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Object interface-service  
relationship
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The System of Systems Challenge

A practical obstacle to the 
formalization of design is the 
practical effectiveness of this 
approach, specially in this era 

of complexity. Generally, 
formal approaches do not fit 

the complexity of large 
systems (of systems).
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A System Service Model

Inside

Outside
usuário

value co-creation
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The System Engineering Approach

"Systems Engineering (SE) is an interdisciplinary approach and 
means to enable the realization of successful systems. It focuses 
on holistically and concurrently understanding stakeholder needs; 
exploring opportunities; documenting requirements; and 
synthesizing, verifying, validating, and evolving solutions while 
considering the complete problem, from system concept 
exploration through system disposal". (INCOSE 2012, modified)

SEBoK-2015



Escola Politécnica da USP

A grande pergunta que permeia a aula de hoje é 
justamente como vamos resolver o problema de 

escalabilidade entre os métodos que vimos até aqui 
(e sem o que a discussão seria inviável) e o 

problema que temos que enfrentar de projetar 
grandes sistemas ou sistemas de sistemas. 

Model Driven EngineeringModel Driven Systems Engineering
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Fundamentação matemática para o MBSE

A. Wayne Waymore  (T3SD)

 Wymore, A. Wayne, A Mathematical Theory of Systems Engineering: The Elements ,
John Wiley & Sons: New York, NY, 1967.

Wymore, A. Wayne, Model-Based Systems Engineering , CRC Press, Inc.: Boca 
Raton, FL, 1993.

Wymore, A. Wayne, “Contributions to the Mathematical Foundations of Systems
Science and Systems Engineering,” Systems Movement: Autobiographical
Retrospectives, The University of Arizona, Tucson, AZ, 2004.
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General Methods

Interaction

Process

Knowledge
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Uma Norma para o Design de Sistemas

A norma ISO/IEC 15.288 foi lançada em Novembro 
2002, editada por Stuart Arnold e arquitetada por 

Harold Lawson;

Em 2004 foi adotada pelo IEEE e passou a ser uma 
norma ISO/IEC/IEEE;

A última revisão foi publicada em Maio de 2015. 
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Uma Norma para o Design de Sistemas

Até aqui olhamos o Projeto de Sistemas do ponto de vista 
técnico, sempre privilegiando a formalização do processo após 
a fase de requisitos.  Para chegar a um “projeto real” teremos 

que incluir a aspecto de negócios (business process) assim 
como os aspectos de gestão do próprio processo.
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SEBoK
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Definition of Systems
real

"…are man made, created and utilized to provide products or 
services in defined environments for the benefit of users and 

other stakeholders"

“…an integrated set of elements, sub-systems, or assemblies that
accomplish a defined objective. These elements include products
(hardware, software, firmware), processes, people, information, 

techniques, facilities, services, and other support elements.”
(INCOSE)

model
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Maier, M. W. 1998. "Architecting Principles for Systems-of-Systems”. Systems Engineering, 1(4): 267-84.

System and System of Systems
A system-of-systems is an assemblage of components which individually may be 
regarded as systems, and which possess two additional properties:

1. Operational Independence of the Components: If the system-of-systems is 
disassembled into its component systems, the component systems must be 
able to usefully operate independently. That is, the components fulfill customer-
operator purposes on their own.

2. Managerial Independence of the Components: The component systems not 
only can operate independently, they do operate independently. The 
component systems are separately acquired and integrated but maintain a 
continuing operational existence independent of the system-of-systems. (Maier 
1998, 271)
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Classification of SoS: US Dept. of Defense

DUS(AT). 2008. Systems Engineering Guide for Systems of Systems," version 1.0. Washington, DC, USA: Deputy
Under Secretary of Defense for Acquisition and Technology (DUS(AT))/U.S. Department of Defense (DoD).

According to US DoD systems of systems could be 
classified into:

Virtual
Collaborative
Acknowledged

Directed 
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Other System Architectures

Federation of Systems
A Federation of Systems (FoS) is a loosely coupled set of collaborative and distinct 

institutions (systems) with a week structuring control that “voluntarily" contributes to some 
social goal. This set could be closed or open. 

Family of Systems 
A family of systems is set of systems that have some common characteristics and also a 
loosely coupled association but that could collaborate to achieve some social goals and 

share facilities.
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Current tendency

sub-system

system

sub-system sub-system

product service

service

service

product
product

product
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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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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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A mudança de paradigma

 produto

 sistema

 mesmo desenvolvimento 
orientado a produto

 produto 
& 

systema

 opção por um desenvolvimento 
orientado a modelos
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New tendencies in production
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Primary sector

Secondary sector

Tertiary sector

quaternary sector

quinary sector

manufacturing services

agriservices

knowledges services
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Tendencies towards manufacturing services

Amazon Project
Ford Motors Suppliers 
resp.: Luc de Ferran 

4 levels in supply chain: 
"Systemistics" 

Suppliers of components 
Sporadic suppliers 

Accessories 

supply chain production
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Abstract Context of manufacturing
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co-production

(value) co-creation
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co-design
Converging to service and intelligent systems
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Introducing manufacturing 
services

Even if manufacturing will be still devoted to 
products (good-oriented) we claim that the 

general production system could be based on 
services maintained by independent players with 

which we should co-create this product. 

Strong focus on the early phases
Model driven

Strongly focused on viewpoints
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Let  be a finite set of system agents as describe above. A 
manufacturing service  can be defined as , where  is a set of relations 
among the service agents in. The relations could be the delivering of 
goods, service or a hybrid artifact composed of product and service.  

A	PSA	architecture	is	a	connected	arrangement	of	collaborative	
service	agents		that	could	be	represented	as	a	graph,	where	each	
service	agent	is	a	node	and	the	possible	delivers	are	represented	
by	arcs.	There	is	a	special	node	denoted	by	which	represents	the	
service	agent	responsible	for	the	main	business	strategy	and	also	
to	deliver	the	whole	service	to	the	costumer.	

PSA: Introducing a Service 
ManufacturingArchitecture
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PSA Example: From Factory to Service
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A new scope for systems design
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Horizontal integration
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A grande pergunta que permeia a aula de hoje é 
justamente como vamos resolver o problema de 

escalabilidade entre os métodos que vimos até aqui 
(e sem o que a discussão seria inviável) e o 

problema que temos que enfrentar de projetar 
grandes sistemas ou sistemas de sistemas. 

Model Driven Engineering
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Leitura da semana será definida no site da
disciplina
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Obrigado 

Reinaldo


