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The problem Problem solver

surrounds the 

problem 

(a)

(b)

Problem solver is

enmeshed in his

perception of the

problem

The problem solver’s

perception of the

problem (which will later

be amended as more

information is gathered)
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COMPLEXITY MANAGEMENT FACTORS AND DIMENSIONSCOMPLEXITY MANAGEMENT FACTORS AND DIMENSIONS
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INTEGRATED DEVELOPMENT FRAMEWORKINTEGRATED DEVELOPMENT FRAMEWORK
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CONCURRENT ENGINEERINGCONCURRENT ENGINEERING
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SYSTEMSYSTEM

Every system performs a purposeful action, called function.

The function is the objective or purpose of a system

The function of a system must  be explicitly defined and 

understood so that system elements may provide the 

desired output for each  given set of inputs.

Once defined, the objective or purpose makes it possible 

to establish a measure of  effectiveness indicating 

how well the system performs.
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SYSTEMSYSTEM

Consists of a  group of interdependent items that

together are a functional unity 

The functional boundary is what determines the 

definition of a system in a given application

Systems are composed of elements,

attributes e relationships.
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SYSTEM:SYSTEM:

The elements are the operational parts of a system 

consisting of input, process and output.

Each element may assume a variety of values to 

describe the state of the system established by a 

control action and one or more constraints.
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Stakeholder Analysis

Who are the stakeholders?

What are their stakes?

What are the opportunities and challenges of the

stakeholder relationship?

How to organize in order to face opportunities and

challenges?
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• Corporate organizations are:
– a network involving multiple participants and interests, each of which

may take contributions and receive rewards as a result of corporate
activity [Donaldson, T. & Preston, L., leading stakeholder theorists]

• Stakeholders are:
– individuals or groups who

– can affect or be affected by

– a product over its life cycle or by [Ulrich & Eppinger, 1991]

– the product life cycle process performing organization’s activities
[Svendsen, 1998]

• Most common set of organization’s stakeholders [Svendsen,
1998]:
– investors

– employees

– customers

– suppliers

– communities
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A MODEL OF STAKEHOLDER CORPORATION BEHAVIOUR

Socio-Cultural
Context

Corporate
Values
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Stakeholder

Strategy

Management of
Stakeholder
Contracts

Business
Processes

Environmental
Capital

Intellectual
Capital

Social
Capital

Financial
Capital

Profit

Source: Svendsen, A. The stakeholder strategy, Berret-Koehler Publishers, San Francisco, 1998. ISBN: 1-57675-047-7



CE2007 – 14th ISPE International Conference on Concurrent Engineering                   geilson@lit.inpe.br No 16

“Total set of considerations that govern:

What is to be accomplished;

How well it is to be accomplished;

Under what conditions it is to be accomplished;

Logical and physical characteristics of the

system.”

REQUIREMENTS (EIA 632-1)
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actor + verb + object upon which function is

applied

Behaviour

Effect

Action or service

FUNCTIONAL REQUIREMENTS
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Measure of function fulfilment

How well, quantity, duration, frequency

Ranges or measure values applied to the

function to be performed and, if appropriate,

to the object acted upon by the function

PERFORMANCE REQUIREMENTS
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Under which conditions a function must be

carried out to produce a given level of

performance

Environment

Cause to start a function

Cause to terminate a function

CONDITIONS
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Logical and physical

External e internal

Interfaces
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Requirements evolution
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analysis
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TYPES OF REQUIREMENTS (by Robert Halligan)

Estates and modes of operations

Functions

Performance

External interface

Environment

Resources

Physical properties

Other qualities

Project driven
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Allocation, partition e decomposition
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Define end product mission/objective

Transport private

riders on a road

              1
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Analyze life cycle process scenarios

Possible functions embedded in the life cycle process term
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Analyze life cycle process scenarios

Defined sequence of activities that expands 

the life cycle process term
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Identify life cycle process organizations

(e.g. Ford Automotive Operations)
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Identify stakeholders 

Who are the people who directly interact 

with the product over its potential life cycle scenarios?

