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Presentation Abstract

MBSE data standards are being developed by a wide range of
consortia and continue to evolve. What are the functions and
capabilities of the different standards? What standards are released
and avallable for use today? What are the roles of the different
standard bodies and who is involved? How does each company

develop a strategy and roadmap?
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Lots of MBSE data standards: but need forums/industry/consortia
to create/validate standards, and recommend enhancements.

MBSE is based on collaborating ; -
with models. Mission Impossible? i MOCIOr St . y

\ HP-41C card reader
i : e e

- v ; d W X
“ : “ .. this MBSE model will

=2 self destruct in 5 seconds!”
Your participation is needed!

(implementer Forums, industry groups, standard bodies)
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Why MBSE Data Standards?

 OEM — Supplier Design Development

» Collaboration opportunities

 MBE digital thread and model interactions
» Data preservation and reuse

* Prerequisite for standard process and
procedures
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Four categories of Standards?

« Data and Interoperability Standards: includes
modeling, exchange or language standards

* Process standards: specifications for methods,
outcomes, compliance, lifecycle

 Procedural standards: for data measurement, testing
and qualification

« Part/Product (Design) Standards: dimensional,
material, operation, performance, protocols/specifications
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Static Maturing/Implementing Planning Evolving
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http://www.asd-ssg.org/radar-chart

Standards Bodies and Consortia

MBSE Standards Development
-f — ,f.;{}::‘i ‘o D{)L?I?CA « PDES, MBSE WG (STEP, MoSSEC, INCOSE MoU)
ey ‘ - LOTAR, MBSE WG (data preservation and reuse)
» Modelica Association (MBD, language, FMI, SSP)
 NAFEMS (consortium, Systems Modeling & Simulation)
« AFNeT (consortium, digital transformation/stds)
* prostep ivip (consortium, industry best practices)
« AVSI (Academia, virtual integration, PBR/PMM)
« Others: W3C, OMG, OASIS, OAIS, INCOSE,

UNIFIED
MODELING
LANGUAGE-.

A¢Am
sanvy NAFEMS
AVAVAVAVAVY
PDES, Inc.

S OASIS| Industry and Governance

i ISO, NASA, ASD, AIA, A&D PLM Action Group, GPDIS

AEROSPACE VEHICLE SYSTEMS INSTITUTE

FRAMEWORK.tm
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MBSE Capabillities: Data Types

System

Design
‘ Requirements |
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MBSE Data Standard Categories

Q . “AADL | MARTE.

Modeling

Cvodeica 3 .02

Data Package

MIL-STD-31000

Standard Body Legend
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PDES, Inc.

PDES, Inc.

Connecting the Digital Enterprise
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http://www.mel.nist.gov/sc5/soap/soapgrf030407.pdf
http://www.mel.nist.gov/sc5/soap/soapgrf030407.pdf
https://pdesinc.org/

LOTAR Parts Structure

LOTAR International is supported by the AIA and PDES
Inc. in the US, ASD-STAN and ProSTEP 1VIP in Europe

Technology

/ Data Domain Specific Parts \ (" roplcatoms3syens )
C Storage & Retrieval 7-10 years !__)

C y 4 Product ata » oyears

Life-cycle Times

LOTAR is Enabled by Standards

« Data preservation, Reuse, Accident Investigations,
Maintenance, Regulations, Obsolescence, Safety

« Assume Application versions 3yr; storage/access
10yrs; translate to stable formats for 50yr product

cycles.
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Modelica Standards:
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Juan Carlos Mendo,
Boeing Research & Technology - Europe
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Industry collaborative prototype. LOTAR-PDES Activity.

Goals are:

v' Define the process to archive and retrieve behavioral/
executable models (particularly the MBSE use case).

v Define the process to archive and retrieve simulations

v'ldentify changes to the FMI and SSP Standards for
Modelica.org

v' Align and bring together AP243 and the concept of the
Model Identity Card (MIC)

v Deliver a LOTAR prototype that can be reused for

Create Model
(e.g. Madelica tool)

O

L

System
Analyst

>—Generate FMU /

I~ Binaries (dll,so)
= resources
= sources

LOTAR\

Provisioning

T
R

Examines AlIP -
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P

()

