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Abstract

The first system modeling language SysML v1 has been published in 2007 based on UML. Since, it has obtained wide recognition in
the field. SysML has substantially contributed to establish the discipline and to the maturity of systems engineering in practice. In
2017 it has been decided to develop SysML v2 based on experience made, which will be published in 2025. What is new and what
is the benefit? The presentation also covers two related OMG standard initiatives System Modeling APl and CASCaDE. The latter
addresses collaboration in the whole product lifecycle using a graph-native approach. So far independent data formats widely used
in practice, including ReglF, SysML, STEP, FMI/SSP and others will be integrated to an overarching knowledge graph using a
common ontology. Applications include model-based acquisition and long-term archiving. Work on CASCaDE has just begun, but
there are powerful predecessor technologies to draw upon.

Author: Dr. Oskar v. Dungern studied Electrical Engineering and did research on Autonomous Operations in Industrial Engineering.
Working for an international systems and service provider in IT, he learnt and was given responsibility to professionally specify and
develop software in customer projects. As CTO of a listed software company he re-oriented the product strategy to open-systems
and acquired several software-startups. Later he consulted industral firms in the fields of Systems Engineering and Enterprise
Architecture. In 2014 he has joined GfSE, the German chapter of INCOSE, and since 2024 is one of the main contributors to project
CASCaDE to submit an OMG standard for a comprehensive knowledge-graph of product information to support collaboration
along the product lifecycle.
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Agenda

SysML v1 (2007-2024)
SysML v2 (2025-..)
Systems Modeling APl and Services

CASCaDE: Product Lifecycle Collaboration (submission in preparation)
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Looking into the future ...
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Systems Engineering in Mechatronics
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Need an overarching method and notation
to describe system structure and behavior

Compare design alternatives
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Model-based Systems Engineering (MBSE)

* Systems Engineering is a transdisciplinary and integrative approach to enable the successful realization, use, and
retirement of engineered systems, using systems principles and concepts, and scientific, technological, and
management methods. (source)

* Modeling serves to make concepts concrete and formal, enhance quality, productivity, documentation, and
innovation, as well as to reduce the cost and risk of systems development. (source)

* From document-based to artefact-based engineering.

* Bring information from different sources (“silos”) into a common context (“single source of truth”).
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The construction industry uses Building Information Modeling (BIM)
- the manufacturing industry has nothing comparable yet

The savings come from:

6

Integration

Simple visualization for complex information
Reduced Processing time

Efficiencies in distribution and management
Single version of the truth

Fully electronic processes

Remove paper and scanning

Removal of non value add work

Fast access to information in context

Automation and tracking of critical information

Maintenance

Many BIM Touch Points
Team

* Parts list
Document Controller + Maintenance
* Build agreed structure from templates [P instructions

e Ensure quality and consistency

Construction Team
* Review and approve submissions
* Confirm as built not as designed

Technical Author
* Content creation,
upload, modify after

Facilities
Management
* Integration with the Help

Desk

* Asset service schedules
* Performance criteria

Customer Team
* Project soft landing
* Fully documented

Delivery Team
* Tie commissioning and
performance data to the as

feedback * Review status & progress build 3D model

Source: Matthews, Jason: Delivering Operational Efficiency in the Construction Industry
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BIM — All disciplines/trades work in a common context
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GfSk
€ sysML v1 (2007-2024)

mmm Object MODE
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Management LANGU

The Systems Modeling Language v1 was a major milestone to establish a common
modeling language and notation for systems engineering on a world-wide basis.
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SysML v1 Diagram Types

1. Structure 2. Behavior
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3. Requirements 4. Parametrics

Mote that the Package and Use Case diagrame are not shown in this example, but are respectively pam of the structure and behavior pillars
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SysML v1 Example: Small Autonomous Vehicle

