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ARCHITECTURE OF SYSTEM OF SYSTEMS

System of systems (SoS) key characteristics: ﬂg e

Operational independence of constituent
systems

Managerial independence of constituent systems
Geographic distribution

Emergent behavior

Evolutionary development process

Distribution Grid

To describe a System of Systems architecture, an
architecture framework is needed.




| Confidential Information | 8/25/2023

© Dassault Systémes

UAF IS A STANDARD... UAF
O UMIFIED
» To develop architectural descriptions % :;;:J_“_T;,___,;;;: N
- in commercial industries, federal governments and military organizations
* Applied for many different use cases:
- System of Systems engineering,
- Enterprise as a System engineering
- Cyber-Systems engineering
- enabling Digital Transformation Planning
* Developed by Object Management Group (OMG) with the leadership from Dassault
Systemes and Lockheed Martin

* |s an international ISO standard ISO/IEC 19540:1 and ISO/IEC 19540:2

» Current version of UAF specification is 1.2
https://www.omg.org/spec/UAF/1.2/About-UAF/

2
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https://www.omg.org/spec/UAF/1.2/About-UAF/
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STRATEGIC VIEWPOINT
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STRATEGIC VIEWPOINT: DEFINING SOS PHASING

Phases for city bus depot modernization:

wilhole Life Enterprizes
Elm Spring= : City Bus Depot
whctual Enterprize Phases F@ whetual Enterprize Phasew F@ whctual Enterprize Phases F@
Die=el and Trolleybus Fleet : Full Electric Bu= Fleet : Self Driving Bu= Fleet :
Tansportation Phase Tansportation Phaze Tansportation Phase
FoEfUENCE: SSRCUENCE: ?
Actual Strategic Phase Mame Start Date End Date 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
3 [=] Elm Springs : City Bus Depot Jan 1,2020 Dec13,2035 @ v
F@ Diesel and Trolleybus Fleet : Tansportation lan 1, 2020 Dec 31, 2024 [ Diesel and Trolleybus Fleet ]
F@ Full Electric Bus Fleet : Tansportation Phase lan 1, 2025  Dec 31, 2029 [€5 Full Electric Bus Fleet |
F(E Self Driving Bus Fleet : Tansportation Phaselan 1, 2030 Dec 13, 2035 (5 self Driving Bus Fleet ]
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STRATEGIC VIEWPOINT: IDENTIFY REQUIRED CAPABILITIES
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DEVELOP SYSTEM OF SYSTEMS ARCHITECTURE
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SYSTEM OF SYSTEMS ARCHITECTURES

* Architectures for SoS:; =

Phasze 1 City Bus Operations 1

- Operational Architecture: define requirements for oo 5 S

Ph 1 Dispatch Operations Ph 1 Diesel Bus Operations
capabilities implementation
wOperational Performers 5 wOperational Performers
Ph 1 Bus Maintenance Operations Ph 1 Trolleybus Operations

- Resource Architecture: design solution .
architecture that enables capabilities and P 1 Drior Oporations

implements operational architecture

- Service Architecture: capture service-oriented or
functional architecture if needed S=E

- Security Architecture: identify possible risks and s
threats in the architectures above and design how T T

g l J.
to I I “tlgate thel I I sCapability Configurations .~ Organizations @ «Capability Configurations ©" oSy stems

«lrg;
Electric Bus Fleet Park Operator Ph2 Electric Bus Charging Station

S0 B | @
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SOLUTION ARCHITECTURE

» Defined in Resources viewpoint of UAF

 Individual Solution Architectures are created for each of actual enterprise phases

« Multiple alternative architectures may be created for the same phase, to experiment with
possible solutions

assault Systemes | Confidential Information | 8/25/2023
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&
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SOLUTION ARCHITECTURE

 Defined resource cofigurations enable capabilities from Strategic viewpoint

Urban Transportation Ph1
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Q‘@
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PLANNING CAPABILITIES DEPLOYMENT
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PROJECTS VIEWPOINT: PROJECTS AND MILESTONES