Repository
FMUA
FMu2

Create Manifest

(e.g. MoSSEC, MIE}/
NAS9300-520

I~ documentation
= Extra (v3)
— modelDescription.

xml

other MBSE model types

Controller

Plant

Filter

FMI

ssP |

Sensor

Juan Carlos Mendo,
Boeing Research & Technology
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The Need

for Harmonization

Exchange standard
not implemented in
the tools

_—| AP233 SysML
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Process Support

« Requirements Allocation

» Design Authoring

» Analysis Verification

« Data/ Info Context

« Data Exchange — Suppliers
» Enables Digital Thread

2021, January 28th

Text-based
Requirements

Pr -based| | .
Rggs'i’r%lments “r_(:lassiﬁcation ﬂ

Embedding and Linking of
External Objects

ReqlF

Limited support for Requirements
development and traceability strategies

www.incose.org/IWw2021

Product Structure is not
exposed in PLM systems

— [ TInterfaces/Ports & Flows Ij
| Risk Management Property & Units Ij
( \

II Approvals, Security, Statusﬂ

Need specification support
for Requirements traceability

Source: Eurostep
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AP233 + AP239 + AP243

|
-

Capabilities re A
£ \Productstruetaey

£ Y| Schedule i
V= - _-_— v | E
MoSSEC = Modeling and Risk Management _Brgﬁiza'igiﬁ D . .
Simulation Information in a ' .

Collaborative Systems ﬁsta‘ns*‘ ‘}opgr’q;‘ e ‘
Engineering Context ‘ :
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Sample MBSE Capabilities Roadmap

Vision 2030 and beyond...

Best Practices

Define a new Culture 2>
Shift to a comprehensive advanced

virtual engineering environment
(NAFEMS SMSWG)

Data Reuse

Ontologies .
. g Digital
Digital / :
Thread Modeling Twin
rea 4 Frameworks
Data Formal Metadata Stds coft OGO,
oftware
Standards — Modelin 222
Bz Work Data Traceability - g T
izati Instructions Synchronization ork Flows
Engage Organizations y, Network
STRATEGY: |dentify Behavior Deploy | | Data Linking Signaling Multi-Domain
Process Architecture Standard Tools| | Modeling Training Deployments
Internal Collaboration PLM Strategy Doy
Allocate Tools PDM
Management . : ; Data Analvtics Manage
Endorsement ROl MErLS S SEELY Enterprise v Obsolescence
Functional - Terminology- Change Deployment Supplier Collaboration (tools & data)
Grass Roots: Logical Taxonomy Management

Project Prototypes Architecture Promote Metri CD

Design Authoring and Integration Technologies  Standardize Deployment  Safety, Data Assurance
Process — Tool Infrastructure  Identify / support emerging standards Tool Vendor Requirements

from PDES-LOTAR MBSE Teams, January 2021
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Collaboration Strategies

. Share data/models without expectation of receiving model

revisions

. Share data/models using a drop-box technology with the

expectation to make changes and iterate the sharing
process. Must manage multiple versions.

. Use a secured common repository, or interactive

environment, where data/models from all parties are shared
and executable. The shared models represent the latest
version. Add additional controls to support model
mog_ifications, and sister repositories for comparative trade
studies.

anv.-21 ww\w.Iincose.org/IW2021 17



Test your knowledge of MBSE standards and the related consortia

MBSE QUIZ

2021, January 28th ww\w.Iincose.org/IW2021 18



1. What are the MBx’s and MBxx’s (Model-Based acronyms) and how do they relate?

———_daialacaaERSAaMAaRR] DY the PLM Solution Providers

b) Ecosystems developed within a digital framework
C) New academic sciences that are driven by the data standards consortia

2. Define the acronyms “STEP” and “AP” used in a data standard’s descriptive name
a) Standard Transactions to Exchange Parts, and Advanced Protocols
b) Standard for the Exchange of Product model data, and Application Protocols
C) Standards to support Enterprise Processes, and Application Processes

3. STEP technology developed in the 1980s, used EXPRESS as a modeling language. The “STEP Extended Architecture” is a
significant evolution of this initial framework, and the first STEP protocols (AP) implementing this architecture are planned in 2021
(AP243 MoSSEC and AP239 ed3 PLCS). Which modeling language is used in the STEP Extended Architecture?

