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1. Introduction

1.1 Purpose

The purpose of this report is to provide a cursory description of some of the leading Model-
Based Systems Engineering (MBSE) methodologies used in industry today. It is intended
that the material described herein provides a direct response to the INCOSE MBSE Roadmap
element for a "Catalog of MBSE lifecycle methodologies” [1].

Tn this renort. a methodoloav is defined as a collection of related nrocesses. methods. and
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Context System

System Under Design

Designing System 3 SYST E M S
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4 755D (tricotyledon theory of system desigu)

A system is a tuple S=|Z, 7, Slr, {Slt}, o, F), ©, y(Z, O©)], where:

2 is a set of states;
T Is a system time scale;

S|t is a set of inputs;

- W}- Is a set of input trajetories;
o(t, ) is a state function, matching initial and output states;
- © is a set of outputs;
- yYy(X, ©) is a transfer funcion that maps output states and outputs;
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A key aspect that is elaborated on in the second part of the MBSE book is Wymore’s
introduction of T3SD and identification of the six core categories of system design

requirements (SDR), which he defines as follows:
SDR = (IOR, TYR, PR, CR, TR, STR) where

i) IOR is the I/O requirement,

i) TYR is the technology requirement,
i) PR is the performance requirement,
iv) CR is the cost requirement,

v) TR is the trade-off requirement, and
vi) STR is the system test requirement.
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mccording to Wymore, across all projects, the system has to verify that these sa
conditions are met. This has direct relevance to the discipline of systems
engineering. Systems engineering considers as many alternative implementable
system designs as possible and selects the best with respect to the tradeoft
requirement, finding the implementable systems design that is optimum with
respect to the tradeoff requirement and most likely to pass the system test, if

kpossible. J
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SDR = (IOR, TYR, PR, CR, TR, STR) where

i) IOR is the I/O requirement,
ii) TYR is the technology requirement,

iii) PR is the performance requirement,

iv) CR is the cost requirement,

v) TR is the trade-off requirement, and
vi) STR is the system test requirement.

MECATRONICA

FSR, the space of functional system BSR, the space of buildable
designs generated by the I/0 system designs, generated by the

requirement IOR technology requirement TYR

f‘r /
\fé"@l ISR t:eRspace of implementable
3 : B

system designs, generated by the
I/O requirement IOR and the
technology requirement TYR

TR

ISTISR, the
space of

R N s e

STR, the system test requirement, .
is a function over ISTISR defining lsngstlzlr:entable
observance, compliance, conformance, tost tarns
and acceptance of REAL—;S.Y,SLTEM - generated
by IOR and TYR

o W
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Method. Proponent Reference

IBM Harmony-SE IBM not specific IBM Rhapsody

OOSEM INCOSE not specific INCOSE/OMG
IBM Rational IBM RUP IBM Rational
Vitech Vitech CORE www.vitech.com
JPL JPL State DB C;ITeLch

Wwww.opcat.com
ISO/PAS 19450

Dov Dori (1995) OPCAT
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http://www.vitech.com
http://www.opcat.com

OOSEM - Object-oriented System Engineering Method

OOSEM appear in mid 1990’s in an attempt to
reinforce object-oriented method to system design.
It turns to an INCOSE chapter in 2000 and receive
later the support of OMG.

In 2012 Morgan Kauffman published a book by
Friedenthal, Moore and Steiner with the title “A

Practical Guide to SysML”, where OOSEM is

detached as a method and SysML the specification

language.
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Prof. José Reinaldo Silva

12

PMR5020




Stakeholder "é‘;;‘tae?f Plan
Reqts Development
Status

Technical data

'\ Test procedures
Define System Integrate

Reqt's & ) & Test —» System
Design System arch System |
/ Allocated reqt's v

Procedures Verified

Data System

Hardware Component
Software i

Develop #
—p  System
Components [

Prof. José Reinaldo Silva

PMR5020

13




_ Major SE Development Activities
«Causal analysis

sMission use casesfscenarios
eEnterprise model

Analyze
Needs

Define «System use cases fscenarios
System eElaborated context
Requirements| *Req’ts diagram

Define eLogical decomposition
Logical eLogical scenarios
Architecture | *Logical subsystems

Optimize &
Evaluate | «Parametric Diag
Alternatives | ¢Trade study

Synthesize *Node diagram
Validate & Allocated |*HW, SW, Data arch
Verify *Test system Architecture |*System deployment
System oTest cases

Common Subactivities
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S\Vitech

An integrated, open model-based systems engineering
environment that's both scalable and extensible, delivering the
power of MBSE to the enterprise.

