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Background and Introduction

The Module

2-6 July 2024

Part of Level 7 (Masters level)
Apprenticeship

Students mostly in full-time employment,
on block release to improve SE pipeline

15 credit module to participate in a group
project
Prior modules:

—  Systems thinking
—  System architecture |

—  System design | MBSE-based
—  Verification & Validation |

— Holistic engineering

— Managing capability + Options

The learning objectives

Improved knowledge & understanding of
SE methods and processes

Demonstrable cognitive and practical
skills to achieve an outcome

Personal research on potential solutions
and improvements

Individual reflection on transferable skills
to take back to the workplace

All assessed — 50% group work, 50%
individual report
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Project / Module / Challenge Constraints

Achievable within the
constraints of the toolset
available to the University

Realizable in four days of
dedicated collaborative
working, by a group of 4-6
students with prior planning

\
Represent realistic
Demonstrate a wide range challenges encountered

of SE and engineering in modern systems

management methods. development

Build on previous

module content Consistent with University

regulations, and amenable
to an approved marking
scheme

Allow the students to
choose their own case

study system.
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The Challenge

é\e’ Make the MMS animate

(\9\& through the change
66(00 scenarios
AR
X<
N
\@6\
Y
‘ e&\ Imagine various change
Plan the ‘QA\ scenarios
work, and
Incorporate
tutor
feedback
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Model types

Logical structure (SysML)

Reliability, Availability and Maintainability (RAM)

Failure Modes and Effects Criticality Analysis
(FMECA) and safety analysis

“How do we know
that each model
represents the same
functional and
physical design? How
do we verify that each
model simulates the
system realistically?”

03 &

Geospatial location, both static and dynamic,
o}

04 . :
and physical structure, Mechanical stresses

Security and cybersecurity analysis

Thermal and aerodynamic flows

07/ g Cost estimation

=> An MMS to link

Parametric performance, e.g. sensitivity, bandwidth, throughput or flow
them all together 08

rate, speed, response time, accuracy, probability of mission success...

Copyright © 2024 by Paul Davies. v
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Rationale

Different models need

MUItlphySICS different levels of granularity
e Py < Need to learn to cope with
y not use a Multiphysics ‘& Tools what's available, and how
model supported by a high- to plug gaps

end tool?

. | “A fool with a tool is still a
Why not give them a ‘broker’ fool” — need to understand
| what and how to use it

(integrated data

management) tool?

$ Cost These t_ool.s are very
expensive; need ROI

proving by test
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Reqguirements

1. The Design shall be illustrated with, and linked to, a basic model of a Case Study system. The central
representation of both Case Study and MMS shall be in UML (minimum) or SysML (preferable).

2. The Design shall include representations of, or links to, as many of the models outlined in the Background
section as practicable in the time allowed.

3. The Design model representations shall be linked documents or drawings as a minimum; referenced
calculations (preferable); or hyperlinked models (ideal).

4. The Design shall show how version control of all embedded or linked models may be achieved. This shall
include a whole-system version control mechanism, enforcing simultaneous consistency between constituent
models.

5. The Design shall show how verification evidence for each model is supported and linked. Such evidence may
be documentary argument (minimum), or shown explicitly via a UML/SysML model (for example).

6. ....(10 requirements)
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Marking Scheme
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0)
n ﬂ
Submitted 10%
models
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Individual
report
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MMS to link them all

Tools

together, In:

SysML?
VB?
Python?
LabView?

2-6 July 2024

Cameo Magic SOS Architect(SysML)

Excel or MagicDraw(RAM)

? (FMECA etc)

04 ‘}\ Siemens NX or Solidworks (Geospatial,
! Structure, Mechanical)

? (Security and cybersecurity analysis)

? (Thermal and aerodynamic flows)

g Excel or CoSysMO model in MatLab (Cost estimation)

MatLab / Simulink, Maple, CST Studio, Python
(Parametric performance)

08
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L ectures

Preliminary
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Group Project Introduction
Context and Project Challenge
The Creating System

Project Planning

Coursework Deliverables

Recommended Reading

Project Week

Challenge Refresher + feedback on

SEMP misunderstandings

System Interfaces

SysML — basics, usage, linking
Tools overview

Group demonstration requirements

Individual Report
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Initial System Breakdown Structure

Operations:
Change mgmt.
Version control
Access control
Manage refs
to models

2-6 July 2024

Project
challenge
SoS

{Incomplete}

MetaModel Case Study Services

System (MMS) System (CSS)
models

1.| Infrastructure
elements

Supporting
docs

Regs etc Test cases

SBS of
System
Risk vegister Elements
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Running the project week

Day 4

DEVAS

Day 1 >

Group work, 2 X

™
lI
lectures, tutor review

_ and marking
| Copyright © 2024 by Paul Davies.
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Overview

Expected solutions

Actual solutions

Common problem setting .

