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Introduction
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Motivation

« MBSE practices are widely applied to enterprise
(including system of systems and mission)
architectures, which become a crucial part of
successful digital transformation.

- Joday's primary challenge encompasses not only the
establishment of digital continuity by interconnecting
different-.model_layers but also the successful
execution of-detailed analysis and simulation within
the enterprise-level model.
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Purpose

 Our paper proposes guidelines for co-executing system
models defined in Systems Modeling Language (SysML) in the
integrated model of Unified Architecture Framework (UAF)
resource configuration.

« The approach covers end-to-end co-execution of the
integrated enterprise model.

« A thorough_SoS—case study on urban transportation is
presented to prove-the usefulness of the proposed approach in
the overall lifecycle of system engineering.

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS 6



Core of the proposed approach
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Alignment between levels of abstraction of
UAF and MagicGrid
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An approach to co-execute SysML
system models in an integrated UAF
resource configuration
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Workflow of co-executing SysML system models

within UAF resource configuration approach
|

1. Determine SoS architecture 2. Define SysML system problem domain 9( 6. Determine SoS configuration )
model [
%
| | [7. Make SoS config inherit from UAF resource]
%
3. Determine SysML system solution domain |
model | N
| 8. Redefine UAF resource with SysML block
| created in step 4
N I
4. Determine SysML solution config model | W
| C 9. Create analysis config )
\/ | /" 10. Make SoS config as a resource role of the D
Project Levels [5. Make SysML solution domain model inherit j 5 L analysis config )
from UAF resource -
[] UAF SoS v
[] SysML System (MagicGrid) " 11. Co-execute SysML system models in an |
[[] Analysis L integrated UAF resource configuration

®

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS



Workflow of approach within Requirements in the

Loop
O
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[1. Determine SoS architecture} { 2. Define SysML system problem domain ] [ - 9( 6. Determine SoS configuration )
model
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V" | \\ Y
4. Determine SysML solution config model \V/
| ( 9. Create analysis config )
I I
%
\/ | 10. Make SoS config as a resource role of the
5. Make SysML solution domain model inherit | analysis config
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%
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12. Perform requirements in the Loop | é
simulation -
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Approach: SoS level project / UAF
Resource Configuration (1)
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Approach: SoS level project / UAF Resource
Configuration (2)

Resources Internal Connectivity [ Resource Architecture ])

system1 System 1 system 3 System 3
system 2 System 2
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Approach: System level project (MagicGrid) /
SysML system model
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Approach: Analysis level (1)
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Approach: Analysis level (2
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Case Study
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Case Study — System Of Interest (1)

* The City Transportation System was chosen as
the subject for the case study

* Using the proposed approach, our objective was
to analyze and compare the performance of
different Electric Bus fleets configurations

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS 18



Case Study — System of Interest (2)

 This selection was made because this iIs
understandable system and has SoS
characteristics

* The question at hand is how to transition from
executable SysML models to executable UAF
models
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Focus of the Case Study

 Given the immmense size of the

SoS and its associated
systems, we have focused our

primary attention on a specific
criterion for the analysis of the
case-study

« —The-primary criterion
considered for the case study
was the operating-cost

Strategic Taxonomy [ @ SoS Capabilities ])

«Capability» @

Operating Cost Zero Emission Urban Transportation

N
|

«refine»

«requirement»
Operating Cost
Id ="ST-3"
Text = "Operating cost of
electric bus fleet shall be
less or equal to traditional
ICE bus fleet"

«deriveReqt»

«requirement»
Operating Cost Per
Kilometer

Id ="SYS-1"
Text = "Operating cost for
one kilometer driven by the
electric bus shall be less
than 0.8 Euro"

«requirement»
Buses Fleet Capacity

Id="ST-1"
Text = "Provide

infrastructure to operate 100

electric buses daily."
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Definition of Model

« We start at SoS and define structural and
behavioral views

I (Personnel States | Park Operator ]J

Operating after (16h) Ch:
Buses entry
[entry / StartShift
’ —
/[ after (8h)