a) JAVA and JSON
b) ExpressLite using Python libraries
C) SysML and STEPLIb

4. Define the SysML acronym
a) Systems Modeling Language
b) Systems Modeling Linguistics
C) System Model Layout

28-janv.-21 ww\w.Incose.org/IW2021 19



5. Identify the first major STEP AP specification sponsored-endorsed by INCOSE, depicting a Systems Engineering model.

a) SysML
b) AP239
C) AP233
d) AP232

6. The European consortium that developed the STEP Systems Engineering Application Protocol?
a) CORDIS_CRESCENDO
b) ARTEMIS-CESAR
C) ESPRIT_SEDRES

7. ldentify one of the many sources or references for the STEP SE AP?
a) IEEE 1220
b) ANSI\EIA-632A
C) ISO 15288
d) 1ISO-15289
e) All of the above

8. What is the ISO standard defining the Systems and software engineering design Architectures?
a) ISO/IEEE 42010
b) ISO/IEEE 42020
C) ISO/IEEE 42030

28-janv.-21 ww\w.Incose.org/IW2021 20


http://www.cesarproject.eu/
http://subsystems.web.boeing.com/plan/7E7/FI/ASPD/projects/standards/data/ProcessStds.html#GroupB
http://www.iso-architecture.org/ieee-1471/cm/
https://www.iso.org/standard/68982.html
https://www.iso.org/standard/73436.html

9.  Whatis one of the alternative descriptive names for AP239?
a) STEP Application Protocol for Uniform Shapes
b) Exchange of Product and Support Information
C) PLCS, or “Product Lifecycle Support”
d) aandc
e) bandc

10.Name at least three of the Data Standard consortia (or standard bodies) supporting MBSE.

11.Define the SOSA data standard acronym, or the specification’s governing body.
a) System Operations Standards Organization
b) Sensor Open System Architecture Standard
C) Air Force Life Cycle Management Center (AFLCMC)
d) The Open Group
e) aandd
f) bandc
s)] bandd

12. Define the MOSSEC acronym
a) Models of Sub-Systems for Engineering Collaborations
b) Models of System Simulations, Extensions and Controls
c) Models of System Simulations for Engineering Collaboration
d) Modelling and Simulation Information in a Collaborative Systems Engineering Context

28-janv.-21 ww\w.Incose.org/IW2021
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http://www.plcs.org/plcslib/plcslib/data/PLCS/concept_model/model_base.html
http://subsystems.web.boeing.com/plan/7E7/FI/ASPD/projects/standards/index.html#Open

13. What types of models are created using the AADL or MARTE language stds?
a) The functional analysis of decomposed stakeholder requirements
b) Functional Architectures of Portable Requirements
c) Signal allocations to electrical transport elements
d) Embedded and Loadable Software Architectures and Analysis

14. What Data Standard consortium created SSP and DCP?
a) the Digital Modeling Association
b) the Modelica Association
c) the Mathematical Academics Association
d) aandc

15. Identify popular language alternatives to SysML
a) ARCADIA, EXPRESS, and OPM
b) AADL, Architecture-Animate, and UML
c) ARCADIA, LML, OPM
d bandc

28-janv.-21 ww\w.Incose.org/IW2021 22



16. Whatis SISO, or the acronym definition? ‘x L
a) Simulation Interoperability Standards Organization, supporting mathematical behaviors and simulations l'ﬁ,';/

17.

18.

19.

20.

b) Systems Interoperability Standards Organization, supporting networks and signal protocols

Identify the set of standards managed by The Open Group
a) TOGAF, UNIX, X Windows, FACE, and Archimate

b) MOSA, AdvSys, Linux, EMACS

c) HLA, UAF, MOF, OSLC

What is the international standard for exchanging requirements information?
a) ReglF, the Requirements Interchange Format

b) Reqtify, the Requirement Text Interchange Format

c) REQ, the Requirements Exchange

Define the acronym LOTAR

a) Linear Oblique Theorems using Average Reciprocals
b) LONng Term Archiving and Retrieval

c) Laplace Object Transforms to Absolute Rules

What is identification prefix for the set of technical standards developed by LOTAR?
a) European Norm and National Aerospace Standards identified as EN/NAS 9300
b) European Norm and NASA standards EN/NAS 5300

c) National Aerospace Standards and NASA standards, NAS/NASA 4300

28-janv.-21 ww\w.Incose.org/IW2021
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Short ANSWERS