Search, navigate and audit in a common context

v & SpeclF Modelntegratorand - X+

€« 2> C 0

Small Autonomous Vehicle

M Document & Relations Q Filter

Small Autonomous Veehicle ¥
Requirements »
Functional Layer ¥

[Functional Decomposition) |
Brake in an Emergency
Set Speed

Turn Right

Set Radius

Navigate

Calculate Accelerations
Turn Left

Drive to Target

Set Acceleration Left
Select an adequate Speed
Set Acceleration Right
Follow the Road

Apply Brake

~

Logical Layer »
Model Elements (Glossary) ¥
Apply Brake
Body
Brake in an Emergency
Calculate Accelerations
Chassis

All Model-diagrams

ol Reports
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All Model-elements
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Notation SysML Block Definition Diagram

a

v # SpeclF Model-Integrator and £ X
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[ Document & Relations

Small Autonomous Vehicle ¥
Requirements »
Functional Layer ¥

Functional Decomposition
Brake in an Emergency

Set Speed

Turn Right

Set Radius

Navigate

Calculate Accelerations
Turn Left

Drive to Target

Set Acceleration Left
Select an adequate Speed

~  # SpedFModelintegratorand B X +

« > C 0

Small Autonomous Vehicle

M Document & Relations Q Filter a1l Reports

Set Acceleration Right G

Follow the Road
Apply Brake ~

~

Logical Layer »

Apply Brake

Body Y Body
Brake in an Emergency

Calculate Accelerations

Caollision Alarm Sensor
continue_driving!

Controller

Controller State Machine
Defining Target

Defining Target—Navigating
Drive Left

Drive Right

Drive to Target
emergency_brake!

entry

entry

entry—Defining Target
entry—off

trajectory.

Y Chassis
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2 Model Elements (Glossary)

¥r Apply Brake
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¢ continue_driving!
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Follow the Road
Apply Brake
Logical Layer »
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Apply Brake
Body
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Take the vehicle to a full stop in the shortest time possible without loosing control over the

Small Autonomous Vehicle

QFilter il Reports.

a Double-click a resource to navigate:
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[ Export ©

All Relations
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Maturity
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A tolerance A capacitor
is a tolerance is a capacitor
is a tolerance is a capacitor

Terminology / Ontology ?
Unambiguous choices when modeling ?

How much must be explained in addition to the model ?

OMG Standards for Systems Engineering

bdd [Model] tem Flow End Compatibilty [ kem Flow End Compatibility lJ

ablocks
Context
parts
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: WaterHeater
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- Fluid
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© sysMLv2 (2025 ...)

OMG

mmm Object
Management
Group.

The next generation modeling language and notation for systems engineering is more
consistent and easier to use.
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Simple Vehicle Model
SysML v2 Textual and Graphical Syntax

—

=

part vehicle{
attribute mass = engine.mass+transmission.mass;
perform providePower;
part engine{
attribute mass;
port torqueOutPort;
perform providePower.generateTorque;
}
part transmission{
attribute mass;
port torquelnPort;
perform providePower.amplifyTorque;

}

connect engine.torquelQutPort to transmission.torquelnPort;
}
action providePower{

action generateTorgue;

action amplifyTorque;

-
«part»
vehicle
attributes
mass = engine.mass+ransmission.mass
connections

noname connect engine_torqueOutPort to
transmission torquelnPort

parts
engine
transmission

perform actions
providePower: =

VehicleConfig_1::providePower

«part»

vehicle
«part» «part»
engine transmission
torqueQutPort torquelnPort

wactions
providePower

s

«action»
amplifyTorque

waction»
enerateTorque
i

Source: Friedenthal: SysML v2 Basics

Copyright © 2019-2024 by Sanford Friedenthal

28 January, 2024
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Comparing SysML v2 with SysML va

Detailed Explanation: https://www.youtube.com/watch?v=FXBlwmw5dEQ

¢ Simpler to learn and use * More expressive
O Systems engineering concepts designed into O Variant modeling
metamodel versus added-on O Analysis case
O Consistent application of definition and o Trade-off analysis

usage pattern O Individuals, snapshots, time slices

O More consistent ferminology O More robust quantitative properties (e.g., vectors, ..)

