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Abstract. The paper proposes a generic model to represent the workflow based on Petri
Nets theory of the activities used in the Systems Concurrent Engineering process and to use
Petri Nets to support decision making when architecting a complex system. Systems
Concurrent Engineering is a method that integrates systems engineering and concurrent
engineering in the same integrated product development framework. The framework is
applicable to the development of complex products. The properties of the Petri Nets allow
the design of the generic model through formal language, semantic formalism and
techniques to supporting analysis of process and architecture performance through graphical
and algebric tools.

Currently to maintain the competitiveness the main productive segments must seek to apply
methods to innovate and develop their complex products and services with lower costs,
improved productivity and quality, and in less time. Addressing the needs of productive
segments, the paper presents a generic model to support and encourage the development of
complex products and services. The main benefit of the generic model is that despite the
actual various ways of implementing a system and of performing the systems concurrent
engineering process, Petri Nets would allow to assess the process and architecture
alternatives at very early stages of a complex product development process, based only on
the process and product Petri Net models.
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1 Introduction

This paper concerns a generic model to support decision making in architectural
reasoning for complex socio-technical systems. The architecture term denotes the
stable properties of the system of interest. The architectural reasoning is defined as
a transformative process that utilizes knowledge about stable properties in a system
to achieve certain global objectives. The complex socio-technical systems refers to
systems involving multiple stakeholders and requiring multiple knowledge
domains [6].

In the process of architecting complex socio-technical systems that involves
multiple stakeholders and knowledge domains, to assess the architecture
alternatives at very early stages of a development process often becomes a
considerable challenge. This challenge presents two interrelated opportunities.
First, a domain-independent architectural reasoning techniques that can be
implemented computationally over multiple disciplines and second, identifying a
single formal language and the techniques analysis tools to support Systems
Concurrent Engineering process.

Therefore this paper proposes a generic architecture that represents a workflow
based on Petri Nets theory to Systems Concurrent Engineering process. The main
purpose of workflow is to support the definition, execution, registration and control
processes, and the development with Petri Nets allows the construction of a single
formal language and the techniques analysis tools to support analysis of process
performance because it is a combination of specification of oriented events and
states with excellent graphics tools [3, 5].

The paper presents in Section 2 the Systems Concurrent Engineering approach
that integrated systems engineering and concurrent engineering process for
integrated complex product development. Section 3 presents the main concepts of
Petri Nets. Section 4 presents the generic architecture that represent a workflow
based on Petri Nets theory to the Systems Concurrent Engineering process and
Section 5 draws some conclusions.

2 Systems Concurrent Engineering

The Systems Concurrent Engineering is a modeling framework that integrates the
product and their performing organizations [1, 2]. Stakeholder analysis,
requirements analysis, functional analysis and implementation or physical analysis
processes are carried out through the simultaneous modeling of product and
organization, at all levels of the product hierarchy, deriving attributes as emergent
properties of a whole integrated system [7, 8, 9].

Figure 1 presents the total view framework, it has three dimensions. Figure 2
provides an overview of the stakeholder analysis, requirements analysis, functional
analysis and implementation (or physical) analysis is performed, simultaneously,
for the product under development and its life cycle process performing
organizations. The analysis processes are performed at each layer of the system
breakdown structure. Figure 3 details the concurrent structured analysis method
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showing how to incorporate the concurrent engineering concept in the systems
engineering process.

Step 1: identify the product mission, the product life cycle processes and their
scenarios and, the scope of the development effort. The scope of the development
effort consists of the life cycle processes or their scenarios that the development
organization is also responsible for accomplishing.

Step 2: identify product stakeholders and their concerns for each product life
cycle process scenario. Identify organization stakeholders and their concerns for
each process within the scope of the development effort. From stakeholder
concerns, stakeholder requirements are identified and measures of effectiveness
(MoEs) are derived. MoEs must measure how the system meets the stakeholder
requirements. Requirement analysis transforms stakeholder requirements into
system requirements.

Step 3: identify functional context for product at each life cycle process
scenario and for organization at each life cycle process scenario within the scope of
the development effort. For each function, performance requirements are
identified. Circumstances, flows between the system and the environment and
function failures are sources of hazards. Risk analysis is performed on each
identified potential hazard and exception handling functions are also identified at
this stage.

