSP traceability STMD (Simulation Task Meta Data) format. These formats are part of the
M t d t Modelica Association Project SSP (System Structuring and Parametrization). The SRMD format allows to specify any metadata, attributes in the form
etadata of key value pairs. The format description also specifies where this metadata file should be stored in an FMU or SSP (link to SSP traceability).

MIC-Core
Maping of MIC-Core attributes to the SRMD format

Slm Ulatlon ReSOU rce Meta Data The following table shows the implementation. In the first column the attributes defined in the MIC core are listed. The second column lists the

conversion of the attribute names to SRMD. For easier machine processability. clustering via presented terms separated by period is used here. No

(SRM D) fo rm at is pa rt Of the spaces are used. In column 3 an abbreviated explanation of the attributes is listed
MOde”Ca SSP-TraCGability MIC-Core Name SRMD Mapping Short Explanation

standard e . Human-readable way of referring to the model. Usually
Model name administrative-data.model.name }
short and clear. Not necessarily unique

Model identifier administrative-data.model.identifier Unique identifier for the model.

Human-readable, textual, general overview. Highlights

Model description administrative-data.model.description ) i )
NOW Sa me a pproach for Metadata important information about the model.
Model s e sdrinistrativesdatamodels Jier The responsible body and, if applicable, organizational unit
i ive- X ¢ I
for pp ! v i within the body, that is responsible for supplying the model.
Metadata Model confidentiality level administrative-data.model.confidentiality-level Protection level to apply to the model.
i i Defines the rules governing the distribution and usage of
SImUIatlon Req' Metadata Legal restriction administrative-data.legal-restriction 9 9 9

the simulation model, including licensing,

Simulation Task

Unigue identifier, preferably human-readable (i.e.
Release administrative-data.release semantically meaningfull), for the release of a particular

Collection and aligning Metadata shlaton el

Date, and possibly time and timezone, of the release of a

Release date administrative-data.release.date
simulation model. Must respect ISO 8601.

Release type administrative-data.release.type Relates to the maturity of the model.
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Traceability and Support of Simulation & Modeling using SSP-Traceability e—
Building blocks to support Credibility and Traceability of Simulation & Modeling

prostep Ivip

=T “Credible simulation Simulation Credibility

roduc! avel 5

o 2 R f' process framework™ Assessment o “Simulation Credibility
Structure of the simulation, Bottom-up approach to (Quick)-Check”
modeling process with align simulation credibility. (long-term =» Assessment)

interfaces to project
management (simulation
request).

Processes

Methods

Information

Data Formats Data Formats

SSP-traceability
Standard as SSP

Metadata
MIC-Core metadata ( ”‘"')

. Metadata Metadata
as standard for basic Simulation Task Credibiity Queck

information for metadata

for models. " - 8 standard layer to
S aene e T, SGection Ytewts T — «=  SUPOIt traceability
Extension for simulation T ( Motscats T = - \ e and exchange in
task & request R N\ Mic-Core L heterogeneous
metadata. ) - environments.
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Traceability of Simulation & Modeling as an Enabler for Virtualization ~—
Usage of aligned Metadata for M&S Tasks and Requests T

Alignment of Metadata
and Semantics )

Building Blocks for cross-
company simulation-based
engineering

2
ter
ility fulfilled

Task fulfilled
5

One consistent
set of Metadata
and information

Credible Modeling Process (CMP) _/

The M&S Metadata together with the CSP gives a structured, standardized set
of Metadata for simulation and modeling tasks

© prostep ivip e.V. 6 September 2025
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Traceability of Simulation & Modeling as an Enabler for Virtualization “—
Metadata needed for basic Traceability l SrOSAD B

Could be
provided by

Must be provided
by Simulation

by customer, Project

[Should be provided

Management Tool Simulation Tool Engineer, User
Challenges Often no traceable Reduce effort user
for connection to for user, (\ ) acceptance
Traceability ordering project acceptance

Administrative & Project Used Tools,
Context Information Elements

ter

mmmmmm
s(ISISISIE] 2 %

Metadata

mmmmm

Used Param

3 For traceability

" consistent set of
Metadata and
information is

needed

Decisior
Fulfillment

Credible Simulat?o;\ Process or
Credible Modeling Process (CMP) _/

The M&S Metadata together with the CSP/CMP gives a structured, standardized
set of Metadata for simulation and modeling tasks
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Traceability of Simulation & Modeling as an Enabler for Virtualization