O Ability to decompose parts, actions, O Simple geometry

O More flexible model organization with 0 Query/filter expressions
package filters
. O Metadata
* More precise .
* More extensible
O Textual syntax and expression language
O Simpler language extension capability
O Formal semantic grounding
. ] = Based on model libraries
O Requirements as constraints .
* More interoperable

@) S’randc:rdized AP' Source: Friedenthal: SysML v2 Introduction

20 March, 2025



http://www.omg.org/cgi-bin/doc?syseng/2025-03-04
https://www.youtube.com/watch?v=FXBlwmw5dEQ

SST Public Repositories
Current Release: 2023-11

®* Monthly release repository
O https://github.com/Systems-Modeling/SysML-v2-Release

® Release content

O Specification documents (for KerML, SysML and API)
Training material for SysML textual notation
Training material for SysML graphical notation
Example models (in textual notation)

Pilot implementation
= Installer for Jupyter tooling

O 0 O O

= Installation site for Eclipse plug-in
O Web access to prototype repository via SysML v2 API
O Web access to Tom Sawyer visualization tooling
e (Open-source repositories
O https://github.com/Systems-Modeling

* Google group for comments and questions

O https://groups.google.com/g/SysML-v2-Release
(to request membership, provide name, affiliation and interest)

Source: Friedenthal: SysML v2 Basics

Copyright © 2019-2024 by Sanford Friedenthal 28 January, 2024
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oMo

mmm  Systems

Future of Systems Modeling Systems

Rich Simulation Advanced External
Modeling and Analysis Visualization Interfaces
— . / Requirements -\
] Management
= E— Product Lifecycle
"yl SEEEILE L
+ in;;«.-a.,,.s:-,.i.:-.g.n.m...,i || E SW Design
\ unterface : FuslInterfoce connact il it I = k EEe J
Interoperable s 2 Integrated
tooling Semantics

Standard APl and Services

Source: Seidewitz: Domain-Specific Modeling with SysML v2

20 March 2025

Repositories
Copyright © 2025 Model Driven Solutions, Inc.
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GfSE
e Systems Modeling APl and Services

OMG

Object
Management
Group.

The Systems Modeling APl and Services assure standardized data exchange between
tools.
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Connecting SysML v2
through the standard API

_________________________________________________________________________________

o —*- o o
Ve ._._@" oS SysML v2

CM of the DlgltaIThread R

* Structure ]
Source: Syndeia with SysML v2 « Behavior CAD/CAD Vlewer

HIIIIIIIHIIEIBEEIEI

== st . Requirements Source: FreeCAD with SysML v2
[ ——— [P———— . Ana IYSis

E = » Verification s g
~ sy “.* View &Viewpoint - e || / |

E:_ = o E
Graph Visualization Analysis Solver
Source: Tom Sawyer with SysML vz Source: Friedenthal: SysML v2 Basics Source: Maple with SysML vz

Copyright © 2019-2024 by Sanford Friedenthal 28 January, 2024
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OMG Systems Modeling API and Services

GfsSt
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Q CASCaDE: Product Lifecycle Collaboration

OMG

Object
Management
Group.

The objective of CASCaDE is to facilitate collaboration in the product lifecycle from

conception to retirement. Standardize such collaboration in terms of data format and
ontology.

22 OMG Standards for Systems Engineering 15.05.2025



Using an Ontology to Integrate Information
of Different Sources and Formats

Requirements
System Models
Simulation Models

Ontology
with
Synonyms

RDF/OWL

Artifacts
from
different
sources

Model Integration

GfSE |7, VDA

PDES, Inc.©
Conmee le!’ the ﬂ:\]_qm! Fnteeprise

* RDF/OWL
* JSON-LD
 GAL

Knowledge
Graph




VDA

PDES, Inc.®
Conneeting the Digital Fnteeprise:

GfSE =,

Problem Statement: Why CASCaDE

Increasing shares of Electrics/Electronics and ‘D Need for cross-domain
:fJ: Embedded Software besides Mechanics collaboration

