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What is MBSE?

1) define BIG M (MBSE)
all of the digital thread, all domains, all 
models, the digital twin enabler

2) define little m  (mBSE)
RFLB (Behaviors), not defined by CAD model, 
Concept Design to Physical Implementation
(not spatial)
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Keep mBSE Simple!
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Requirements are 

immersed into the 

models for verification
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MBSE is achieved if the models are consistent, and are 
used downstream without recoding or recreation

Architecture, Connectivity, Requirements 

Allocations, Data I/O, Structure
System Behavior, Performance, Acausal / 

Lumped Parameter models, Code Generation

X= 5*a-1a-1t

Y= If-Sum-Else Z

Fortran 
Functions

Behaviors Measure and 

validate 

consistency
Software 
Partition

LRU A LRU B

Architecture

Rx

Design 
RequirementsRequirements 

validation
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MBSE Data Standards Domain
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Data Standard Availability
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FMI = A mature 

and implemented

Data Standard



Baseline MBSE archive, retrieval, sharing

OEM User

Manifest 
(MIC/AP243)

FMU/SSP

Archive (model and 
context)

Supplier User 

Manifest 
(MIC/AP243)

FMU/SSP

Retrieve (model 
and context)

Exchange/SharingPortal/Repository

8

Archiving or Exchanging is a similar package



Summary: NAFEMS sponsored IF
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For Data Standards there is a recommended set of best practices for an IF.

 Authorized and moderated by PDES-LOTAR, prostep ivip, or AFNeT.

 Activities are to intended to validate a process, written or codded standard

 Results and participants are published and publically available

 Goal is document/code approval by AIA (Aerospace Industries Association) and/or ASD (AeroSpace & 

Defense Strategic Standardization Group).  The IF is defined, sponsored and promoted by a User Group 

or Industry Consortium (e.g. INCOSE, NAFEMS, NDIA, AA, EAA, etc.)

Recommendation is NAS9300-520, (Archiving and Exchanging) Engineering Analysis 

and Simulation data for MBSE (combines the FMI, SSP, and AP243 data standards)

http://www.aia-aerospace.org/
http://www.asd-ssg.org/


Validation Proposal for Behavior Models

MBSE WG

Observers/
Facilitators

(FMI/SSP/AP243)

FMU / Manifest
INCOSE

Request 
Process Verification

Validated ResultsRelease Approval Test rounds reports

Leadership Team

Execution Teams

Must also 
account for 

Tool Vendors/
Integrators/
User Groups

Needs defined 
by Industry and

User Groups

© LOTAR 2019 All rights reserved,  18 December 2019 
Page 9



NAFEMS – Define the Collaboration FMU

BASELINE Example: 

Solver is packaged into a license free 

standalone FMU, or co-simulation FMU, not 

coupled to a brand of tool.  Open library 

functions.  NOT compiled binaries!
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LOTAR MBSE Data Standards

• 500: Fundamentals and Concepts 

• 510: Requirements management “text, graphics, tables”, 

“parameter based”, and codded information

• 515: Validation and Verification requirements information

• 520: Lumped parameters models for behaviours and controls 

described by specification or executable code, containing 

differential, algebraic and discrete equations 

• 530: Models defined using architecture description languages 

(ADLs), ISO 42010, e.g. industry standards: AADL, SysML, UML

© LOTAR 2019 All rights reserved  

18 December 2019   



Archive/Exchange a Behavior Model Package

Generate SSP
(zipfile)

FMU2

FMU1

extra

xml

Parent Manifest

FMU1

SSP1

Repository

SSP2

Contrast/Compare the Manifest with
the AP243 (MoSSEC) standard.

Create Model
(tool x)

Create Manifest

Generate FMU1,2,x
(zipfile)

resources

Binaries (dll,so)

System Analyst

extra

xml

LOTAR 

Provisions

AIP

AIP – Archive Information Package

(derived AIP from 
Manifest Summaries)

+

© LOTAR 2019 All rights reserved Williams 18 December 2019 Page 12

zlib
(deflation)

Examines AIP -
(identifies model content)

Consumer

NAS9300-520 System Modeling - SIM

© LOTAR 2019 All rights reserved    18 December 2019 
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Boeing’s Model Identity Card

Integrate the MICs:
1. the System Template from prostep ivip’s SmartSE project 

2. the Model Identify Card from SystemX 

3. the EDS (Electronic Data Sheet), XML Specification for Electronic 
Data Sheets Blue Book (876.0)

MarkWilliamsand JuanCarlosMendo, 1/27/2020, ExplainBOE-MIC

https://www.irt-systemx.fr/en/projets/sim/
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Boeing’s Model Identify Card

Purpose and Benefits:

The BOE_MIC is Boeing’s version of a model manifest that is 
designed to capture the PLM and meta-data associated with a 
analytical behavior model.  It defines the model’s Design Intent, 
and a means to identify the model’s intended configuration or 
product application.  The BOE_MIC captures a model's pedigree 
and provenance, and a path for requirements traceability.  It 
enables model archiving and opportunities for reuse.

The BOE-MIC integrates the best features of existing MICs

BOE-MIC Benefits and History

MarkWilliams / JuanCarlosMendo, 1/27/2020, ExplainBOE-MIC.ppt |  15
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How to use the BOE-MIC?

The BOE-MIC defines a behavior, 
control, or validation model’s purpose, 
context, and applicability.  It contains the 
meta-data needed by other users to 
identify, categorize and reuse the model.  
The validation data may actually be 
comprised of multiple files or models 
that are represented by the MIC.

