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The Business and
Organizational Challenges

like a really good
idea at the time...”
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Sets of Linked
Models

Multiple
Organizations

Separate
CM Systems




If You Have Ever Struggled with a Missing Linked
Spreadsheet....
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Product Price Utility
ABC Inc $25.00 0.7
Good Stuff Lid $27.95 0. 7L P % |
Shady Deals $18.95 0.63
We Copy Anything, Inc $12.00 0.2 i This workbook contains links to one or more external sources that could be unsafe.
If you trust the links, update them to get the latest data. Otherwise, you can keep working with the data you have.
Don't Update Help
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Comment to the OMG SysML V2 Summit:

"Of course, we all dream of a fully
integrated digital thread. The scale of
the Department of Defense is simply
too big for that. We are going to be
shipping models around for the
foreseeable future”

Daniel Hettema 2nd
Director of Digital Engineering, Modeling & Simulation for the DoD

inia, United States - Contact info

@ United States Department of
Defense

—‘!‘i.., Johns Hopkins Whiting
Y 5 5
¥ School of Engineering




The One-to-Many Problem

Large Purchasing

Organization .
Large Purchasing

Organizations

RFP Model The One-to-Many (Notice that this

problem can flow up COTS looks a lot like a
or down. Datasheet “Reusable
Model Asset”)

Smaller Supplier
Organization

Smaller Supplier
Organizations
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The Response Problem

RFP Model In either direction, the

models often end up
Response being a volleyball
Model exchange of
Response modifications and

Model

additions

Response

Model

incose.org | 9



The models are not single models, but

Each organization has one or more rather clusters of linked models.
configuration management systems.

In the volleyball exchange, different

Often the CM systems are not linked | _
teams will add links to other models.

even within organizations.

The CM systems are rarely linked Often, multiple teams will add links to
between systems. the same other models, unaware of
each other’s links.

Models are not single, one-time
deliveries. Rather there are major
versions, minor versions, hot fixes, etc...

The updates need to move smoothly
between disconnected CM systems.
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Models as Units of Configuration

MBSE has us thinking about definition, usage, and traceability without
regard to model units or configuration management

wreguirements
Vehicle Mass

Id="1"

— - Text = "The system shall

weigh less than 4 kg”

\ P
RFP supplied Requirements Model

wblocks
Vendor Response Model IR oot Car

tis fiyr

values
mass : kg

=

primary camera
xblocks
2D0F Camera

_——

W
wblocks

Camera )
Reference Architecture Model _
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| Thinking about Units of Configuration

Vendor A.mdzip

Vendor A

ck»

Requirements Model.mdzip / R,

values
mass : kg

g

Requirements Project Usage(s)

Model
Vehile Mass Vendor B.mdzip
!I?e;t":"’The system shall
weigh less than 4 kg"

Vendor B

mass : kg

values

Models as units of configuration ==
Define once, Use many times at model level
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Previous examples are “sneaker-net”

Problems:
No specification of how to get / distribute mdzip files
No version control of libraries
No change management processes

- Configuration management of libraries



Basic Configuration Managed Library

vob

Primary Model

Reference

Model Network
[PM@6 -> RA@2]

2D0F Camera

Architecture

B8 CATIA | Cameo Enterprise Architecture 2022x - Primary Model [trunk] #6 (twcprod-2022.systemxi-internal.com:3579 Saved by User: mpetrotta] Available Offiine
© Flle Edit View layout Diagrams Options Tools Analyze Collaborate 3DEXPERIENCE Window Help

D3@-DB®- i | Preview: - no preview O Full Model  [3) Create Diagram
& Cont. By Struc. | & Disg. | 3 Lock.. . ROS2 Robot Car BDD [Read-Only] X
C:)maimnent e s x, . :
EL;:m E? fr Q it %m"._' bdd [Package] Siruclure| ROS2 Robol Car BOD 1 J
| ™ —
| (R s
e . , [l ig b oot Car <alock E‘m ROS2 Robot Car
What happens if ‘Reference Architecture G o —
“ ”? : i“ Wi e tr i::,::m B " eblocks CE"T;M.
deletes “Camera’ | & oo i =
What happens if ‘Reference Architecture’ adds it

new elements?
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Independent CM domain /_\.

Challenge: Distributed CM at Scale

‘ Authoritative transfer

SupplierTWC S;

SupplierTWC S,

Library TWC L,

L

SupplierTWC S,

Local Files

* How are changes to Lx propagated?

(*.mdzip)

Integration TWC |,

* How are multiple configurations of Sx and Lx reconciled in Ix?
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' Example of CM Issues: Diamond Problem

Once loaded, A will only use a single version of C
Model Network =

(M, @ Version(M,) uses M, @ Version(M,)

V21
MN = [A@21 -> B@4],
Model A
ode —_— [A@21 -> C@6],
Model B [B@4 ->C@12]
/ TMN += [A@21-> B@4 ->C@12]
V12
v6® Element Network Error:
B@4 may refer to newer
contentin C@12
Which?