Common tool suite

Common marking scheme .

Common MMS requirements .

=> similar solutions??

2-6 July 2024
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20 different designs from 4 years’ groups
Wide variety of metamodels
Several different linking mechanisms

Very different Change Management
‘dashboard’ implementations

None fully executable, several very close

Many interesting workarounds to gaps in
Interoperability
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Solution 1

Use cases for Change Management OK, but mandraulically implemented,
Master Configuration Index implemented in nested self-populating BDDs

Customer
Narrative - Word

Contained and
organised with
Package Diagram

SvsML
Requirements
Diagram

/ SysML Block
Cost Model - i Definition
Excel [ Diagram

SvsML Activity
Diagram

n inee"[le roduct Mitigations

Logistics Model -
Excel

2-6 July 2024
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“ustomer Expressed Requirements

Interesting performance
trade study in Excel, fed
from model re-runs

Ranked Trade off
Requirements ] Analysis -
Table - Excel Excel
Ranked Trade offs

Correct Para diagram
linked to Simulink model

MVL Parametric Maghematical Relationships
Diagram '
System Simulation
and Analysis -
Simulink

18



Solution 2

Excel config
tool
populated
from RVM
| : ) Excel and
o T | | el ext. tool
models

Correct Para
diagram linked to
Simulink models

DependenC)/ ;
matrix and 1

traceability tables —
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olution 3 An attempt to be fully modular

MMS (V.1.0) ) Slngle cdainciont e’ Y T T o

ablocks Through Put Analysis Data
MMS Dashboard S Dol

. . 3 : .
p——
0t Org ' l I l : Provide output of Data(
o ?Ls;:sedbata I I kl g : | version = 10) Y

out User hstruction

«blocks

Version Control System ta b | e S
block: . flow propernt
ablock> Vi ual Data) - CSS: Resuts/ Data ]

Verfication Evidence System Extract Chosen Data() out Version Controlled Data
5 aut Flagged Errors

1 a nout Passengér Flow
wversion Control out Impact Matrices
— B

1 £SS: Resuls/ Data

PMECA
o4t Verified Data Evidence e - o e [t
Organise Data() o . Passengers . .. . | Cast Tool

operations Number Data for version control) : e ; | Passenger Flow Model
Verify Data () Store Obsolete Data() s i | Maximum Platforms 3 iR | vakes
Develop Evidence of Verified Data() MName Data() | Maximum capacity of passengers . | Number of passengers

]
Flag discrepancy() re—— Y [T operations
verfication Evidence «interfaceBlock» - ¥ 4 7 . v ++ - |Version Control()
Interface B X
lon propertias zblocks 3 3 throughput Analysis Syste;] . .
ablacks %104t Vers ion Controlled Data 3 s : : :

Generation of Reports System rout Canfigured Data EonfiaEstion System S

- i
o e Cons stent Data sensiraints Configuration : p g : e : . - Management of Inform ation System
> in CSS: Resuls/ Data nout Verified data Evidence :versionincrement F 3 & I s =

Mimenan‘;e Costs
aut Reports nout Reports 7 = e r : Passenger Flow rate
in Consistent Data nout CSS Models ; OA“

in Configured data noutFlagged Brors aut Configured Data
nout Us er Instruction

Demend Estimation

Generate Reports using CSS Data() Organse Inputs() Config_Version
Ensure Consistency betw ezn Data()

Arrange Data and t:.onfiguyate()

generation of Reports

Activation of Models System Consistency System

1 £55: Resuls/ Data - CSS: Res ults/ Data
?;:):\:S Modeks out Consistent Data il ety Ui P VTR R TR AR d TG
Maintenance Cost Generator Passenger Row Tool

|

|

cblocks blocks g : B f
|

|

|

constraints

— — Cost Tool =L
Activate models using CSS Data() Organis e Data for Consistency() = o

Profit Loss i - versionincrement 5 . m:ni"mmm
SrERSaly | : versionincrement : -
—_— Severity/ Classification of risks - versonncrement s parts