A significant portion of the meta-data 
captured within a BOE-MIC can be 
automatically populated by the parent 
application and subsequently consumed 
based on the ability of the PLM system.
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Repository

Product

System-X

Behavior
Model-X

System-Y

Behavior
Model -Y

File-1

File-2

BOE-MIC-Y

Dependancy

Application

BOE-MIC-X

System Analyst
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Implementing Boeing’s Model Identify Card

 The Boeing MIC will be mandatory for any math or multi-physics model that implements a final 
design decision, validates a product requirement, and/or substantiates the configuration of the 
product design.

 The Boeing MIC will be a delta increment (and not redundant) to what is already exposed in the 
FMU’s ModelDescription.xml, Modelica’s documentation class, and other standard meta-data 
exposition files.

 The Boeing MIC will be required for Boeing’s Suppliers and Partners that collaborate in the 
design - build process.

 The BOEING MIC will be the path that prepares us for the implementation of ISO 10303-243 
(MoSSEC) when implemented by the solution provider’s applications.

FMU – is a functional mock-up unit generated by the FMI data standard

Modelica is a non-proprietary modeling language that supports multi-physics representations

ISO 10303-243 is the application protocol for Modelling and Simulation information in a Systems Engineering Context

MarkWilliams / JuanCarlosMendo, 1/27/2020, ExplainBOE-MIC.ppt |  17

https://fmi-standard.org/
https://www.modelica.org/
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The BOE-MIC – Main fields and rationale

MarkWilliams / JuanCarlosMendo, 1/27/2020, ExplainBOE-MIC.ppt | 18

The Boeing MIC will be a OEM-Supplier shared responsibility and maintained at different stages in the model lifecycle
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The BOE-MIC – General PLM Info
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GeneralPLMInfo

GTC/GDA

IP

copyright

license

ObjectID

uniqueID

baselineID

Special

Author

person

organization

Version

Date

ModelType_
Objectives

Traceability, Retrieval, 
Re-use

Design and Analysis, Integrated Simulation, 

Requirements Validation 
(e.g.  RTCA DO-331, MODEL-BASED 

DEVELOPMENT AND VERIFICATION 

SUPPLEMENT TO DO-178C AND DO-278A )

Mandatory Marking Categories
1. GTC/GDA – Global Trade Controls, Global Data Access, Export  

Classification and Jurisdiction 
2. Intellectual Property - Ownership Identification, Classification 

Controls, Information Protection, Copyright
3. Object ID - Authoritative identification and definition (e.g. part/model 

number)
4. Special Contract and Domain markings: Classified, Covered Defense 

Information (CDI)



Copyright © 2019 Boeing. All rights reserved.

The BOE-MIC – Integration and Execution
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IntegrationAndExecution

OriginalDevEnvironment

DevOS

DevCompiler

Name

Version

LicenseDevTool

DevLanguage

ExecutionType

TargetEnvironment

TargetOS

TargetCompiler

TargetTool

Target Language

Other: CPUnumber, 
RAMsize, etc

CommunicationMode

CouplingMode

ExternalDependencies

Libraries

OSFunctions

Solver

RealTime

Parallelization

ModelType_Execution
Modeling And 

Testing Checks

Integration, 
Compatibility, 

Scalability

Synchronous 

Asynchronous

Workflow

Co-Simulation

Integration 

environment

Executable Static 

Library, Dynamic 

Library Script

Real Time

Elapsed Time

Yes

No
manual or automated

(string)

(string)

(string)

The Boeing MIC will be a OEM-Supplier shared responsibility and maintained at different stages in the model lifecycle
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The BOE-MIC – Physics, Content and Usage
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PhysicsContent
AndUsage

Dimension

PhysicsDomain

ValidityRange

Timescale

Fidelity

Represented
Phenomenon

NeglectedPhenomena

Linearity

ModelType_Usage

Usability, Versioning, 
Pedigree 

System Controller

System Plant
Non-System

Operating Environment

External interfaces

Model Utility
Simulation Utility

0D, 1D, 2D, 3D

Millisecond, second

(string)

Solid mechanics

Fluid mechanics
Electromagnetic

Control, Thermal,  Chemistry
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The BOE-MIC – Model Variables
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ModelVariables

Atributes

Name

ValueReference

Description

Causality

Variability

Initial

VariableType

Real

Unit

Min

Max

Start

Other…

Integer

Boolean

String

Enumeration

Usability, IP 
Access

1..∞

Parameter

Calculated Parameter

Input, Output, Etc. (see FMIv2.0 schema)

Constant, Fixed, Tunable 

Etc.…(see FMIv2.0 schema)

Model Variables fields should be fully compliant with FMI ModelDecription.xml schema

Link to FMIv2.0 Model Description.xml schema

https://svn.modelica.org/fmi/branches/public/specifications/v2.0/FMI_for_ModelExchange_and_CoSimulation_v2.0.zip
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The BOE-MIC – Verification and Validation
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SCD, ICD other

ModelVerification
AndValidation

ModelVerification

VerificationScenario

uniqueID

LinkedDocument

LinkedModel

VerificationLevel

ModelValidation

ValidationScenario

uniqueID

LinkedDocument

LinkedModel

ValidationLevel

Certification, Quality, 
V&V

SCD, ICD, >= 

tier3 requirements

e.g. SysML

e.g. SysML

(string)

(string)

0-Insufficient evidence

1-Conceptual and mathematical models verified
2-Unit and regression tests of key features

3-Numerical errors of unit tests formally addressed
4-Numerical errors of all features addressed with 

reliable method

0-Insufficient evidence

1-Conceptual models agree with simple references
2-Results agree with other simulation models

3-Results agree with experiments
4-Results agree with real-world data

Verification Levels 0 to 4 and Validation Levels 0 to 4 according to

MIC scale (NASA credibility assessment)
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