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Principal Engineer at NASA's 
Jet Propulsion Lab

Survey of Candidate Model-Based Engineering (MBSE) Methodologies, Rev. B, May 23, 2008 - INCOSE MBSE Initiative
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Development system
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A T3SD (tricotyledon theory of system design)
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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,
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.
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According to Wymore, across all projects, the system has to verify that these six 
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 tradeoff 
requirement, finding the implementable systems design that is optimum with 
respect to the tradeoff requirement and most likely to pass the system test, if 
possible.

No  Silver bullet
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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.
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MBSE 
Methodologies

1. IBM Harmony-SE 2. OOSEM 3. RUP

4. Vitech 5. JPL

6. OPM (Object-Process Methodology)

ISO/PAS 19450 (Dovi Dori) 
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Method. Proponent Tool 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 JPL 
Caltech

OPM Dov Dori (1995) OPCAT www.opcat.com 
ISO/PAS 19450

http://www.vitech.com
http://www.opcat.com
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 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.

OOSEM - Object-oriented System Engineering Method
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Enterprise Architect (SparX)
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Top-down Model

Reverse Eng. Model
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http://esml.iem.technion.ac.il/opcat-installation/
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http://esml.iem.technion.ac.il/opcat-installation/
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Language, model and meta-model

System 
“a metamodel is a model that defines the structure of a modeling language”.  
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Going down to the concrete project
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Classifying the modeling language

 There are two kinds of modeling languages 

(1) General Purpose Languages 

(2) Domain Specific Languages 
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Prospective Applications

Classic production
model

Digital production
model

Service-oriented production
model

good-oriented

service-oriented

computer-based

human-computer symbiosis

semi-automated fully-automated

human-centered

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

Sistemas de informação conjugam flexibilidade e capacidade de 
integração, fundamental para inovação e automação.[1]  

Convergência entre sistemas de serviço e sistemas de informação. [2] 

[1] Stair, R.; Reynolds, G. “Information Systems”, 9th ed., Course Technology, 2010. 
[2] Bardhan, I. ; Demirkan, H.; Kannan, P.; Kauffman, R.; Sougstad, R. “An Interdisciplinary 
Perspective on IT Services Management and Service Science”. Journal of Management 
Information Systems, v. 26, n. 4, p. 13-64, 2010. 

Designing large Service Information Systems
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1. Finding the right documents 
2. 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! 

5. Multi-user collaboration 
6. Multiple database 
7. Backup and security 
8. Management across the project life cycle 
9. Compliance with various standards 
10.Reinventing the wheel (reusability)
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A mudança de paradigma

 produto

 sistema

 mesmo desenvolvimento 
orientado a produto

 produto 
& 

systema

 opção por um desenvolvimento 
orientado a modelos

Product-service architecure
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Service Science, 
Management and 
Engineering 

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.  
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Prospective Applications

Classic production
model

Digital production
model

Service-oriented production
model

good-oriented

service-oriented

computer-based

human-computer symbiosis

semi-automated fully-automated

human-centered

automation
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Acabou o  curso…

espero que tenham gostado!
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Obrigado 

Reinaldo