Who are the sources of inputs, 

destination of outputs,

providers of mechanisms or mechanisms themselves 

and sources of control or control themselves?

Who are the people outside the organization 

who play a role in relation to the business?
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Capture stakeholder requirements

interviews with stakeholders, 

derivation from business requirements, 

working in the stakeholder environment, 

analogous or existing system, 

change suggestions and problem reports, 

innovation work, 

stakeholder group meetings, 

workshops, 

studies or descriptive documents, 

prototypes, 

new technology, 

questionnaires, 

stakeholder modifications of existing systems .
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Capture stakeholder requirements

legislation, patents, trade marks, registered designs and copyright;

 

reports, proceedings and reference books; 

official and private representative bodies; 

statistical data; 

market data publications; 

specialist libraries; 

engineering science information. 
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Organize assumptions, goals and stakeholder requirements

T/I/D Procedure

S003 Provides for personal comfort/convenience Comfort F M TBD Prod Y D R202

S003.001 Comfortable front seats Comfort P M TBD Prod Y D R202

S003.002 Driving position is fully adjustable Comfort F D TBD Prod N D R202

S003.002.001 Can personalise seat, head rest and arm rest position Comfort F D TBD Prod N D R202

S009.007.001 Starts quickly every time whether hot, cold or wet Driveability P M TBD Prod Y T R202

S009.007.002 Never stalls when cold or hot Driveability P M TBD Prod Y T R202

S009.007.003 Quick to idle and settle Driveability P M TBD Prod Y T R202

S009.007.004 Consistent start times Driveability P M TBD Prod Y T R202

S009.007.004 No overheating Driveability F M TBD Prod Y T R202

S012 Easy to service Maintenability P M TBD Proc Y T CETP

S020 Reuse resources from previous vehicle programs Investment efficiency F D TBD Org N D TBD

Number Text Concern

T
y
p
e

Verifiability
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Requirements specification
4.6 Environmental requirements

4.6.1 Classes of environment

4.6.x Class

By parameter

4.6.y Environmental envelope(s) for x class

4.7 Resource requirements

By resource

4.8 Physical requirements

By parameter

4.9 Other qualities

By other qualities

By parameter

4.10 Design (& Construction) requirements

4.10.1 General design requirements

Requirements with no secondary actors

4.10.2 Characteristics of subordinate elements

4.10.2.1 Engine

Emulate 4.10 to 4.10.1

4.10.2.2 Flight manuals

4.10.2.3 Fuel pump

4.10.2.4 Nose wheel

5. Verification requirements (maybe)

6. Notes

1. Scope (or introduction)

2. Applicable and other reference documents

2.1 Appplicable documents

2.2 Other referenced documents

3. Definitions, acronyms and abbreviation

3.1 Definitions

3.2 Acronyms

3.3 Abreviation

4. Requirements (and goals)

4.1 Identification of external interfaces

The system shall have the following external interfaces

4.2 Identification of states and modes

The system shall [states]

The system may [permitted states]

The system shall [modes]

4.3 Functional and performance requirements

By control flow with indenting for decomposition, logical

branching, for concurrency Example: functional

flow block diagram for a space system

Corresponding Specification Structure

4.4 Relationships between states and modes

4.5 External interface requirements

By interface, maybe organized hierrachically
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Organization stakeholders and MOEs
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Process stakeholders and MOEs
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Product stakeholders and MOEs

Transport_

private_riders_

on_a_road

         1
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CONTEXT DIAGRAM

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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CONTEXT DIAGRAM

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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DFD 0: Vend Product

DATA FLOW DIAGRAM

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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CFD 0: Vend Product

CONTROL FLOW DIAGRAM

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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STATE TRANSITION DIAGRAM

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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DECISION TABLE

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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DFD 1 : Get Customer Payment

Vending Machine

Yourdon, E., 1989.  Modern structured analysis. Yourdon Press, Englewood

Cliffs, New Jersey. 1989. ISBN: 0-13598624-9.
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Systems boundaries and external system interfaces

• What is within system boundary and what is outside

• Primary functions identified

• Elements in the environment interacting

with the system identified
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Primary functions

Primary functions:

• End product mission/objective

• End product life cycle processes and

scenarios

• Business processes that implement

the above
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Elements in the environment:

• elements interacting with the end-

product over its life cycle;

•someone or something playing a role

in relation to the business

organisation.