1. b

2. b

3. C

4. a

5. C

6. C

7. e (any answer is correct)

8. a (any answer is correct)

9. b, c,ore

10. LOTAR, PDES, Modelica Assoc., W3C, OMG, OASIS, OAIS, ISO, NASA, ASD-Stan (all good answers)
11. b,d,org

12. d

13. d (buta, b, and c are supported)

14. b

15. d (but any answer is technically correct)
16. a

17. a

18. a

19. b

20. a

28-janv.-21 ww\w.Iincose.org/IW2021
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Extended descriptive answers and resources

MBSE QUIZ - ANSWERS
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MBX and MBXX are Model-based ecosystems developed within a digital framework, that enable a Digital Thread and potentially a Digital Twin. Welcome to the
MBx acronym war.

EXAMPLES: MBE, MBD, 3DMBD, MBSE, mBSE, MBEE, MBPP, MBM, MBO, MBT, MBS.

The Model-Based Enterprise, Model-based Engineering, Model-based Engineering Environment, Model-based Design, Model-based Development, Model-based
Definition, Model-based Systems Engineering, Model-based, Model Based Production Planning, Model-based Manufacturing, Model-based Operations, Model-
based Test, Model-based sustainment

Standard for the Exchange of Product model data (STEP), and STEP Application Protocols (APs), are part of the ISO 10303 family of standards, Industrial
Automation Systems - Product Data Representation and Exchange. Example STEP AP242.

SysML: In the STEP Extended Architecture, SysML is used for all layers: Activity models, Data planning models, Domain Models, Core Models, Application
Reference Models (ARM), Parametric Diagrams which are used to map data between layers. Example: the MOSSEC Domain Model is modeled in SysML, ISO
10303-243, or STEP AP243

the SysML acronym, Systems Modeling Language, is a domain specific modeling language standard and an profile extension to a subset of the Unified
Modeling Language (UML).

ISO 10303-233, Systems Engineering Data Representation, also known as STEP AP233. It has many similarities to the SysML specification (graphic)

The SEDRES Project, Systems engineering data representation and exchange standardization (1996-1999) developed AP233. SEDRES was an originally
initiated/sponsored by ESPRIT, the European Strategic Programme on Research in Information Technology and funded by CORDIS, Community Research and
Development Information Service of Europe. INCOSE and NIST were major sponsors providing technical oversight.

A few of Systems Engineering process standards that contributed to AP233: |IEEE 1220, SYSTEM ENGINEERING PROCESS (SEP); ANSI\EIA-632A,
Processes for Engineering a System; the ISO 15288 , Systems and software engineering — System life cycle processes; ISO 15289, Systems and software
engineering — Content of life-cycle information items as documentation

28-janv.-21 ww\w.Incose.org/IW2021 26


http://www.asd-ssg.org/new-step-architecture
http://www.omgsysml.org/
http://www.omgwiki.org/OMGSysML/lib/exe/fetch.php?cache=&w=720&h=540&tok=fdd43f&media=sysml-ap233:sysml-ap233_venn_diagram.png
https://cordis.europa.eu/project/rcn/32323_en.html
http://subsystems.web.boeing.com/plan/7E7/FI/ASPD/projects/standards/data/ProcessStds.html#GroupB

International Standard ISO/IEC/IEEE 42010. First defined as ISO/IEC DIS 25961, the standard evolved into IEEE 1471:2000 and became ISO/IEC 42010 in
2007 (updated in 2011). Today it has been augmented by ISO/IEEE 42020, Software, systems and Enterprise - Architecture processes (published in 2019),
and ISO/IEEE 42030 Software, Systems and Enterprise - Architecture evaluation framework. There are four cases of conformance that must be satisfied to
comply with the 42010 standard:

a) architecture description (AD)

b) architecture viewpoint

C) architecture framework

d) architecture description language (ADL)

STEP Application Protocol, AP239 (ISO 10303-239), is also known as the “Exchange of Product and Support Information”, or PLCS, “Product Lifecycle
Support”

10. MBSE data standard governing bodies and development consortia include ISO, ASD-STAN, AlA, PDES, LOTAR, OMG, prostep ivip, AFNeT, Modelica
Assoc., SISO, The Open Group, ASME, OASIS, and more .....