Requirements Functional I
Specification Specification

BOM & I Inspection I
Models Plan
V&V
Characteristic

Mechanical

Requirement Function
Component

Guide rotating shaft

zAbsorb radial forces \‘ » Rolling elements Inspect outer guide roughness
Handle slight unbalance M .
N\ Absorb axial forces é Rolling elements outer guide Inspect ball dims & roughness
Medium, uniform velocity \

. Seal rolling elements \ Inspect inner guide roughness

Keep out splash water or
dust Prevent the rolling elements Sliding seal

from touching each other o ] ]
Verify vibration & noise specs

Ensure safe operation

. Rolling elements evenly Software Component Verify long-term wear & tear

> distributed around the #
circumference

0
001101
100100
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The CASCaDE Standard is Modular

Syntax (blue)

= Knowledge Graph with nodes
(artifacts/activities) and edges
(relations)

* Constraints
Semantics (yellow)

= Terms for activities and artifacts
(data objects) at the input and
output

= Terms for relations

26 OMG Standards for Systems Engineering
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VDA

Schema- and Constraint-based Knowledge Graph with Open API

-

\

Top-level Ontology

e

A
Concept
Definition

System Definition

Al A A

System Realization

\
2)

A)

Business or Mission Analysis
Stakeholder Needs and Requirements Definition

A)

System Requirements Definition

-

A

System Deployment and Use

ARl Maararara

System Analysis

System Architecture Definition
Design Definition
Implementation

Integration

Verification
Validation

Transition

A

Operation

A

Maintenance

@.05.2} 2

-

]

A

Disposal




Define Terms for Activities and Artifacts (Data Objects) GfSE ‘ |='P VDA

e.g. ISO-15288 ,Implementation”

/ e.g. ,Development”

The standard shall include a (" Business Function— )
hierarchical structure of terms with
: g : : )
synonyms and other relations Business Function 2
' n
(“Ontology”):
Input Artifact =
1 1 npu imac
* Business functions broken P _1 Activity L outout Artifact 1
down to activities ‘ 7 .
: . ¢ o .\
* Work products = artifacts / AN -
= data ObjECtS e.g. ,Requirement” \ e.g. ,3D Model”
|

e.g. ,Contact Surface” e.g. ,3D Design”
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o hDES, Inc.®
The CASCaDE Project
() WAT oo Users / Workflow F
?. Development sers OrKriow rorums
— Organization IP ﬂ“
LOTAR-PDES MBSE, INCOSE
Normative Specification prostep ivip DDP WF
L. * Business Process
CASCaDE Submission Team & Use-Cases Tests & Data Industry PoCs
— Recommen-
S GfSE [, VDA msn: P wl  dations* " ’ Test-Data
WPO Leadership & Coordination Open Source Community to be def. IP ‘1
Foedback* 1o be aer
WP1 Metamodel WP2 Ontology WP3 Operations, Reference Verification & Software
(Syntax) (Semantics) OpenAPI Implementation Validation Qualification *
WP4 WP5 Requirements WP6 Normative Feii“;gi}(* : ) Capacity, Code
Transformations Verification Specification Software Vendors
\ S Vendors P &
Commercial Extensions Industry PoCs
* open IP Implementations At

29 OMG Standards for Systems Engineering 15.05.2025


https://cascade.gfse.org/

Gfse
e Looking into the future ...
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Design Cockpit 43®

éféé Mié

packaging algorithm
maps logical architecture

|

to physical architecture
w/o side-constraints

e

automatically generated packaging in DC43° , . automatically generated packaging in DC43®
(bendings forbidden, area 457 cm?) (bendings allowed, area 361 cm?)
Priv.-Doz. Dr-Ing. Stephan Rudolph
Institute for Aircraft Design GPDIS 2024 Workshop "On MBSE, V-Model, Digital Thread, Digital Twin and all that with design languages” slide 23/ 39
University of Stuttgart
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Is this interesting for you? oskar.dungern@gfse.org

Let us exchange ideas!
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