Metadata needed for basic Traceability

Should be provided
by customer, Project
Management Tool

Could be
provided by
Simulation Tool

Must be provided
by Simulation
Engineer, User

Ordering Project Administration Project
. . Data) Management
Simulation Task Name (Da Tool
£ 8|8 é ; R N ) % -
2 g s HEEEIEEE Item under Test
Metadata |3 i HEEEEEE Project
'g 3 = 8|8 3|58 3|3 . Simulation Objective  Analysis Management
e sle ____ L > Tool
S Quality/Cred. Criterion
== ; ke ! 1 f: - Used Model, Version
cae i Testcase), AnfooRbxecution  {Resus o e o Execution Simulation Tool
= e ﬂ?ﬁﬂlﬁﬁfc 3\ g rp Used Tool, Version
S L ot T P
~ / Task fulfilled
o . o Simulation/
Credlble SImUIatlon Process (CSP) or Credibility fulfilled Fulfillment Modeling Task
° ° supporting Tool
Credible Modeling Process (CMP) Objectives fulfilled

Set of Metadata for basic Traceability

Metadata Sim.Task Provided
Phase by

Tool
Tool
Tool
User
User
Tool
Tool
User
User

User

ﬁ
prostep vip

Tools that already
or in 2026 will
support:

Dymola, easySSP,
Model.CONNECT,
FMI Bench,

IPG CarMaker,...

WV

Minimal set of Metadata that is needed for basic traceability, search and reuse
« Can be used as a starting point for implementation of these funcionalities
Important in this approach: Availability of data and user acceptance

© prostep ivip e.V. 6 September 2025
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Traceability of Simulation & Modeling as an Enabler for Virtualization “—
Metadata needed for (basic) Traceability l Brostap NIE

) (Mustbe provided
by Simulation
Engineer, User

Could be
provided by
Simulation TooL

Information, Metadata
provided by Simulation Tool

by customer, Project
Management Tool

Should be provided ]

N\
] Simulation Tool, Can be
Metadata |zji#d -
it Basic Metadata Version & Model standardized
Name, Version provided
! ;;;;;i PSS p \ g , i E
Credible Simulation ProcL‘ess CSP N\ .
: ) Simulation Extended relevant Parameters, | Use Case specific,
Set of Metadata for basic Traceability Tool Metadata & Test cases, Solver no general
Sim.Task Provided . : i7ati
Ordering Project Administration Project Tool 7
s i L 1 Use case specific extraction (Al support possible)
Item under Test Tool
Project N are
Simu-lnﬂon Objective  Analysis _ll\_n:or:agemem :}ser . : \ Allin forma S5 TEE d, IOOrC::] Z[;segflsiriiii o
Used Model, Version EXECUtIon happened during basis for dee '
Execution Simulation Tool . .
Used Tool, Version Dump” Slmulat|0n anaIyzation p
Credibility fulfilled Fulfillment azﬁ:;n'}ask User
supporting Tool

Objectives fulfilled User

Basic Metadata can be standardized and provided by Simulation Tools
Extended Metadata are Usecase specific, only support in generation possible
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Traceability of Simulation & Modeling as an Enabler for Virtualization ~—
Metadata needed for basic Traceability Brostan A

Set of Metadata for basic Traceability

Use cases for basic Traceability
_ _ _ _ _ Metadata Sim.Task Provided
» | am looking for the corresponding simulations for a project Phase by

» For which applications was Model Z used? SRS SR Aomiriiation YRS oo
_ _ _ _ ) _ Simulation Task Name (Data) Tool Tool
* In which simulations was a tool used in Version X with models of
. Item under Test Tool
Version Y Project
Simulation Objective Analysis Management User
. . N . . . . Tool
Which existing simulation settings can possibly be used as a Quality/Cred. Criterion Usor
. . o
template for L SlmU|at|0n taSk ’ Should be provided Could be Must be provided Used Model, Version Tool
Qﬂer, Proiect] [i‘idsd by ] by Simulation Execution Simulation Tool
* .. Management Tool Simulation Tool Engineer, User Used Tool, Version Tool
) Task fulfilled User
Metadata (3 Simulation/
i Credibility fulfilled Fulfillment Modeling Task User
supporting Tool
Objectives fulfilled User

