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Overview

* The gap between theory and practice
 Methodology

* Types of models

» Generic Modelling approach

* Real world-challenges
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®
Methodology

* Pragmatic research
philosophy
* Experienced practitioners
with diverse perspectives:
— Tool developer
— System developer
_ ASSGt owner / OperatOr “ ... and version 3.0 of SysEngBot will do exactly

. Based (In part) on 7_year what you meant to ask it.”
longitudinal study into
state of SE practice

Some images generated by OpenAl's DALL-E.
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« puild a SysML model 1o analyse t"he

end-to-end performance between ... .
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Some images generated by OpenAl's DALL-E.
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Types of System Models
Fit User Needs
Cost
Durability
Weight
Compliance
Serviceability
Is it worth it

Form

A,

/NN
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Understand the Problem

Layer of Abstraction

' Requirements | Behavior \ Structure Parametrics

Measurements
of Effectiveness

Stakeholder

Need Use Cases System Context

Logical
Subsystems
Communication

MoEs for
Subsystems

System Functional
Requirements Analysis

White Box |Black Box

Component
Parameters

Component
Behavior

Component
Assembly

Component
Requirements

The MBSE Grid Framework (Morkevicius«et al.;"2017)
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Used to understand the problem
or opportunity space, including
understanding

— Potential system purpose

— Operating environment

— Other systems that might be
collaborating or competing with
the system.

Requires a diverse range of
models and model types

— Systems thinking

— Operational simulations

— Enterprise architectures
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Define the System

Mission
Inclusion
J
1 =

Arch. Option
(Function
Based)

Assess Relative
Cost Within
function

What are
comparison
parameters?

Assess Assess Utility Evaluate

Relative Utility
Importance Perf. Parameters g Combinations

Determine

Optimal
Solutions

SysML Application

Extract
Pareto Front

Filter
Concepts as
needed

An OPM to SysML Journey (Hause & Day;2019)
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Elaboration and evaluation of
multiple options / solution concepts.

Support trade studies

Typically, the models used will
include:

« Static behavioural models, e.g.
SySML or OPM

* End to end performance
simulations of key system
performance / effectiveness
characteristics.

* Whole system models of system
properties such as safety,
reliability, and security.
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Define System

How to “Shop” for the best design
(solutions of interest)?

VOR
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http://www.cubesatshop.com
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3D Physical Model with 2D Technical Drawings (Roy, 2023)
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What are they?

Understand how elements work with
— Other systems
— Organizations
— Product line engineering approaches
— Wider system of systems
— Maintenance and support

Significant elements may be legacy
(or future legacy)

Different organisations will have
different concerns and model types
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System Analysis

*  Verify
e — The defined system will satisfy system
stem Analysis| I
i requirements
: 1 T : . — The physics of the system
Functional System Sﬁl?;;;gﬁ Qualification Trade-oft __ Other quIQn and SyStem ConStralntS'
 This could include
" - — 0D & 1D system models to simulate
| P 1M nterfaces |1 G0t |1 Method M preferances behaviours and performance
— 3D models of the physical items to
N - , understand and adjust for material
— Output —  Feasibility —  Schedule — Verification | |— Risk Preference StreSS/Strain thermal |OadS and
dimensional fit concerns
Critical Quality . .
—  Function — Characteristi |~ Affordability |~ Validation — Time Preference - MUItI domaln SyStem mOdeIS tO
(-lities)cs understand and optimize complex
behaviours such as combustion and
{ Porformance |L{ Measures of Il per—— Zﬁﬁ"&% Igtiep.%,pbaor![ge)d joints with gaskets

Taxonomy of system analysis dimensions. (Walden et al., 2023, fig. 2:45)
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Additional Purposes

Wide range of additional uses

5 & 3 @ Y Y Y Y v — Common descriptive system
i I L L1 1 L1 representation
I R ) — Increasing the opportunity for the
| I i [ il Bl il full development team to
Discipline 1 Modeling, Analysis, and Simulation ) understand and align on ‘th e
I I ; l I I I I I]:I System’_
Discipline 2 Modeling, Analysis, and Simulation )
: | — Knowledge management hub
ﬂ | | : I | | |D ol — The information at the heart of
— , _ e . the Safety Management System
Discipline N Modeling, Analysis, and Simulation > . ]
I l I I — The information at the heart of
I the Asset Management System
i Utilization !
Concept Development ) Production ~Support Retlrement> —
Multidisciplinary Modeling, Analysis, and Simulation cootdination
along the life cycle (Walden et al., 2023, fig. 3.12)
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Generic modelling approach

\

* £xxxK Budget for modelling

Means

* Use of existing West Coast
Mainline model

* Use of cloud high
performance computing

* Modelling team

* Industry wide engineering

O 4

2-6 July 2024

a N

* Monte-carlo simulation of
whole railway system down
to individual asset types

Ways

* Sensitivity analysis of impact
of different levels of asset
availability (and other
interventions)

* Industry wide engineering

steering group to oversee
Kand socialise results /

a

<

Ends

Increased focus on
equipment causing the
greatest unavailability

N

Development of new ultra-

reliable assets

Improved maintenance of
equipment causing the
greatest unavailability

Less time spenton
maintenance overall

4

Develop questions
and use-cases

Design cycle

Select and tailor
model type,
framework and tool

www.incose.org/symp2024 #INCOSEIS

Understand

purpose

Purpose cycle

Use model

Production
cycle

Model <10% of scope
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Averages, distributions, and simulations

alues
are near the middle
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Model performance and computer power
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Some images generated by OpenAl's DALL-E.
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Model Verification and Validation

5= the tool vendor Told"g.
me that I could eat

"... Network Map, Road Map, what's
the difference? They are both maps.”

