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Problem Statement

Mixed Fidelity MBSE
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New Systems

System
Upgrades

New
Components

New systems are not truly clean sheet;
integrate existing components

System upgrades are built upon source of
truth that may be in a variety of formats

New components can be fully modeled
for use in future models

==

S—

Source of Truth developed
in MBSE environment

New Models

Should not modify existing
validated models for sake of
integrating into a new design

Existing products intended for
reuse that have no MBSE
models

Suppliers and customers may
have different MBSE
frameworks, tools, and skills

Applying “New Models” thinking to complex mixed fidelity systems adds undue
cost, schedule, and source of truth risks

$ Conversion Cost

Modeling Scope
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New Model Approach (Theory) Mixed Fidelity (Reality)

Program

Modeling System
Standards

Sy o Architecture
Framework MOdeI

Signal Library

Profiles

Modeling approaches must accept and accommodate that mixed-
fidelity models and variations in modeling standards will exist
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|
New Airplane A
Design Model

Supplier UAF Engine Model A

ResourceArtifact ResourcePort
[] Nested Port
[ |Nested Port2

New Avionics Inf ti
Design Model nformation
Element
gblocks

Fully Integrated
SysML Model

Loose coupling allows
“translation layers”
between two different
models, even models of
different techniques and
languages

Loose coupling allows
extracting and modeling a
minimum set of data from
documentation of existing
products that lack MBSE
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Solution to Problem Statement

Loose Model Coupling Approach

www.incose.org/symp2023 7



Architecting Loose Coupling in Models

Start with this concept, as
A Knowledge

At each decomposition, turn
each BB into a self-contained
" WB containing more BBs

For structure, behavior, and
interfaces effectively
. duplicate the BB into a WB
and trace back to the BB

Realize each logical
4 element into a system

Loose coupling allows flexibility
to model only portions of a
system, compare models for
early trades, or swap out

models for upgrades later in the colution element. with
. : y ufi . Wi
lifecycle with minimal rework of 2 focus on HW/SW

higher tiers of the model. S| e
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Pillar
Pill Architecture Modules Requirements Structure Behavior Interfaces Parametrics System Analysis
liar

Influencin Interface Needs
N e Multiple Stakeholder Requirements Reference Architectures . .
Architectures Information Exhange Requirements

Requirements Behavior Parameters Safcty & Reliability KPPs, MOEs/MOPs

Conceptual and
Measures of Functional Failure Mode
Effectiveness (MoEs) & Effects Analysis
(FMEA)

WB Weapon System Use Cases
P Y Weapon Sys Internal Structure o Internal Data Flows
Context WB Activities

Stakeholder

System Context Use Cases Weapon System

Black Box

Context Weapon System Fn Requirements BB Activities

BB W Systi Needed Si t: Ext | Interf: Requi t Val
‘eapon System Ve et (e iaens eeded Segments BB States xternal Interfaces equirement Values

Stakeholder
Needs
Conceptual Subsystems
FMEA

&
2

Conceptual Subsystems Functional Analysis MoEs for Subsystems External Interface Redefiniti
- : : WB Weapon System Segment Internal Structure WB Activities xternalinteriace Redefinition Weapon System Trade Studies
Weapon System Internal Data Flows

System Safety &
Reliability (S&R)

WB Segment Fn Requirements BB Activities

BB Segments Needed Segments Segment Ext Interfaces Requirement Values

Sy: n v Y O A
System Requirements System Structure System Behavior System Parameters Verification Requirements BB States

jon

Subsystem

External Interface Redefinition
Requirements

30luti

ibsystem Structure Subsystem Behavior Subsystem Parameters Subsystem S&R . WB Segments = Segment Internal Structure WB Activities
Vehicle (Segment)

[

Internal Data Flows

WB Subsystem Fn Requirements BB Activities

BB Subsystems N e i Needed Subsystems BB States Subsystem External Interfaces Requirement Values

Component

Component Structure Component Behavior Component Parameters Component S&R
Requirements
L External Interface Redefinition .
WB Subsystems - Subsystem Internal Structure WB Activities Subsystem Trade Studies
Implementation Internal Data Flows

Requirements

Functional/Logical (Needs)

Subsystem WB Component / Skill Fn .
BB Components / N BB Activities .
Skill Requirements Needed Components Component External Interfaces Requirement Values
ills

