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What do you mean?

iif;li Architecture Modeling & @' Behavioral Simulation @

Defining the architecture of the System of Simulating the behavior of the System of Interest
Interest, system context, requirements, use  Logical (e.g., fUML, State Machines, ...)
cases, intended behavior ..., RFLP. . Physical (Modelica, 0D...3D simulations)
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De-/Prescriptive = Specification Observatlve 9 Analysis
« What | want » « What | likely get »
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https://fetchcfd.com/view-project/3086-cfd-analysis-of-football-
https://mbe.modelica.university/behavior/discrete/bouncing/
https://mbe.modelica.university/behavior/discrete/bouncing/
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Why should | bother?
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MODELING ] subject
LANGUAGE

objective
‘ doc Estimate the vehicle fuel economy

«analysis»
engineTrade OffAnalysis: Trade Study

subject
vehicleAlternatives [2] :> vehicle_b

objective :MaximizeObjective
doc Select vehicle alternative with the engine
whose evaluation function returns the max value

alternatives
vehicle_b_engine4cyl:>vehicleAlternatives
vehicle_b_engine6cyl:>vehicleAlternatives

calcs

:>> evaluationFunction {
in part vehicle:>vehicle_b;
return attribute eval:Real=EngineEvaluation
(vehicle.engine mass,
vehicle.engine.peakHorsePower,
vehicle engine.fuelEfficiency,
vehicle.engine.cost)}

ers

km/|

ES
ario)

Jistance(scenario)

1gine)
tance(vehicle_b.mass, bsfc,

me(vehicle_b.engine)
sumption(f_a, f_b, tpd_avg)

Friedenthal (2024)

Verification Case
Analysis Case

\ Trade Study /

2-6 July 2024

O

=
e
stmmeuncz

Recurring What If? Questions

~N

Accept Final

~ M@ to be answered by analyses | "

>> Behavioral Simulation

MODELING Syslem

Models

Define
Aggregates

Define

Elements Element

Models

Implement,

\_
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Integrate, V&V
System

Integrate, V&V
Aggregates

Integrate, V&V
Elements
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HOW STANDARDS PROUFERATE:
(652 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

M?! RiDICULOLS!
WE NEED To DEVELOP

ONE UNIVERSAL STANDARD ~r

I\/Iany good examples though
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https://xkcd.com/927/

MBSE & Engineering Analysis Fundaments

% Communication

Neoss OOSEM SAM
Mindset
loGelica @ @ AMEO 9 .
O my N &
) : N == Capella Knowledge
%AADL ARCADIA @ @ g

Telelogic/IBM Harmony™ @ENESYS' ):’/ Skills
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N4 Modelica OpenVFOAM
e _// » Language CEX

ARCADIA

[EnY ©AADL

P C

@ python’ e
'H‘ 'ﬂ‘ Communication
.. & Mindset
Methodologies %
= J : People Rigor
neos: OOSEM «
O/\0/\O/\O
Telelogic/IBM Harmony™ @ Knowledge
s A/ & sils

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 7



An even better model

iif;li Architecture Modeling & @' Behavioral Simulation @

Languages

Languages

Methodology People People Methodology

Systems Engineer \O/ \O O/ \O/ Systems Analyst
needs are an early validation of to satisfy the system analysis
the modeled architecture and the needs by simulation, but also to

optimization of system properties Customer < Supplier provide feedback on missing
by varying design variables in a Relatlonshlp information in the SysML model
design space. to fulfill the required simulation.
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Implement languages In

&'?:;'i Archltecture Modeling & "@r Behavioral Simulation ﬂ“ﬁ&
g sl g @B Sy sPhs ‘ mobelica IR
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...and add methodology

gj;lﬁ Architecture Modeling & @' Behavioral Simulation @

SVST%HE %\% S'ST%:‘S: & [ ] @ @ .E...u#..
0 T T (E—ysPhs I e 20

© 0

Methodology
Generate @

Modelica model
with same
structure as
SysML
architecture.

0 @ ©,

Import Modelic3 Generate -
; Specify analyses
connectors into system S e

studies based on
requirements
and architecture

Component Verify and
Compile model sizing and validate system
into executable behavior behavior and
code for optimization as check that
simulation. per analyses requirements are
specification. met.

Extend template
with behavior
and add detailed
sub-systems as
needed.

SysML to get architecture
physical based on
compatible requirements

interfaces and eng. data

Adopted from “Open Standards SysML and Modelica Integration Strategy”. Jyothi Matam and Saulius Pavalkis. Presented at the INCOSE Western States Regional Conference (WSRC) 2023.
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Systems Modeling and Simulation

Mission Engineering, Systems of Systems Behavioral Modeling

Accept Final

Mission Analysis I. Requirements modeling : :
Systems Architecture MSOVDSET:[I%E%\E ArChiteCtural mOdeling (e.g., SySML)
Software Architecture LANGUAGE ' . '
Safety Analyses S ssen  M&S of system behavior (e.g., SysML/fUML/SM,...)
Trade Space Exploration /: . he o . . .
. Modelica O - «;}ﬁ‘%}(Iumped-parameter) System Simulation (e.g., Modelica)
ystem Simulation 4 IEEE ‘ 3 % ~ - . >
System optinZNsin VHDL-AMS € % «% .sg\ Analysis and Simulation (%

Define Aggregation of system element models into

Aggregates Aggregate

Modes  some system-level simulation framework

) \ =

Conceptional methodology work Engineering analysis/M&S ¢ )
ongoing in the NAFEMS INCOSE | ® system elements
Systems Modeling and Simulation \.\ o

& Working Group (SMSWG) &8 arews |, 1 quie, or geuse clements

Adapted from INCOSE SEHv5
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-Ements modeling
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_f)nystem behavior (e.g., SysML/fUML/SM,...)
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Real-time collaboration

..and add methodology
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Real-time
collaboration || = -
capabilities of modern| = =&
will require more| = —

tool connectivity and | = -
automation as wellas | ©
new methodologies.
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Take aways

&";j;"i Architecture Modeling % @' Behavioral Simulation @

Languages

Methodologies

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 14



P
W

5 July 2024

Architecture Modeling &

,,,,,,,,

\_

Languages

People

Methodologies

/

@' Behavioral Simulation @




N 34th Annual INCOSE

international symposium
: hybrid event
!'u RN

7 Dublin, Ireland
'y July 2 - 6, 2024
www.incose.org/symp2024

#INCOSEIS