Elements in the environment
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Data

Energy

Material

Crossing the boundaries  of the system

Functional interfaces
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FUNCTIONAL ANALYSIS - PRODUCT
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FUNCTIONAL ANALYSIS - PROCESS
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FUNCTIONAL ANALYSIS - ORGANIZATION
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States and modes

Conditions

Requirements

States

Modes

Functions
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States and modes

STATES – derived from the ‘ when’s or ‘while’s and define 

the set of scenarios that characterize the system or 

system element at a given moment.

MODES – group functionality for a given set of conditions or 

a given state.
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States and modes

States 

Modes

Control

Functions

Enables

Disables

Triggers

Operational

or non

operational

functions
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Hazard analysis

Hazard – causes a harm to the environment or to 

the system

Preliminary hazard analysis

Risk analysis

Protective and preventive measures

Protective and preventive functions

Hazard –  environment x system interaction
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Retirar os experimentos do sistema SARA sub -orbital

Manusear o sistema SARA sub -orbital

Armazenar o sistema SARA sub -orbital

Transportar sistema SARA sub -orbital de São José dos 

Campos para Alcântara

Integrar e testar sistema SARA sub -orbital  no PPCU (1)

Recuperar o sistema SARA sub -orbital

Testar experimentos para verificar aderência aos requisitos do 

sistema SARA sub -orbital

Transportar VS -40 (com sistema SARA sub -orbital) para 

lançador universal

Criar as condições para realizar operações em micro -

gravidade

A

Integrar e testar experimentos no sistema SARA sub -orbital

Manusear sistema SARA sub -orbital antes da integração em 

Alcântara

Transportar o sistema SARA sub -orbital para plataforma 

externa do PPCU

Testar o sistema SARA sub -orbital na plataforma externa do 

PPCU

Transportar o sistema SARA sub -orbital da plataforma externa 

do PPCU para a área de integração do PPCU

Integrar e testar o sistema SARA sub -orbital no PPCU (2)