* v6 — principle of shortest path (a->c beats a->b->c)
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Example of CM Issues: Transitivity sy

: : Model Network =
If Model A mounts B, which mounts C: (M, @ Version(M,) uses M, @ Version(M,)
v21

MN=  [A@21->B@4],
Model A e va [B@4 -> C@6),
Model B [A@21 -> 0@6] “Automatic” / Implicit Usage

Implicit transitive usage

Tools make it easy to create a transitive usage of C — “automatic usage”

2 Cont. | £ Diag. | a Struc.. | 5 Model A X
Containment =8 x -
e BwQ -

- T When the number of models ~ >50,
= T unintended semi-formalized
— dependencies become cumbersome
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How the Tool Suppliers
Can Help



Model Dependency Management

» Linking of software modules and components in software engineering is
done on daily basis

» Dedicated tools for module dependency management (e.g. Maven)
» Cyclic Usages, Transitivity, Version Conflicts

» Software component = MBSE model

scomponents =) |
o MYFEHCYAPFF o : ] xblocks | _
[ I ! r Vehicle 1
! | |
| | !
1
| | : | |
v | W v
zcomponents =) «components =) | wblocks «blocks
Log4jv2.5 RESTful APl v2.2 | Interfaces Library v3.2 ECU v5
1
1
1
1
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Model Dependency Management

* Do not allow cyclic usages

» Clear conflicting version resolution rules

« Direct element-level references between modules indicate a direct dependency relationship

1 «blocks 1 whlocks
blocks i | = T | wenicle | T i L Vehicle | |
Vehicle ! | | ! [ e |
| | i \L \L i \]lf - ut:JIrDck»
1 1 «blocks
o . . = = |5
i | " E | |
sblocks ' | ! | |
ECU v v | .
! Lt ! ~ T~ Zlinterfaces Library v3.3

Interfaces Library v3.3
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Well established principle of making and delivering small code changes
in a large code base (e.g. provide a bug fix)

* Could be very well applied to MBSE as well:
No need to move huge models back and forth to deliver only small model changes

E.g. one element is missing in one single diagram in a spider web of 50 linked models

1
1
1
! ‘
1
apart» aparts aparts 1 aparts aparts aparts aparts
driveshaft rearAxleAssembly frontAxleAssembly : transmission driveshaft rearAxleAssembly frontAxleAssembly
1

R N I I A R S |

aparts aparts aparts aparts aparts aparts 1 aparts aparts aparts apart= aparts aparts
differential rearAxle rearWheel1 : Wheel rearWheel2 : Wheel frontAxle : FrontAxle frontWheels[2] : Wheel : differential rearfxle rearWheel1 : Wheel rearWheel2 : Wheel frontAxle : FrontAxle fromWheels[2] : Wheel
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* Moving partial model changes around in poorly decomposed models

« Blackbox-whitebox abstraction collaborative modeling principle
» Contractor/Supplier receives a blackbox-level model
» Works on whitebox-level solution model and puts that into a patch
« Patch gets sent back and applied onto the source model

* No need to move large models back and forth!
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Model Patching

=B package Definitions

El- % Relationships

= package PartDefinitions

| Br-5F) partdefVehicle _ _ _ _ _ _ _ _ _ _ - fuelCmdPort : FuelCmdPort
=N part def Engine

' O port engineControlPort : ~ControlPort

O port fuellnPort : ~FuelPort

i 0 port fuelCmdPort : FuelCmdPort

engineControlPort ; ~ControlPort

fuellnPort : ~FuelPort

igniticnCmdPort : IgnitionCmdPort

o

ngineBlackBox.patc
h incose.org | 24
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Vaszr Engine
Model Patching |
apart defw»
vBEnginelmplementation
attributes
mass > mass
Jre— . N kH Power :
E3-[i¥] part def vEEnginelmplementation _ _ _ fuclEfficiency - Real
I i () attribute mass:> mass I EarmEen
: - (&) attribute peakHorzePower :» power | generateTorque
; e . 1 exhibit states
L - (@ sttribute fuelBfficiency : Real _ _ _ ! engineStates
- B port engineControlPort : ~ControlPort
-~ B port fuellnPort : ~FuelPort aparts parts ~3| drivePwrPort - DrivePwrPort
- B port fuelCmdPort : FuelCmdPort fueltmdPort  FuelCmdFort [+ | airintakeManifoldvé | | eylinderve E
- B port drivePwrPort : DrivePwrPort engineControlPort - ~ControlPort [
ort ignitionCmdPort : IgnitionCmdPort <parts
- e onCle fullpor Fuepor ——
|
| B exhibit state engineStates I ignitionCmdPert : IgnitienCmdPort
I () part airlntakeManifoldve :
I (¥ part combustionChambervé |
:_ @ part cylindervi 1

(]
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The Dance of Digital Engineering

A symphony of models, vast and wide,
Where countless minds and hands collide.
From vendors, teams, and firms they stream,
To build, refine, pursue a dream.

They share, improve, reshape, revise,
Breaking limits, growing wise.

A living web of code and lines,

Evolving fast in real-time.

A tapestry both vast and bright,
Threads of logic, pure insight.

In digital realms, they craft, they mold—
Engineering’s future, bold and bold.
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