@ CORFE’

Pri mary CO ncurrent Engl neeri ng ACthl tl es At EaCh Layer A comprehensive integrated model-based systems engineering

environment with rich capabilities for the engineer and continuous
project insight.

Originating Behavior Synthesis/ Design
- Requirements Analysis Architecture V&V
Analysis R -
L S sE ~—.. = Layer1
(Draft 1)
Source System Design Database Specification & Report Generation
Documents
f Iterate as Required I 1 When Layer Completed
Behavior Synthesis/ Design
kel Analysis Architecture V&V
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del ed fr e — =
the prior layer SiEieo ﬁ_g:%_é R (Draft 2)
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0. Define Need &
System Concept

1. Capture Originating
Requirements

2. Define System Boundary

3. Capture Originating
Architecture Constraints

4. Derive System
Threads

5. Derive Integrated System Behavior

6. Derive Component Hierarchy

7. Allocate Behavior to
Components

8. Define Internal
Interfaces

SCHEDULE

9. Select Design

10. Perform Effectiveness & Feasibility Analyses

11. Define Resources, Error Detection, & Recovery Behavior

12. Develop Validation Requirements/Validation Plans

| 13. Generate Documentation and Specifications

Top-down Model

An integrated, open model-based systems engineering
environment that's both scalable and extensible, delivering the
power of MBSE to the enterprise.

@ CORFE’

A comprehensive integrated model-based systems engineering

environment with rich capabilities for the engineer and continuous
project insight.

INCOSE MBSE Initiative

g'ygt%(:ra\t;oundary L mOdify
Find the top, - - ;
P 7. Derive As-Built | 7a. Modify Reqts & i CoNn
System Reqts. Arch. Constraints
6. Derive As-Built 6a. Modify System
System Threads Threads
5. Aggregate to As_-Built 5a. Modify & Decompose
System Behavior System Behavior
4. Derive As-Built Behavior 4a. Allocate Behavior
of Components to Components
3. Capture Component 3a. Refine Component
Hierarchy Hierarchy
2. Capture Interfaces SCHEDULE zlani e[’r?aﬁcfs

1.Define System Boundary

9. Select Design

10. Perform Effectiveness & Feasibility Analyses

11. Capture Error Detection, Resource, & Recovery Behavior

12. Develop TestPlans

13. Generate Documentation and Specifications
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B Artificial Intelligen

ESML

Enterprise Systems Modeling Laboratory

Home About v Courses

Projects ¥+ OPM v  Publications v  Conferences & Meetings v  People v  Gallery

OPCAT installation

Before installation please check if the latest Java version is installed on your computer
(OPCAT does not work with Java 7)

For Java download follow Java SE Runtime Environment link

1. OPCAT Download (please choose OPCAT version)

OPCAT is free under GNU General Public License - http://www.gnu.org/licenses/gpl-

30enhtm| and gratis (no fee required), but without commitment to provide access to

the source code.

e Getting started
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OPM has been adopted as ISO
19450

CESUN - Council of Engineering
Systems

OPCAT Download

Intro to Model-Based Systems
Engineering: Dov Dori interviewed
by Bruce Cameron

Ontology Summit 2018

Systems Engineering and
Architecture: Principles, Models,
Tools and Applications.
Technion - Israel Institute of
Technology

MBSE with OPM & SysML book,
Springer 2016

AMDCLE wiith NMDAA ©. Cuahdl hAanl
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» An object is a thing that exists or has the potential of existence, phy:

mentally.