SO | : Detectabilty classification of risks #
Actication of Models hfrastructure Occurance classification of risks o Sen
Cost Estimation n Tmetable =
3 n Train Mieage |Passenger number
Ticket Price Fisk scores RPN,s "d "o n H%ucs of operation _;mes :’f:rn Fg:w\?:rcszo
s i hfrastructure cost estimsti RPN > or severiy >7 trigge: rain maintenance costs | -
Distribute CSS Data to MMS Bemens for operation() | CaTTo0L Nersian o ol trigger - L e s

| operations 4 4 Y ; | 5
Estimate Demend() : : | Develop passenger flow rate()

vez Bl
Scheduled Times
Mintenance_\ersion = 1
2 Meintenance COST : Number
3 3 3 : Train Mizage No

] Fons . o . - e L : s

Throughput Analysis System:

Provide Schedule Maintenance()
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. « Latest State of Amendment Indix (LSAI) nicely Requirements
Solution 4

constructed in Excel with multiple tabs compliance
« Comprehensive V&V, with everything glued checking using
together via SysML Test Cases and IBDs Constraint blocks

Meta Model System (MMS) ACDS Model

Initial MMS concept generated in
m Traceability (upwards) /
'

impact (downwards) req: ADCS Req Diagram POWGI’POInt

matrixes

Test cases . . .
[Fiskregiter | P Use case and activity diagrams showing
; % behaviour of MMS.

ibd: Internal block defintion Block definition and internal block definition
' e diagrams detailed structure.
:
Relationships between all models shown.

- — Informs ADCS Model separate but related to MMS.
act: Activity diagram

definition diagram

jar
W
o
o
=
)]
~
(0]

ADCS Engineering

MMS LSAI created for document and model
configuration control.

Behaviour Models
Structural Models

Engineering models maintained outside of

Copyright © 2024 by Paul Davies.
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Solution 5

wblocks

wdllocates wdllocates
Chief Engineer MMS Dashboard

Permissions

( ToolChecks : :

ablocks ablocks ablocks : ablocks
: MagicDraw - FTA e MagicDraw - FMEA A JIRA o MS Sharepoint i o MS Forms MS Excel - Dashboard
pperties . flow properties flow properties flow properties flow properties . flow properties = =
CADData . (out MagicDraw - FTAData | . . |out MagicDraw - FMEA Data |. .. |out JIRA Data . |in MagicDraw - FTA Data | . |in User Technical Data lineh a‘“" P'D"‘te;_l"s Dat

. in MatLab / Simulink Data . out Change Reguest Form Data P s o Lt

ations . operations operations operations in NX11 - CAD Data . in Collated MS Sharepoint File Data
. . FMEA()} Project Management(} in WagicDraw - FMEA Data |. © operations ==
Tool al Drawing() || = = = - [ Y in JIRA Data ' 1" |Change Regquest Form(} o WagicD: R"'S ts
S r— Automatically ification() : : : : : - = : : : in M Office Sute Data - |Form Detail Collation() agicliraw - hequiremen
Tnenmrc. mgt: — _ : e : : b o= . Zout Collate File Data
' From All Links : : : ;
& Calculations

operations

operations View Change Requests()
2 File Structure() [ . . . © .. |View Reguirements(}
ersion Tracking(} . . . . . View Wersion Control Status()

N\ “View Historical
Cllrrent [ Historic

S
Current AW Pendlng ) Change Ficati =5
Eoe VlewJ | e Vlew | o Verrﬁcallon Verification _ N V‘g’&"?“‘"“
‘,—J \ vidence

|

I ( \.riewcc;snent : : : : : : X : : : : : : e

l Verification : : e : . |Power A - Data Collation
|

|

I

Evidence . . flow properties
RESEAce] VEA ol X inout Change Request Form Data

flow properties

a( AR : : : : |in Collate File Data

t Data out Collated MS Sharepoint File Data : : _ opentions
quﬁ?s Forms . : . . . z . . Define Trigger(}

. values . . Get Response Detailz()
. |MS Sharepoint B . Export To MS Excel()

operations

T : : : - |Pull Data From MS Sharepoint()
Baseline
Changes . . . : Export To Excel()

( Wiew Current
- e‘{ Baseline Data

a( View Pending

Fully executable
Activity Diagram
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Solution 6

«blocks
Challenge Specification

«blocks change Mangement System

o case Study System |1
ablocks

enablers |

«blocks
Enablers

Change Mangement System 1 wproxys Meta-Model System (MMS) |4
p1: Change Service

GitHub

stakeholder Management Pla)1 cost Model, systems Model |1 risk Model

1
«blocks «blocks «blocky» «blocks «block»
Stakeholder Management Plan Cost Model FMECA Model Systems Model «Proxy» Risk Log

p1: ~Risk Service

modeling Tool |1..*

FMECA MATLAB Model : FMECA MATLAB Model [1]
FMECA CSV - FMECA CSV [1]
p1: ~Change Sewyice p1: ~Change $:
«proxy» «proxy»