Some images generated by OpenAl's DALL-E.
2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 15



Assumptions and Sensitivity
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5 10 15 20

Late Arrivals Within PPM ~ lateArrivalsOutsidePPM

Journey Lateness (Minutes) at Destination or Exit
Boundary

"... I know electrical trains require
external power, but I told you to
just model train reliability”

Some images generated by OpenAl's DALL-E.
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Ensuring stakeholders appropriately trust the
results

‘
Complex | complicated l

Probe Sense
RSense d Analyze
EIron Respond
Emergent Good Practice

Chaotic

Simple
sgﬁze Sense
Categorize
Respond Respond

Novel

Best Practice !
L REe——

"I'm sorry Janet, but the client
wants to use Brad's simulation

for the structural analysis. His
outputs just look better.”

Some images generated by OpenAl's DALL-E.
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Complex | complicated J
'S’zzl’s’: Ser}se
Analyze
Respond Respond

Sonse Sense
Categorize
Respond Resgond
Novel Best Practice |

//' Means ‘\\

* £xxxK Budget for modelling

* Use of existing West Coast
Mainline model

* Use of cloud high
performance computing

* Modellingteam

* Industry wide engineering

Emergent

Chaotic
Act

Kteam
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Disorder

//' Ways ‘\\

* Monte-carlo simulation of
whole railway system down
to individual asset types

* Sensitivity analysis of impact
of different levels of asset
availability (and other
interventions)

* Industry wide engineering
steering group to oversee

\ and socialise results /

Good Practice

Simple

- h

* Increased focus on
equipment causing the
greatest unavailability

Ends

* Developmentof new ultra-
reliable assets

* Improved maintenance of
equipment causing the
greatest unavailability

K’fﬁi?ﬁ!ﬁ.iiii’éiﬁ?au -
www.incose.org/symp2024 #INCOSEIS
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Cost and Economics of modelling and the

challenges of reuse

“Tool costs are typically 10%wf total'easts”

(b
) = | Making a movie Walkinthefog
O < + Use systems thinking to * Use systems thinking to
o = identify potential purposes identify potential purposes
Tool cost 5 % + Configure existing modules * Try some modelling
oot €08 c and develop new ones » Ifithelps do more
Training Q. = « Use standard parameters + If not try a different
T = . [ approach
Process change D S 3“"" m?jd‘lal PP
« Use mode
Champions © -
Maintenance O o
Superuser E - Painting by numbers Quest
Customisation Suppett y— o « Configure existing moules * Understand problem
Validation o = + Use standard parameters + Understand available data
Upgrades > + Get new/modified data * Select modelling approach
Evaluation Integration . i . ifi
 urtion g b o Build model Get new/modified data
e ¢ « Use model * Build model
Assurance o * Use model
Disruption Opportunity costs AV
Know how Don’t know how

Clarity of modelling approach

Adapted from Obeng E (1994) The Project Leader's Secret Handbook,
Financial Times Prentice Hall

12 Principles for Systems Engineering leadings (O'Neil, Kemp, 1IS20%9)
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Integrating models and co-simulation
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Model Governance

I’'m sure that it will be OK now”

Not all models need to be reused

Reuse of models requires substantial
consideration and effort

Models are a business-critical asset

Need sufficient funding, resource and (often)
maintenance

Configuration management of models,
assumptions, test scripts and historical
outputs

Ensuring the tool suite is, as far as possible,
evergreen where required

Ensuring that there are enough experienced,
and suitably trained modelers

Ensuring clear and suitable accountability for
the effective use and maintenance of models

Some images generated by OpenAl's DALL-E.
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Develop questions
and use-cases

Design cycle

Select and tailor
model type,

Understand
purpose

Purpose cycle

Use model

Production
cycle

Model <10% of scope

A

framework and tool

M

eans

* £xxxK Budget for modelling

* Use of existing West Coast
Mainline model

* Use of cloud high
performance computing

* Modelling team

* Industry wide engineering

team /

Some images generated by OpenAl's DALL-E.

* Monte-carlo simulation of

whole railway system down
to individual asset types

Ways

+ Sensitivity analysis of impact
of different levels of asset
availability (and other
interventions)

* Industry wide engineering
steering group to oversee

\ and socialise results /

/ Ends \

* Increased focus on
equipment causing the
greatest unavailability

.

Development of new ultra-
reliable assets

Improved maintenance of
equipment causing the
greatest unavailability

* Lesstime spenton

Kmaintenan:e overall /
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" the tool vendor told meS
that I could eat anything
with this fork
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Degree of integration?
Consistent assumptions?

\ IPR?
Execution times?
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