» A process is a pattern of transformation that an object undergoes.

» A state is a situation/ an object can be at.

OPD

OPL

Person

Person can be single or married.

Marrying changes Person from single to

Man Woman

married.
Man and Woman are Persons.
Marrying yields Couple.

Couple consists of Man and Woman.

Escola Politécnica da USP
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System
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SD1.2
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HugeDomains. o

Hundreds of thousands of premium domains

Opcat.com is for sale

Questions? We're here to help! Call today:
1-303-893-0552

Buy Now: $1895 Finance This Domain: $1895

12 monthly payments of $158
- . OR » Start Payment Plan
Take Immediate ownership

Transfer the domain to the Registrar 12 monthly payments, only $157.92 per month
of your choosing

Start using the domain today See details

Talk to a domain expert: 1-303-893-0552

Hurry - once it's sold this opportunity will be gone!

Besides being memorable, .com domains are unique: This is the one and only .com name of its kind. Other

extensions usually just drive traffic to their .com counterparts. To learn more about premium .com domain
valuations, watch the video below:

T EWUle 'UBC neinnialvuv giiva
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ESML

Enterprise Systems Modeling Laboratory

Home About v Courses

Projects ¥+ OPM v  Publications v  Conferences & Meetings v  People v  Gallery

OPCAT installation

Before installation please check if the latest Java version is installed on your computer
(OPCAT does not work with Java 7)

For Java download follow Java SE Runtime Environment link

1. OPCAT Download (please choose OPCAT version)

OPCAT is free under GNU General Public License - http://www.gnu.org/licenses/gpl-

30enhtm| and gratis (no fee required), but without commitment to provide access to

the source code.

e Getting started
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OPM has been adopted as ISO
19450

CESUN - Council of Engineering
Systems

OPCAT Download

Intro to Model-Based Systems
Engineering: Dov Dori interviewed
by Bruce Cameron

Ontology Summit 2018

Systems Engineering and
Architecture: Principles, Models,
Tools and Applications.
Technion - Israel Institute of
Technology

MBSE with OPM & SysML book,
Springer 2016
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< System
“a metamodel is a model that defines the structure of a modeling language”.

o
MECATRONICA

System
Defines > +sus
1
I
+model
. Model
Element Of >
Modeling
) Language
Conforms With > Zr 1
Defines >
Meta model

1
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Modeling
Guides How To Use > Language
Pragmatics | <1>
100
Is Defined By
1 1.* 1
Abstract Concrete Semantics
Syntax Syntax
«synonym» | «synonym»
0"1
Structural !
Metamodel Semantics Notation
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Modeling Language

domain Applicaton Domain Kind

|
!
v

|Application Domain Kind|

wanumeration»

generalsofiware
genaralbusiness
dabases-quenes
user-interfaces

[-]

Viewpoint
> - a -Abstradtion Kind
1 1.*| - p Perspective Kind
/ \

wanumerafions
Perspective Kind

/
|

«anumeration»
Abstraction Kind

CIM

PIM

PSM

Multiple

Dynamic
Muitiple
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There are two kinds of modeling languages

(1) General Purpose Languages

(2) Domain Specific Languages

System

+model

Conforms With >

1

Model
Element Of >
Defines >
Meta model

;| Modeling

Language
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Table 1
Classification of modeling languages: UML2, BPMN, XIS-Mobile and DSL3S.

X

9
- MECATRONICA

Modeling Language

Name Application Domain Viewpoint Abstraction Perspective
UML (Unified Modeling Language) General/Software Class Diagram Multiple Static
Object Diagram Multiple Static
Sequence Diagram Multiple Dynamic
Use Case Diagram PIM Dynamic
State Machine Diagram Multiple Dynamic
Component Diagram PSM Static
BPMN (Business Process Modeling Notation) General/Business Processes Process Diagram CIM Dynamic
Collaboration Diagram CIM Dynamic
Choreography Diagram CIM Dynamic
Conversation Diagram CIM Dynamic
XIS-Mobile (DSL for Mobile Apps) Spedfic/Mobile Apps Domain View PIM Static
BusinessEntities View PIM Static
Architectural View PIM Static
UseCases View PIM Dynamic
NavigationSpace View PIM Static
InteractionSpace View PIM Static
DSL3S (DSL for Spatial Simulation Scenarios) Spedfic/Spatial Apps Simulation View PIM Static
Scenario View PIM Static
Animat View PIM Static
Animat Interactions View PIM Static