BB States
Verification Requirements

From MagicGrid Book of Knowledge

. . . External Interface Redefinition .
WB Skills Skill Internal Structure WB Activities Component Trade Studies

A Internal Data Flows
Skills WB X X o )
Service Fn Requirements BB Activities Services External Interfaces

Needed Services

BB Servi
ervices Verification Requirements BB States Service Contracts

Requirement Values -
Solution Architecture Trades
N S RSl o selected Equi & Interface Protocols i e o Model Metrics
on-Fn System Requirements elected Equipmen uipment Parameters
. y a | quip ) Message Structure q. P! TPM Tracking
Solution Non-Fn Equipment Requirements System HW-HW Schematics . Predicted/Measured Values .
B L ) ) Equipment States Network Interfaces . Readiness Levels
Architecture Verification Requirements System SW-SW Schematics TPM Predictions

. Service Contracts . SCFTA
SW to HW Allocation TRL / MRL / IRL Evaluations

System Solution

Modularity Assessments
Network Loading

Supplier Fn Requirements Pins Outs Interface Parameters
BB Equipment Supplier Non-Fn Requirements Detailed Equipment Inherited . TPM Predictions
e . A Connector Assignments
Verification Requirements RMS&H Values
Equipment -
Models Equipment Parameters
S R o Detailed Interf Predicted/Measured Values
equirements etailed Interfaces
WB Equipment Verifi ? — Equipment Internal Structure SRU Behaviors ST e TPM Predictions SRU Trades
erification Results - nterfaces
TRL / MRL / IRL Evaluations
RMS&H Equipment Values

Speci . FMEA / FMECA

o SPecialty Analysis PHA / FHA
CVA Plan Dependencies
VV&C Facility Elements

VV&C Article Configuration

Links to Verification Requirements Certification / Verification

Activity

Analysis &

VV&C D ) Test Facility Interfaces VV&C Results
Certification Requirements

*Black Box: Represents the external view only of a “thing” where “thing” could be a system, a subsystem, a component and any other type of logical or physical object.
*White Box: Represents the internal view of a corresponding BB “thing”. WB internal structure & behavior must satisfy the “boundary requirements, interfaces,
associations and interactions” defined by the BB
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Pillar

Pill Architecture Modules Requirements Structure Behavior Interfaces Parametrics System Analysis
liar
Influencing Interface Needs
" " bl Multipl Stakeholder Requi t Ref Architect KPPs, MOEs/MOP
Requirements Structure I Behavior Parameters [ Safety & Reliability Architectures ClUfE ELEUE P LTINS CEEEE A IERTIE Information Exhange Requirements K s/ S

")
°
(7
(7]
2

Stakeholder

WB Weapon System VVh t B
Weapon System Contexs I e OX
Context
Black Boxes

[
Black Box
White Box

Solution

Weapon System b VV h It C B O X -

Black Boxes
Ve )| S Wh|te BOXGS
Black Boxes

WB

WB
BB Subsystems

WB Subsystems
Implementation

Requirements

Functional/Logical (Needs)

Subsystem WB

\Vhite Boxes
BB Components /

Black Boxes
Skills WB e skills Wh't .ﬂ. _
Black Boxes

4
g8
5
E

From MagicGrid Book of Knowledge

Solution

[}
System Solution B
Architecture

Solution

Supplier Black Boxes

Equipment
Models

WB Equipment

Compare To | Supplier White Boxes

Specialty Analysis

]
2
@
=
]
c
<

VV&C

*Black Box: Represents the external view only of a “thing” where “thing” could be a system, a subsystem, a component and any other type of logical or physical object.
*White Box: Represents the internal view of a corresponding BB “thing”. WB internal structure & behavior must satisfy the “boundary requirements, interfaces,
associations and interactions” defined by the BB
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A modularized model is the key benefit

Pros

Easier configuration — - Reduced vertical simulation
management i : ability across decomposition
E : layers
Permits integration of
different modeling fidelity 2 BB g Higher up-front modeling
and styles without investment
reworking truth
281188 =112 Model customizations
Efficient distributed ~ [e]les] require additional data
modeling for very large architecting

teams
www.incose.org/symp2023 11



Solution Modeling to Address Vertical Gap

A Solution model helps fill in the vertical simulation gap
caused by loose coupling of the logical model