{ 1 systems Definition \1..* risk |1.*
«blocks systems Specification «blockys «blocks
Systems Specification |1 Systems Definition Risk
Calculate Risk : Addition
5 = / £ D : Integer «interfaceBlock»
system Requirement |1..* Block Definition Diagram " iternal Block Diagram '\ X

Risk Description : String Risk Service
ablocks ablocks ablocks e
Requirements Diagram | |Block Definition Diagram Internal Block Diagram 5 s isk : Risk

Configuration State : Configuration State Additional Thing

Config Management in GitHub
FMECA model in Matlab, Cost model (CoSysMo) in Excel

Risk Model and Change Management implemented as Services,
Implemented as a Service Oriented Architecture

Copyright © 2024 by Paul Davies.
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wblocks
MMS

MS SharePoint wblocks
Document Repository
operations

fileSharing()
fileSorting()
systemBaselining(}

Solution 7

Group 3's Systems Project MS Furmsl

[ o= ‘ ablocks ‘
MMS Stakeholders MS Forms

% Chief Engineer

% Customer
% DA CR cost Model

MATLAB! SIMULINK,

wblocks
MATLAB/ SIMULINK

exc:ell MagicDraw

wblocks

MagicDraw

flow properiies
inout ces specification values
in physical geometric cuputs
_cut ces p_arameters
:2 d:p%crm];nce metric outputs LI CENED
in cast ouputs £ FEA Design Definition
in CR data cutput flow properts flow properties
out CR activation out deflection out physical geometric cutputs
in physical geometric outputs. in css parameters

wblocks
Siemens NX

wblocks
Excel

MMS Management

MMS Baseline
MD Diagram Meodification Info

]

design Definition performance Si

wblocks wblocks
CR Cost Model
flow properiies
out CR data ouput
in CR activation

wblocks
Performance Sil

flow properties
out cost ouputs
in physical geocmetric cutputs

flow properties
in css parameters
out performance metric outputs

CSsSs

operatin pars

g operations

MMS Requirements
[E Develop MMS
/i= RequirementStatus

MMS req diagram

CSS Requirements

[ Provide an EV Kart

[d Specialised model li

Ed UK Karting Inter class Regulations
[/ CSS req diagram

changeReg u_ests(}

costModelling()

SysML BED
SyshL IBD

SysML Activity Diagram
VWVRM

Req Diagram

Use Case Diagram

operations

stru cturar\.-i'eriﬂcatinn(}

operations

structural ﬁdellin al)

operations
performanceSimulations ()
tradeOffAnalysis()
performanceVerification(}

op ons
systemValidation ()
systemArchitectureDesigning()
reguirementManagement(}

€SS Architecture

Cost Model (Excel)

E]CSS (EV Kart)

Design Definition (Siemens NX)
El Driver

FEA (Siemens NX)

MMS Architecture

[ ManageChange
= Document Repository
= mMms

MagicDraw - MagicDraw

iemens NX

MATLAB/ SIMULINK : MATLAB/ SIMULINK

Specific model parameters
tightly coupled via a tailored
Internal Block Diagram (IBD); e e R

on : Design Definition

performance Simulation : Performance Simulation

| o35 parameters |
bl IF

{direction = in} L oss parameters |

{direction =in} |

- Excel Exportlmport
(= Impact Matrix

q
| physical geometric autputs

performance metric outputs |
| {diraction = out}

CSSVav

3 Acceleration Test
4 Brake Test
Speed Test
CSS VVRM

MMS V&V

Change Kart Class
MMS VVRM

flow properties for model
calls; embedded Parametric
Diagrams and Constraint

Blocks for compiled model e
code.

g
| physical geometric outputs

{direcion =i} |

Ll CR activation |
{direction = out}
]

™ detiection |
| irection = ou} | i

MSForms : MSForms

| costouputs |
{direction = in}

-
CR data output |
| tirecton =int |

| CRactivation |
= Lo |

excel : Excel P7

CRdata ouput |
| {drecion -ouy |

fdirection = in} |

| costouputs |
feirection = ou ||
_——

Not modular!
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Solution 8

The right idea for
version control

The “Octopod”!