Integrar e testar experimentos no sistema SARA no PPCU

Manusear e armazenar o sistema SARA sub -orbital para 

transporte do PPCU para o PPP

Transportar sistema SARA sub -orbital do PPCU para o PPP

Preparar para lançamento no PPP

Preparar para lançar no lançador universal

Lançar

Levar o sistema SARA sub -orbital até a altitude de 

microgravidade

Reentrar o sistema SARA sub -orbital

Amerissar o sistema SARA sub -orbital

Localizar o sistema SARA sub -orbital

Resgatar o sistema SARA sub -orbital

Desmontar o sistema SARA sub -orbital e retirar os 

experimentos

Preparar sistema SARA sub -orbital para transporte de 

Parnaíba para o Centro de Lançamento de Alcântara

Transportar o sistema SARA sub -orbital de Alcântara para 

São José dos Campos

Analisar os dados referentes ao sistema SARA sub -orbital e 

analisar a missão que os originou

Obter dados armazenados e enviados referentes ao sistema 

SARA sub -orbital e aos experimentos

Manusear e inspecionar o sistema SARA sub -orbital

Decidir reutilizar , recondicionar ou descartar partes do sistema 

SARA sub -orbital

Estado do sistema SARA sub -orbital ao término da missão

Transportar equipamentos e equipes de Alcântara para 

Parnaíba

Transportar o sistema SARA sub -orbital de Parnaíba para 

Alcântara

Recuperar o sistema SARA sub -orbital

Criar as condições para realizar operações em micro -

gravidade

Preparar para lançar no lançador universal

Lançar

Levar o sistema SARA sub -orbital até a altitude de 

microgravidade

Reentrar o sistema SARA sub -orbital

Amerissar o sistema SARA sub -orbital

Localizar o sistema SARA sub -orbital

Resgatar o sistema SARA sub -orbital

Desmontar o sistema SARA sub -orbital e retirar os 

experimentos

Preparar sistema SARA sub -orbital para transporte de 

Parnaíba para o Centro de Lançamento de Alcântara

Life cycle approach
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9.5

Zerar velocidades de 

rotação em pitch, roll 

e yaw

9.6

Avisar o módulo 

de 

experimentação 

que o experimento 

pode ser iniciado
9.7

Iniciar 

experimento

9.8

Adquirir dados do 

experimento

9.9

Armazenar dados

9.10

Enviar dados para 

estação de terra

9.2

Adquirir dados sobre 

o estado do veiculo 

SARA

9.3

Enviar dados do 

veiculo SARA para a 

estação de terra

and

and

and and

9.4

Armazenar dados

and

Modulo SARA 
separado 

do VS-40

or

and

Velocidade 

não zerada

Velocidade 

zerada

NODE : NO.:9 TITLE : Operação Microgravidade _ FFBD

Life cycle process modelLife cycle process model 1/2 1/2
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Life cycle process modelLife cycle process model 2/2 2/2

A0

Fase do Ciclo de Vida 

Operacional - Veículo 

SARA
input output

Fontes de 

mecanismo

Fontes de 

controle

Atividade 2

and

or

Atividade 1

Atividade 3

or

Atividade 4
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THREE SOURCES OF HAZARDS

Circumstances – combination of states of environment 

elements that can cause harzardous events

Interfaces between system and environment – interface 

failures 

Non functions of the mission to be carried out
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CIRCUMSTANCES

A0

Fase do Ciclo de Vida 

Operacional - Veículo 

SARA
input output

Fontes de 

mecanismo
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controle

Sistema SARA

Veículo SARA

Veiculo Lançador
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transporte

Equipamento para 

manuseio

Sistemas de controle

Local de 

armazenagem

Rota

Base de lançamento

Atmosfera

Trajetória

Veículo de resgate

• Chuva 
• Granizo 
• Vento lateral 
• Umidade 
• Poeira 
• EMI (principalmente raios e eletricidade estática) 

Combinations of

states of environment

elements

Circumstances
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Interface failures
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Non functions

9.5

Zerar velocidades de 

rotação em pitch, roll 

e yaw

9.6

Avisar o módulo 

de 

experimentação 

que o experimento 

pode ser iniciado
9.7

Iniciar 

experimento

9.8

Adquirir dados do 

experimento

9.9

Armazenar dados

9.10

Enviar dados para 

estação de terra

9.2

Adquirir dados sobre 

o estado do veiculo 

SARA

9.3

Enviar dados do 

veiculo SARA para a 

estação de terra

and

and

and and

9.4

Armazenar dados

and

Modulo SARA 
separado 
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or

and

Velocidade 

não zerada

Velocidade 

zerada

NODE : NO.:9 TITLE : Operação Microgravidade _ FFBD

What happens if this function 

cannot be carried out? 

What are the consequences?

What are the causes?

Protective and preventive functions
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Microgravidade Experimentos
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Mission architectureMission architecture
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FMECA

Failure modes for operational and 

non operational functions

Derive detection, prevention and

protection functions
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Functional behaviour

•determine the responses (outputs) of the function(s) to stimuli (inputs);

•understand the functional behaviour of subfunctions under various conditions and 

check the integrity of the functional arrangement logic;

•identify and define states and modes for which subfunctions exhibit different behaviours;

•identify an define a functional time line for each operational and non-operational scenario. 
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Functional interface

• to define the start/end states 

• inputs/outputs for each function 

• state transitions are completely defined within functions 
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FUNCTIONAL DECOMPOSITION
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Functional attributes

•performance requirements; 

•inputs and outputs in any of the functional analysis models;

•timing and resource utilisation

•states and modes of operation;

•reliability, maintainability and risk attributes derived 

•from failure mode effects and criticality and 

•hazard analysis of product, process and organisation.
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