» Projects and their milestones enable capabilities deployment

Project Mame Start Date

= ~+ Bus Operation : Bus Operation Jan 1, 2020

<= Cperation of Mixed Buses ! Bus Operation lan 1, 2020

<+ Qperation of Electric Buses : Bus Operation lan 1, 2025

[ -+ Electric Bus Infrastructure : Infrastructure Depl...  Jan 1, 2023

<« Deploy Charging Stations : Infrastructure DephSep 1, 2023

<+ Upgrade Bus Yard Infrastructure @ InfrastructureMar 1, 2024

© Dassault Systemes | Confidential Information | 8/25/2023

<= (Obtain Electric Busses ! Infrastructure Deplaoym Jan 1, 2023

< Train Staff : Infrastructure Deployment Jun 3, 2024

= ~+ Electric Bus Retirement : Infrastructure Retirem... Jan 1, 2030

<+ Remowve Charging Stations : Infrastructure Retitlan 1, 2030

< |Milize Electric Buses i Infrastructure Retirement lan 1, 2030

End Date

Dec 31, 2029

Dec 31, 2024

Dec 31, 2029

Dec 31, 2024

Mav 2, 2024

Mo 2, 2024

Ot 3, 2024

Dec 31, 2024

Feb 10, 2031

Sep 30, 2030

Feb 10, 2031

207 s e 2020 2021 2022 2023

2024

2025

026

2027 2025 2029 2050 2051

= |BuUs Operation i

= Operation of Mixed Buses

< Electric Bus Infrastructure

~++ Dperation of Eleckric Buses

= |Deploy Charging Stations

=+ Upgrade Bus Yard Infrastructure

4| Obtain Electric Busses

“ Train 5taff

v

L4 Eleickric Bus Retitement| | | | Hgiee—

<+ Remove Charging Stations

# [ Utilize Electric Buses
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PLANNING CAPABILITIES DEPLOYMENT
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RESOURCES VIEWPOINT: RESOURCES EVOLUTION

« Versions of configuration timeline for urban transportation
» Separate resources architectures are defined for each of them

YWersion of Configuration 2o 20200 2021 2022 2023 2024 2025 2026 2027 2028 2025 2030 2031 2032 20533 ..
,:ji tlized Transportation [ Urban Tmnsporaton Ph |
(ji Electric Bus Transportation [ Urban Tmnsporaton Ph2 |
,ji Self Driving Bus Transportatic \ [ Urban Tmnsporaton A hie... >
eban Transporticion iz
I.e-l
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RESOURCES AVAILABILITY: APPLYING MILESTONES

* Project milestones assigned to resources define for what period of time resource is

Project Name wo2mg 2020 2021 2022 2023 2024 2025 2026 2027 2028 2009 2030 a Gl SO gy
N Urban Transportation Ph2
3 <+ Electric Bus Infrastructure : Infrastiucture Deplo...

A < Elertric Bus Infrastructure

55
=

& Deploy Charging Stations : Infrastructure De.., § “ [Dieplay Charging Stations EF=d
< Upgrade Bus Yard Infrastructure (9

4+ Obtain Electric Busses

< Upgrade Bus Yard Infrastructure | Infrastruct..,

«Capability Configurations

4 Obtain Electric Busses @ Infrastructure Deplay..

<+ Train Staff : Infrastructure Deployment 1 < Train Staff,

Electric Bus Park
wCapability Canfigurations ©°’ aSytems

wCapability Configurations. @
HoH| Electtic Bus Retirement | || THgF o p Electric Bus Fleet Park Operator Ph2 Electric Bus Charging Station

= wirganizations
I 4 Electric Bus Retirement : Infrastructure Retireme... J

“ Remove Charging Stations ; Infrastructure Ru.

