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Abstract. Operation management strategies have evolved from individ-
ual firms to clients and suppliers along the supply chain management.
Concomitantly, the use of information technology, outsourcing and glob-
alization has increased the complexity of these chains which have been
recognized as supply networks. The aim of this study is presenting the
supply network complexity, which are networks in which are involved
products of high complexity encompassing global suppliers and clients
as well. For this purpose, we performed a study about the theme and
also presented a successful case related to the management of such net-
work complexity in a Brazilian aeronautic industry.

Keywords. Globalization; Transnational companies; Aeronautic indus-
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1 Introduction

In the last decades, world has evolved ever faster due to the constant improve-
ment of the so-called Information and Communication Technology (ICT) which
together with the outsourcing of the production activities and feedstock supply
- and globalization as well - have significantly changed the scenery of the strate-
gies in management operations [1], making them exceed the boundaries of the
individual firm. In this sense, the concepts of Supply Chain Management (SCM)
and Supply Networks [2] spring, using these new technologies for creating op-
portunities of business and efficiency income through the management of their
two networks: upstream and downstream.

To follow these changes, Production and Operations Management (POM)
has developed several systems and methodologies which allow a more strategic
management, from which we highlight: Just-in-Time (JIT), Total Quality Man-
agement (TQM), Flexible Manufacturing Systems (FMS), Computer Integrated
Manufacturing (CIM), Agile Manufacturing (AM), Lean Production (LP), Busi-
ness Process Reengineering (BPR), Quick Response Manufacturing (QRM) and
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Clean Production (CP) [1]. However, SCM springs as a major branch encom-
passing all these systems and methodologies aiming to increase the profitability
of companies and to respond the requests from final clients.

In this context, it is worth mentioning that supply chains have been named as
supply networks, due to the innumerous relationships among them. Furthermore,
supply networks have become even more complex because of (i) the high unit
cost, (ii) the high intensity of engineering, (iii) the characteristics of the products,
which are developed to meet specific demands from customers and (iv) for the
high capacity to integrate knowledge and skills [3].

In this work we named such networks as Supply Networks Complexity and
they are characterized by the complexity of the final product and the relation-
ship between global customers and suppliers. The main aim of this study was to
analyze the dynamics of these complex supply chains by studying the strategies
used by a Brazilian aeronautic industry in order to manage its network complex-
ity as well as the accomplishments of this enterprise related to the management
of products.

In order to develop this work a literature review on supply chain management
and supply networks was performed. Based on this study, the concept of Supply
Network Complexity was established, so that it was possible to examine a case
study in a Brazilian aeronautic industry that succeeded in reducing design time
and costs in the production of aircrafts through the management of its suppliers
and global customers.

2  Supply Network Complexity

The most significant change in the paradigm of the modern business manage-
ment consists in the concept that individual organizations do not compete among
themselves as unique entities, but as supply chains [4]. The study of these supply
chains allowed us to follow the strategies of relationships among companies, sup-
pliers and clients. The following Figure (1) illustrates this evolution, suggesting
it was developed to reflect the real business practices in a growing evolution..

As its possible to observe, in Figure 2 theres a deepening of the manage-
ment activities and material flows (i.e. supply chains seen as centered processes).
Moreover, recent approaches focus on supply chain management as a system (i.e.
management members and their mutually beneficial relations) with clear strate-
gic intention [5].

Supply chains have been conceptualized as a simple linear system represented
by an event which depends on a series of companies interacting through dyadic
relation [6]. However, the linear concept of sequential dyadic relationships sim-
plifies and distorts the realities of modern supply chains.

Modern supply chains can be considered complex and the adaptation to
changes are required. Thus, there is a need to re-conceptualize the lines of a
simple linear system to a complex adaptive system of supply networks [7], [8].

The complexity of a supply chain can not be consider a simple linear struc-
ture where a small change often results in a chain reaction. When supply chain
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Fig. 1. Chronologic Evolution of the SCM competitive Elements. Source: Adapt [5]

complexity increases, monitoring and managing the interaction between different
elements of the chain becomes more difficult [9].

Hearnshan and Wilson cited a complex approach of networks in which they
propose that a supply chain is like a scale-free network (Figure 2) [10]. Thus, to
reduce the vulnerability of the supply chain, the authors emphasize the need for
managing constructions in redundancy, to undertake a strategy of multi-sourcing
or intermediation among hubs companies, in other words, organizations that
assume the responsibility of network management, either for the knowledge of
the whole process, or for its economic power in the network relationships. More
information about the model and BA scale-free network can be found in the
work of [5].

Empirical models of the central-peripheral structure is observed in social sys-
tems of the real-world, including the flow of information in collaborative systems
of researches in which pharmaceutical and biotech hubs companies collaborate
closely sharing information for their mutual benefit. [10]. While all types of con-
nections among hubs companies are possible to be found, the existence of a
central-peripheral structure is further connected to the information flow since
they have a closer triad structure [10].

In addition to the possible configurations and governance mechanisms for the
supply networks, a company must currently not only manage its supply chain
via active nodes, but also must have an adequate supervision on the supply
network [9]. Thus, the identification of active and inactive members can be a
strategic consideration for all the organization and part of its contingency plan
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Fig. 2. Scale-free topology. Source: Adapt [10]

related to supplier. One way to illustrate the differences between supply chains
and networks can be seen in Figure 3.

The supply chain is characterized by a perceivable linear structure (from raw
material to final product), thus it is not totally complex, and its management
is concerned to coordinate relevant flows as information, physical product and
finance.