Basic traceability use cases are applications that serve for basic search, pre-
selection, overview, and narrowing.
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Traceability of Simulation & Modeling as an Enabler for Virtualization

Usage of Meta Data of Simulation & Modeling Task

Search

Metadata Sets of
Simulation & Modeling Tasks

Gl e

Evaluation

in which simulation/modeling
tasks was element used

is the same or similar context
of use

Used Tool 2

Reuse

Metadata Sets of
Modelin

AL R !
i fifillif3 1l Ul &
I

g Tasks

' Credible-Simulation Proc

ess |
=1 + - = |

a

I prostep Ivie

Building Blocks for cross-
company simulation-based
engineering

Evaluation for Reuse of similar
Simulation & Modeling Task

Evaluation for best mapping

Evaluation of differences, missing
aspects

Usage of aligned Building Blocks allows search and supports reuse without
further effort and minimal maintenance

© prostep ivip e.V. 6 September 2025
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Traceability and Support of Simulation & Modeling using SSP
Summary

* Importance of the alignment of the SmartSE GlueParticle Building Blocks

Process

» Credible Modeling using Credible Modeling Process +
SSP-Traceability Layered Standard

* Achieve traceability, seamless documentation,
model exchange

Data

* Importance of process structures and aligned metadata for ,,;::;f:;;;'::;;;:; p:;,",;:g:, ] M:;‘;;z:;;:’:d]
implementation of traceability, search and reuse T”' — N —

 Usage of Modelica SSP-standard and Metadta
the SSP-traceability layered standard

Crednble Simulation Process (CSP)

» Already tool support available and industrial application

© prostep ivip e.V. 6 September 2025

Set of Metadata for basic Traceability

e sun Task valdad

Srsleriy Frvect Administration

Simulation Task Name ~ (Dal)

Item under Test
Simulation Objective  Analysis
Quality/Cred. Criterion
Used Model, Version

Execution
Used Tool, Version
Task fulfilled
Credibility fulfilled Fulfilment
Objectives fulfilled

Managemenl

Project
Management
Tool

Simulation Tool

Simulation/
Modeling Task
supporting Tool

Tool
Tool
User
User
Tool
Tool
User

User

User

I prostep vip
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Thank you

for your attention
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Traceability of Simulation& Modeling as an Enabler for Virtualization

Metadata needed for (basic) Traceability

Information, Metadata
provided by Simulation Tool)

Simulation Tool,
Version & Model
Name, Version

Basic Metadata

X
- \
Simulation Extended relevant Parameters,
Metadata & Test cases, Solver
Tool Information settings,...

1 Use case specific extraction

N

» X All information used,
Execution happened during
Dump” simulation

Can be
standardized
provided

Use Case specific,
no general
standardization

Tool specific data
formats & structures,
basis for deep
analyzation

I prostep Ivie

Basic Metadata can be standardized and provided by Simulation Tools
Extended Metadata are Usecase specific, only support in generation possible

© prostep ivip e.V. 6 September 2025
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Traceability of Simulation& Modeling as an Enabler for Virtualization ~—
Metadata needed for basic Traceability Brostan A

Set of Metadata for basic Traceability

Metadata Metadata Sim.Task Provided
Simulation Modeling Phase by

Should be provided
by customer, Project
Management Tool

Could be
provided by
Simulation Tool

Must be provided
by Simulation
Engineer, User

Ordering Project Ordering Project Administration Project Tool
D Management
2 N Simulation Task Name Modeling Task Name (Data) Tool
5| SiSl=(l=l=/ 5[l 3
Metadata 3 5 22 I § e 2 Item under Test Item Modeled Tool
3333358 I3 Project
HIE S B B R E = Simulation Objective ~ Modeling Objective Analysis Management User
Credible Simulation Process Tool
Lamin Quality/Cred. Criterion Quality/Cred. Criterion User
Used Model, Version Used Model, Version . StalEdten Tool
Execution Tool
: Used Tool, Version Used Tool, Version OO Tool
. . — Task fulfilled Task fulfilled User
Credible Simulation Process (CSP) or Simulation/
, . Credibility fulfilled Credibility fulfilled Fulfillment Modeling Task User
supporting Tool
Credlble MOdellng ProceSS (CMP) Objectives fulfilled Objectives fulfilled User

Minimal set of Metadata that is needed for basic traceability, search and reuse
« Can be used as a starting point for implementation of these functionalities
Important in this approach: Availability of data and user acceptance
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