@]
Maintenance = E . .
X PRE 82
4 Remave Charging Stations I I Ik
oa =t e RS
y A | |
‘u"er[n Withdra

# Marme Start Date ‘ Wersion Released | vr ‘
1 \’? Bus Yard Deployed Service 2024-11-02 @" Electric Bus Maintenance
2 <§’ Charging Stations Deployed InService 2025-05-15 O Charging Station
3 <% Diesel Bus Maintenance OutOfSgina OutOfSepvice 2025-01-01 @ " Digliel Bus Maintenance
4 \’? Electric Bus Staff Trained InService 2024-12-31 @ Park Operator Ph?
] <% Elecric Bus Staff Retired OutOfservice 2030-01-01 tk Operator Ph2
< <§" Electric Buses InService InService 2025-01-01 af Urban Transportat
¥ \’? Electric Buses Obtained InService 2024-10-03 @" Electric Bus Fleet
8 <% Electric Buses OutOfService OutOfService 2029-12-31 rban Transportation Ph2
@" Electric Bus Fleet 7

. . . " Electric Bus Maintenance DASSAULT

9 % Electric QutOfiervice OutOfService 2030-1-01 Ej Charging Statian DS SUSTEMES

BT Park Dreratnr Ph?
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STRATEGIC PHASING

* Resource configurations implement capabilities
« Resource availability is defined by applied project milestones

Full Electric Bus Fleet

Starty | Jan 1, 2025
End; | Dec 31, 20:9

Filter; | 7

Show Capability lcons
; Grid Lines
Highlight Cap

Capahility Mame

3 @ Mixed City Transportation

@ Transportation by Diesel Bus
@ Transportation by Trolleybus
@ Dispatch and Operate Diesel Bus and Trolleybus
@ Maintain Diesel Bus and Trolleybus
3 @ Electric Buses City Transportation
@ Transportation by Electric Bus
@ Dispatch and Operate Electric Bus
@ Maintain Electric Bus

@ Charge Electric Bus

All capabilities are
enabled by
resources during
the selected actual
enterprise phase

2020 2021 2022 2023 2024
v v
J
J
J

2023 2026 2027 2028 2029 2030

(- Diesel Bus Fleet

[ Trolleybus Fleet

(%7 Park Operator Ph1

[ Trolleybus Maintenance - Diesel Bus ...|

v

[~ Electric Bus Fleet <% Urban Transportatio...)

(%7 Park Operator Ph2 ]

[~ Electric Bus Maintenance ]

[ Charging Station ]
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IMPACT ANALYSIS

« Changes of the milestone dates impact availability of resources
* This may cause delay of capabilities deployment

Project was delayed Resource availability is affected
Milestone date postponed to later date

202 2022 2023 2024 2025 2026 # | MName Kind | Start Date | x‘u"ersion Released
< Electric Bus Infrastructure ¥ > 4 1 (9 Bus Yard Deployed InService 2024-11-02 @" tric Bus Maintenance
2 <§° Charging Stations Deployed InService O Charging 3tation
. ' o 3 & Diesel Bus Maintenance OutOfService OutOfService 2025-01-01
% 4 <% Electric Bus Staff Trained InService 2024-12-31 2 Park Operator Ph2
~- Uparade Bus Yard Infrastructure *9 Mame: Charging Stations Deployed 5 & Elecric Bus Staff Retired OutOfService 2030-01-01
Date: 2025-05-15 - -
<2+ Qbtain Electric Busses 4
- Train Staff «§©
Capability Name . 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2
= @ Electric Buses City Transportation W v
Capablllty |S not (C) Transportation by Electric Bus [~ Electric Bus Fleet_<» Urban Transportatio...
. S ) Dispatch and Operate Electric Bus 21 Park Operator Ph2
avallable When needed @ Maintain Electric Bus - Electric Bus Maintenance
@ Charge Electric Bus 6 - Charging Station




TAKE AWAYS

« SysML does not provide enough tools for system of systems (SoS) modeling

« Unified Architecture Framework (UAF) is widely used for SoS and Enterprise
Architecture modeling

— « UAF is used not only to define SoS architecture, but also for capabilities deployment
. planning

» UAF can help understanding SoS milestones, resources availability, plan capability
2 deployment

UAF cannot replace project management tool!
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