(Resources States | Blectric Bus Fleet ])
? Operating
Ll ] Startshift [
Charged [RemainingBus == 0] StartCharging
f Preparing For Next Shift
entry / min =5;
max = 15;
cBatteryLvl = (Math.random()*(max-min+1))+min;
A
Charging
Charged X
H entry / StartChargeGroup1 H Maintenance ]
exit/ GoToCharge
. J
. " ChargeRemainin gliarging ]
Maintenance J entry / StartChargeGroupZJ
J
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Model-based Analysis

* Next step involved the definition of analysis
model responsible for calculating the

Resources Parametric [ @ To(alOperatingDays]J

«ResourceRole»

Urban Transportation.Transportation Park : Bus
Transportation Park

«Measurement»

workingDaysPerY : Integer

«Measurement»
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«ResourceRole»

: Electric Bus Fleet
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&
elFlow
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«constraint»

: TotalRequiredCapToCharge
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1
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Inherent Probabilistic Characteristics of SoS

* S0S model had few stochastic features
* Therefore Monte-Carlo analysis was applied

700
600

500

Mean | Standard 400
Value | Deviation 300
Euro Euro 200

ol JIETL T 0.7940  0.0643 10000
Cost per ;

.

Euro
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S0S Individual System Analysis

* This was initial analysis of So0S

* |n systems engineering processes this could categorized
as Business/Mission Analysis and Stakeholder Needs
Definition

» After these steps the SoS is then subjected to analysis by
each individual system

« _Since SE-processes are not linear and sequential, it
should_be-anticipated that information from lower-level
processes will be fed back to higher-level processes

* Need to integrate executable SysML models to UAF
models
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Transportation Park Analysis

* During the analysis at the system level, the potential for

incorporating a solar energy generation system is identified

bdd [Package] 2 Conceptual Subsystems Communication[ Conceptual Subsystem ])

«System» O
Bus Transportation Park

a

«block»
Bus Transportation Conceptual

Abstraction Domain
[ sos
[] problem (MagicGrid)
[ solution (MagicGrid)
[] configuration (MagicGrid)

(] [ ¥ L
transportation

Fleet electricityTranW energy Storage
=

energy Generation hicle Energy Provider
N

electric Bus inverterSyWitoring System solarPla

[) ) ) ) ¢

«block»

Bus Transportation Architecture

|

15'20 JUIy = 2 «block»

Bus Fleet Configuration

«block» / «block» «block» «block» «block»
Transportation Fleetl Electricity Transformation Energy Storage Energy Generation \\Vehicle Energy Provider
N N A - AN N
I«abs action» I«abstraction» \«abstraction» I«abstraction» l«abstraction»
~N
| | ~ | |
«block» \ «block» «block» «block» «block»
Electric Bus Fleet rMaverter Sytem Energy Monitoring System Solar Plant Charger Station

charger Station
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Configuration of SoS Model

« Inheritance is not enough. S0S components need to be redefined

wit

15-20 July

n updated system description from System models

Resources Connectivity [\% Resources Connectivity 1 ])

«ResourceArchitecture» &
Operating_Cost_Analysis
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Urban Transportation
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Urban Transportation SoS Config
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parts
A«ResourceRole» Electric Grid : Electric Grid
A«ResourceRole» Electricity Consumer : Electricity Consumer [0..%]

«Resourc@us Transportation Park : Bus Transportation Park

aa——————— ————
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Rinse and Repeat
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Conclusions
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Summary and Conclusions

The industry is exploring ways to transition from SoS models to
Systems models in their modeling approach

This paper presents a potential method for connecting and co-
executing SoS and System models

This proposal is based on the concepts of UAF, SysML and the
MagicGrid framework

The proposed approach necessitates inheriting System Level models
iInto-SoS Level' models in order to redefine an updated system

From case study we.understood that the most sensible approach is to
redefine the atomic systems of SoS, since this allows the most
straightforward system model integration into a SoS model
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More on UAF

Unified Architecture Framework MagicGrid

iti Listed group

Unified Architecttre Framework m MagicGrid

https://www.linkedin.cOm/groups

/8878655/
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iti Listed group
https://www.linkedin.com/groups
/9016086/
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Q&A
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