Step 4: identify implementation architecture context for product at each life
cycle process scenario and for organization at each life cycle process scenario
within the scope of the development effort. Physical connections between the
system and the environment elements define the physical external interface
requirements. Physical parts are identified.
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Figure 1. A framework to address complexity in complex product development — the total
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Figure 3. The system concurrent engineering method in detail. Source: [7], [8]

3 Petri Nets

The concept of Petri Nets was introduced by Carl Adam Petri in his doctoral thesis
in 1962. It is a modeling technique that allows the representation of systems
through its graphical and algebric formalism. The technique has properties that
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allow to model parallel systems, concurrent, asynchronous and non-deterministic,
and has mechanisms that treat the hierarchy design and high level of abstraction
that are fundamental to the development of complex systems. During the past 20
years, Petri Nets have been applied in many applications in different areas,
currently there are many commercial and academic tools for design, simulation,
and analysis system based on Petri Nets [4, 5].

Petri Net is a model of the state-event type, where each event possesses daily
pre-conditions to allow its occurrence and pos-conditions of this event, illustrated
in Figure 4. It is also seen as a particular type of guided graph that allows modeling
the static properties of a system to the discrete events: transitions (events that
characterize the changes of state in the system), and the places (conditions against
which the events must be certified in order to happen) linked by directed weighed
arcs. The transition is triggered only if there is at least one marking or fiche (token)
in place proceeding of transition.

Petri Net is, therefore, a formalism that allows the modeling of discrete
dynamic systems with great power of expressiveness, allowing to represent with
easiness all the relations of causalities between the processes in situations of
sequence, conflict, parallelism and synchronization. Figure 4 provides an
overview of Petri Nets graphical tools.
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Figure 4. Petri Nets graphical tools. Source: [3]

A Petri Net (simple or autonomous) is composed of five parts: a set of places P,
a set of transitions 7, an application of input /, an application of exit O and a set of
markings M that represent the markings of places P, illustrated in the Equation 1.

R=(P, T, 10 M) (D

4 Petri Nets for Systems Concurrent Engineering

Figure 5 presents the Petri Net graph for the Systems Concurrent Engineering
process. The Figure 5 represents the generic model of the concurrent structured
analysis method workflow using Petri Nets notation. The stages of the system
architecting process illustrated in Figure 3 are defined by the workflow of the places
and the transitions.
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Figure 5. Petri Nets graph for Systems Concurrent Engineering process
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Figure 6 and 7 present the semantic formalism that describes the function of
places and transitions in the Petri Nets Systems Concurrent Engineering process
generic model. From the Petri Nets graph, it can be applied the Petri Net analysis tools.
For example, Figure 8 presents the reachability tree. The reachability tree is basic to
study the dynamic properties of any system modeled with Petri Nets. The triggered
transition modifies the distribution of marks or tokens on the graph of Petri Nets. In the
definition of Petri Nets, it is called reachability of a mark Mn the set of all the markings
generated from MO.
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Figure 8. Reachability of the Petri Nets graph for Systems Concurrent Engineering process

5 Conclusion

The generic model is represented by graphical tools and semantics formalism of
Petri Nets that allows a visualization of high abstraction of the concurrent activities
for integrated development of complex products by Systems Concurrent
Engineering process. Dynamic analysis, simulation, verification, implementation
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and design analysis of iteration throughout the integrated development process can
be analyzed by graph of Petri Net, for example using a reachability tree. From the
generic model proposed, it is possible to develop models specific to a domain of
application including, for example, the various decision making points during the
complex product architecting process.

For a space satellite development, for example, decisions to be made are: which
stakeholders to satisfy, which requirements to meet, which concept to choose along
the life cycle processes, which functions the product and organizations shall
perform, which alternative reference architecture models to choose, which
solutions to choose in order to implement the chosen architecture. Further steps of
this work are to demonstrate how to move form the generic model to a given
application domain and in that domain develop a tool that anticipates to the early
complex product development stages, the choices and decisions, and therefore their
consequences. Also, the tool will provide support along the system life cycle
process and will incorporate the lessons learned.

This will allow a gain in productivity in the system architecting process, will
allow a common language to be shared among different stakeholders along the
system life cycle process and will allow focus of product development in
alternative solutions of greater potential.
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