Solution represents real
1 _ product, e.g. things with
part numbers

2 Behaviors model signals
on physical connections

3 Loosely coupled to
- logical elements
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New System Development (WB/BB)

Model Integration Approach

g—

Solution represents
real product, e.g.
things with part
numbers

Suppliers Integration

Approach

O System Integrator
Delivers Models As
Specification

O Supplier Delivers WB/BB
Models As Response to
Specification

“Supplier” can represent any organizational
boundary, such as internal groups
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Boeing Examples

Real World Examples

www.incose.org/symp2023 14



This program is an example
of a brand-new development
with heavy build-to-print
reuse of legacy components

Full MBSE definition is used at
the context and system levels,
but as decomposition crosses
the boundary to document-based
sources-of-truth, a minimum set
of BB data is copied into MBSE
tool based on pre-defined MBSE
analysis needs

Mixed Fidelity Means Source Of
Parts Of The System That Are New Truth For Parts Of System Is Still
Use WB/BB Development In Traditional SE Artifacts

A

Suppliers or Parts Of System
Use Traditional Document-
Conexy based Design

Common for new systems

using existing components
developed pre-MBSE

System /
Subsystem =
B  ——— =)

Subsystem / r 1

Component/ == R=i=d ™} R=loH RElol Ehenito o
DoC

N

Supplier Data
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Key requirement for MBSE
success is to define the
modeling inputs and outputs

Program 1 Example
* Inputs
* Reuse / to be modified
specifications
* Reuse /to be modified
Interface Control
Documents (ICDs)
* Outputs
« Program ICDs
« Program Specifications

Component
Specifications as Models

X
BB Models Component Specifications
o as Documents
Reuse Specification
=\ New =\
= Functions Functions __,..s=**" N\ ECS

| DOC | """""""""""""""" L J

....... A ___.-""“ (|f Needed)

ICDs as Documents
ReuseICD %

' = ‘ """" *..  New Interface \
poc . Interface e Solution
L J Solution  — " (If Needed)

Electrical Model
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Program 2 features new
development on a legacy
platform

Program 2 leans heavily into
need-based modeling approach,
modeling only what is necessary
to produce pre-defined outputs

Full MBSE definition is used on
the new systems being
integrated, suppliers required to
use MBSE and integrate models
with Boeing

Existing Design Data

Context / r ‘
System [ I — \
. || Existing Design Data
N
System /

Subsystem

Subsystem / ’ ........ 1
Component - -------- .
Suppliers

www.incose.org/symp2023
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Behavior Model of

Unique for Program 2, Legacy Systems
helping engineers .
understand functionality of p
legacy systems was an

ou tp u t Legacy Specification

Specifications

Program 2 Example ..., Functions New as Doouments
. |nputs L_J ............ MBSE Model Functions .
................................. LEJ

« Legacy specs
 Legacy ICDs
2 OUtpUtS Legacy ICD

* Interface Design Docs =\ New Interface Documents

 Guidance on system Qe =" Interface
functions Solution M LEJ

« Behavior validation

* Upg rade SpecCs Electrical Model

www.incose.org/symp2023
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Context WB

Several new programs at 172 Sy ElEs Bl [ \W
- . oeing’s customer’s «-:--
Boemg fo||QW loose Coupllng pro?:urable unit Sys Structure Sys BehaVIor Sys Signal

to take maximum benefit from
mixed fidelity modeling

«mterfaceBIock» «requirement»
LSys Interface | Sys Requirement

. .y System WB
Modeling decomposition stops _ L
) ) : Subsystem Black Boxes can be «block» ‘ | cactivitys ‘ «signal»
once 2 procurable” black box is dRNICEE R UCRIUCIENGY | Sub Structure | |Sub Behavior \Sub Signal
defined, and becomes the decomposition (e.g. an engine) ( o - —
specification for a supplier either 'Sub Interface | Sub Requirement

through export to documentation

or directly as a model Subsystem W
New product models are Component Black Boxes can «block» . cactivity» «signal»
: - : ' g | Cpt Structure C t Behavior C t Signal
validated/verified independently ¥ Vg and procured at = - -kl
. . lower levels (eg aV|on|cs) «interfaceBlock» «requirement»
so source of truth is not modified Cpt Interface | Cpt Requirement. ‘

during reuse
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