Escola Politécnica da USP
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Prospective Applications

Service-oriented production
model

service-ortenteo human-computer sy mblosls

human-centered
automation

good-oriented

semi-automated fully-automated Covipiiberbasee

Classic production
model

Digital production
model
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Internet of Services

>

Industrial Internet of Thing

B. Chen et al.: Smart Factory of Industry 4.0: Key Technologies, Application Case, and Challenges, IEEE Access, vol 6, March 9, 2018

Industry 4.0 Architecture

ém 88 aQ 380
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1 1
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(| Cloud Application Layer )
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=

[ ( Physcial Resource Layer ) )

.

"Gk ) (Reentgmreion )

( Remper ) ( Nogwr )
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et
| MECATRONICA

Application Layer
Host
Enterprise
Co-Net Intranet
External
Network Supervisor
Cyber Layer Local Networks Control
e~ | Virtual Factory
Machines/Model
/// %—Q\X ac |lnes odels
Lo
Co-Net Local o Dl =
/ Co-Us [ TH e Q
) s | M| ‘
@ﬂgl = = Q
b=
Physical Layer \ 5
(b=q
Co-Us 0
AS/RS Process NC Mill
Robot Sensors

Moghaddam, M., Nof, S.Y.; Best Matching Theory & Applications, ACES (Automation, Collaboration & E-Service) Series, Springer, 2017
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Automation Society 5.0

transition

* minimization

economy

manufactu nng

. J]C roaon

sustalnablev'-ﬂ”ue

mnovatlon I arbusiness
opmentrese ~efficiency

{uofilab:s_

2015 AC
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1850 AC
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Desiguing large Senvice Jformation Systems
Novo SIS

Sistemas de informacgao conjugam flexibilidade e capacidade de
integracao, fundamental para inovacao e automacao.[1]
Convergéncia entre sistemas de servigo e sistemas de informacao. [2]

[1] Stair, R.; Reynolds, G. “Information Systems”, 9th ed., Course Technology, 2010.
[2] Bardhan, . ; Demirkan, H.; Kannan, P.; Kauffman, R.; Sougstad, R. “An Interdisciplinary
Perspective on IT Services Management and Service Science”. Journal of Management

a9N1410
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AUCOTEC Top 10 Engineering Document and Data Management Challenges

Create Synergy - Connec t Processes

1.
2.

Finding the right documents
Version control

3. Change management

4,

Scalability and flexibility

One of our customers told us about a project that involved 290 spreadsheets that
contained somewhere close to 8,000 wires. One spreadsheet alone had 1,000
instruments and 169 columns for data entry!

D.

0 ® N o

Multi-user collaboration

Multiple database

Backup and security

Management across the project life cycle
. Compliance with various standards

10 Reinventing the wheel (reusability)
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mesmo desenvolvimento
ortentado a proouto

produto opedio por um desenvolvimento
§ ortentado a wodelos
sgjs’cema

Product-service owchitecure
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Service Science,
Management and
Engineering

Science &
Technology

SSME

People Business Models
& &
Culture Processes

SSME is a new research field that aims to formalize and control
the relationship between humans and (cognitive) information
systems to establish a new paradigm of associative interaction.

~ Prof. José Reinaldo Silva
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Prospective Applications

& THHL-process @
ghenesis TDE-process . HHL-process
Service-oriented production itSIMPLE
model
service-oriented human-computer syvmpiosis
human-centered
automation
PS4
s/
PRODUCTION SERYICE RLHITECT
gL gomented semi-automated fully-automated ot ases
Classic production Digital production
model model
DE-process H-process
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