11. SOSA = Sensor Open System Architecture Standard originated at the Air Force Life Cycle Management Center (AFLCMC) and is now managed by The
Open Group. Originally defined for aerospace, it has become an important standard for the autonomous car industry.

12. Also known as AP243, or ISO 10303-243, MoSSECC is defined as Modelling and Simulation Information in a Collaborative Systems Engineering Context.
Version 1 is scheduled for release in 2021.

13. The standards AADL (Architecture Analysis & Design Language) and MARTE (Modeling and Analysis of Real Time and Embedded systems) are
Architecture modeling languages (e.g. functions, scheduling, timing, analysis, portability, allocations) that specialize in the development of embedded and
loadable software. They are often used together (MARTE UML profile feeding an AADL model in OSATE2).

14. SSP. (System Structure Parameterization) and DCP (Distributed Co-Simulation Protocol) were both developed by the Modelica Association. The SSP
standard enables the interconnection of FMUs, and DCP is an underlying set of network functions that are defined as slaves to an FMU. FMUs (functional
mock-up units) are created using the FMI (Functional Mockup Interface) specification.

28-janv.-21 ww\w.Incose.org/IW2021 27


http://www.iso-architecture.org/ieee-1471/cm/
https://www.iso.org/standard/68982.html
https://www.iso.org/standard/73436.html
http://www.plcs.org/plcslib/plcslib/data/PLCS/concept_model/model_base.html
http://subsystems.web.boeing.com/plan/7E7/FI/ASPD/projects/standards/index.html#Open
http://www.mossec.org/
http://www.aadl.info/
http://www.omg.org/spec/MARTE/
https://ssp-standard.org/
https://dcp-standard.org/

15. SysML (the System Modeling Language) is an Architecture Description Language (ADL), as defined by ISO 42010. Popular language
alternatives to SysML include ARCADIA (ARCHITECTURE ANALYSIS & DESIGN INTEGRATED APPROACH), OPM (Object Process
Methodology), Archimate (Architecture-Animate), LML (Lifecycle Modeling Language).

SysML is comprised of modeling constructs with a limited ontology, while the DoDAF MetaModel 2.0 (DM2) is a visualization infrastructure and
only has an ontology. The ARCADIA method adds a predefined architecture framework to the constructs of SysML. OPM includes a
constrained ontology and is used to produce conceptual models. Archimate builds a 3 by 3 matrix of organizational domain layers that is used
to described an Enterprise Architecture. It lacks a system ontology. LML simplifies both constructs and ontology to form a complete, easy to
use modeling language.

16. SISO, the Simulation Interoperability Standards Organization, is a data standards consortium with a focus on mathematical behaviors and
simulations. Important SISO Standards Committees include: IEEE Std 1278TM - Distributed Interactive Simulations (DIS), and IEEE Std
1516TM - High Level Architecture for Models & Simulations (HLA).

17. The Open Group consortium is a world wide organization that manages a wide range of data and format standards including TOGAF, UNIX, X
Windows, FACE, and Archimate (Architecture-Animate).

18. RedlF, the Requirements Interchange Format: Defined in an XML format, it was developed in the automotive industry, and formalized by
prostep iVIP until it was handed over to OMG in 2010. Version 1.2 is currently being evaluated for improvements by the prostep ivip consortium

19. LOTAR, LOng Term Archiving and Retrieval is the focus of the LOTAR International, an industry specific consortium (aerospace) that produces
standards applicable to multiple industries. The focus is the preservation and reuse of data and models. The LOTAR guidelines are defined
by the OAIS standard, ISO 14721.

20. LOTAR creates standards that are identified as EN/NAS 9300. EN is European Norm standards and NAS is National Aerospace Standards.
They are approved by the organizations supporting ASD-Stan (Aerospace & Defense Standardization), and AlA (Aerospace Industry
Assaociation ).

28-janv.-21 ww\w.Incose.org/IW2021 28


https://www.sisostds.org/
https://www6.opengroup.org/sib.html
https://en.wikipedia.org/wiki/Requirements_Interchange_Format
http://www.lotar-international.org/
http://www.asd-stan.org/
http://www.aia-aerospace.org/standards/
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