Bridging
link
modules

Copyright © 2024 by Paul Davies.
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Solution 8 (2)

Eyr[.oMTION

Receaszd

cnrer
Ewtaangen

SPecraczsy
ExrioRATIoN

Rich picture for
Exploration Use Case
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Solution 8 (3)

— = One way data transfer*—by chief engineer approval only s epandenton uniocked stite

— = Automatic data push behaviour*

CHIEF
ENGINEER
APPROVAL

Implementation
Schema

Fully functional

Modular ARCHITECTURE _ MMS DASHBOARD
BUBBLE Architecture

Intuitive | -

Exploration
LINKMAPS

Management of:

I
1

[ Configuration Control
[
\ » Model Linking
[
[
\

Verification Evidence

Copyright © 2024 by Paul Davies.
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Solution 9

i
-
—
e
o

Produced Activity Diagrams and IBDs to
confirm correct design...

Ll

But then implemented all the linking and the
Dashboard in Python!

I f %} H:!' |

With excellent and compliant results

Copyright © 2024 by Paul Davies. o8
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abiocks
Case Study Models

S5 Us# Case DRQrams - £55 Use Ca
53 Requrems

[ = ¥ = 2 F e e "'““ 1H 1 e
- - Group 5 MMS Dashboard

Input the requirement change inta the WIP

o | “CSS Requirement Compliance” section of
Specinit Model Capasi homd

'

Capacity Config Record 0 nit, select “Submit for baseline™

b0
Dashbaard 01

“metaltodel System Hetaiose!
e Dapansency
W

T — Similar method to Solution
— 9, but different models and

Sheet : DashboardData

. Use Cases

DashboardData

Sheets : DashboardData

Dashboard etc this time In
VBA / Exce

DashboardData

And just as good!

Copyright © 2024 by Paul Davies.
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Observations on Solutions

1. A common failing — not reading the requirements properly. Many SEMPs focused on the Case
Study System, not the MetaModel System

2. Everyone leaps to the Architecture solution space before understanding the context correctly.
Early tutor reviews focus on getting correct Use Cases and Activity Diagrams

3. Requirements were deliberately incomplete, to represent real projects. This tests groups’ ability
to challenge, refine and interpret the real CM use cases.

4. Everyone struggles with IBDs, Constraint Blocks and Parametric Diagrams.

5. Very few groups managed to automate their Activity Diagrams fully, but most were able to show
how it should work with better tool suite interoperability.

6. Coupling between CSS, MMS and specialist models varied enormously — leading to trades
between efficient, customer-specifc operation or modularity of the MMS.

Copyright © 2024 by Paul Davies.
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Observations on Groups

1. Most teams started well, by comparing notes on individual strengths and weaknesses, plus relevant

modules previously undertaken, before assigning project roles.

2. Not all groups listened properly to the guidance given by the course tutor. There was a strong

correlation between those who listen well and high-scoring solutions.

3. Not all team members ‘got’ the concept of the metamodel, and there was a marked difference in
speed of compilation of a mental map of the relationships between the MMS, the CSS and the
animations of the relationships between them. The best system architects managed to convey this

mental model to their group.

4. All teams collectively underestimated the effort required for architecting and integration — again,

representative of real project life!

Copyright © 2024 by Paul Davies.
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Students’ Individual Reports

« The final required piece of coursework:
— Analysis of group achievement of the learning objectives
— Their solution, the processes used, and the team dynamics
— Suggested improvements based on assessor feedback and further personal research

— Lessons learned and portability for future work benefit

« The final project week lecture suggested more advanced tool suites, e.g.

Intercax Syndeia, Cameo Systems Modeler and Ansys ModelCenter:

— Abig discriminator between students was their motivation and ability to follow up the

references and apply them to the project challenge context

Copyright © 2024 by Paul Davies.
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Conclusions

Realism — students
appreciate the opportunity to
put together their learning in
a realistic project context

Dealing with Ambiguity — the
gaps in the requirements lead
to productive group debate on
resolution — again, realistic

Tailoring — SEMPs are
useless if they are generic
repeats of standards. Every
project is unique

2-6 July 2024
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Toolset Integration — often claimed
by toolvendors, in real life it’s never
that easy. Students learn what they

need to do, then how to do get

towards a real ASOT.

Variety — the range of
solutions shows that MBSE
does not reduce SE to
simply following a recipe

Successes of the Module:

Cohorts of students better
armed to deal with projects
Proof that MBSE integration
can be achieved in 4 days by
a small group with help
Positive reviews by external
assessor, and by students
themselves 34
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