Supply networks, in turn, are an improved view of one or more supply chains,
so the focus is on the net of relationships. As an example, an organization may
have a connection with another company through a previous supplier who is not
currently working. The integration in the supply network is more ad hoc, making
it a complex, dynamic, nonlinear, based on trust and not-planned.

Moreover, supply network globalization of supply networks combined with
the complexity of certain products makes the process of managing suppliers and
customers a difficult task, which can only be accomplished through the use of
ICTs.. Thus, such global networks of complex products that make a maximum
use of these ICTs are named in this work as Supply Network Complexity.

Finally, the existing approaches towards complexity management in supply
chains that can be found in literature can be structured into three essential
process steps: identifying complexity drivers, measuring and evaluating the ex-
isting complexity, and developing strategies for managing complexity [11]. So,
this study aim presents a case study that can show better these steps.

3 Case study: aeronautic industry

The analysis of the Supply Networks Complexity leads us to a case of successful
management of these networks, which is connected to a large Brazilian aircraft



Supply Network Complexity 5

Supply Network

Supply Chain

il
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manufacturer. The Company is today one of the largest aviation industries in
the world, acting onto the steps of project, development, manufacture, sale and
after-sale support of aircrafts for both commercial and executive aviation, besides
offering integrated solutions for defense/security and systems.

With offices and factories in many parts of the world the company is a leader
in the commercial jet market with up to 120 seats, and the fifth largest manufac-
turer of business jets worldwide and the largest company of defense and security
solutions in Brazil [12]. Figure 4 demonstrates the international factories and
offices of the company.

The evolution of the company related to product development engineering,
held jointly with suppliers resulted in the management of supply network in a
strategic way, which was crucial to its competitive success [2]. The industry was
vertically integrated, but since the '90s, has substantially altered its strategy to
supply network to broaden its partnerships with key suppliers.

To illustrate this, in the '80s, the company worked with more than 500 compo-
nent suppliers without substantial sharing of engineering effort and development.
The aircraft development was done internally, making the resource constraints
take a long period - around 8 years - for the product to be placed on the market.

However, trying to strategically manage their supply network, the organi-
zation sought for technologically strong partners around the world who were
committed to a more cooperative relationship among suppliers and company
from product design sharing risks and costs of development. Several companies
have already been selected to develop and supply structure equipments and in-
side parts of the aircraft, allowing suppliers reduction from 500 to 350. This new
model of supply management has generated a more technologically advanced
product whose development period was reduced to five years.
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Fig. 4. The global operation of aeronautic industry, with assembly lines in Brazil,
China, Portugal and the USA and service operations in other locations. Source: Adapt
[12]

In the ’90s, the supply network managers of this company continued to evolve
in their strategic effort to increase the speed of product launches, technological
upgrading and flexibility in responding the market [2]. The development of the
aircraft project called ERJ 170, was innovative in several ways, either by engi-
neering and institutional management of risk partnerships; or by the products
integrated development tools (IDT) and the new management philosophy of co-
design; as well for the built-edge technologies in the product, such as navigation
systems fly-by-wire; and new production technologies, whose references are the
techniques of lean production [3].

In project ERJ 170 one adopted the concept of group technology whose
advantage is the commonality among the aircrafts and the co-design system
for the development of the new aircraft project with risk partners. These two
strategies are global trends, stimulated by technological nature of the product,
market structure, high development cost and risk and rate of return on long-
term investments, requiring from the risk partners a solid financial capacity for
the investments supply. Table 1 highlights the risk partners of the project 170.

The set of risk partners to integrate the 170 - program were selected from
the analysis of 85 potential partners. From these, 58 were qualified, but only 12
were chosen. Aiming to manage the project, a directory exclusively dedicated
was established to organize two central working groups: (i) first group, named
Integrated Program Teams (IPT), charged to ensure functional vision and qual-
ity of the design of the aircraft subsystems; (ii) the second group, named Design
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Table 1. 170 Projects risk partners (country and component)

Country Component
Spain Stabilizers and aft fuselage
Belgium Slat / Central Fuselage II (Manufacturing)
USA Interior
USA Power generation system / APU, Tail Cut / air management system
USA Flight control, fuel system and hydraulic system
USA Avionics
Germany Landing gear
Japan  Wings (board fixed attack, board fixed trail, stub, pylon, control surfaces
France Central fuselage I/III / doors
USA Engine / Nacelle
France Providing the coating instrument panels and rib wings
USA Production of transparencies / Windows

Source: Adapt [3]

Build Teams (DBT), was responsible for each physical segment of the aircraft
[3]. As a result of this new management model of this complex supply network,
the company reduced the development period of the product to less than four
years [2].

Other initiatives undertaken by the company to strengthen its relationships
with the suppliers were: (i) the creation of the SAC (Suppliers Advisory Council)
to improve communication, share strategic and tactical decisions and improve-
ment of the trust level in the relationship; and (ii) the annual world congress
with its suppliers, SC (Supplier Conference). The company currently has a col-
laborative and effective relationship with suppliers, sharing risks and benefits
from the development of the product, which makes the organization a success in
managing the Supply Network Complexity.

4 Conclusion and Outlook

Globalization has allowed companies to have customers and suppliers around the
world which makes the supply network management a complex task. Manufac-
turers of products that require a large number of parts and raw materials, skilled
labor and high levels of security have increased this complexity and the manage-
ment would not be possible without the use of modern Information and Com-
munication Technologies. This study aimed to present that which was named
Supply Network Complexity in order to represent networks that encompass this
scenario.

The case study conducted in a Brazilian aeronautic industry has highlighted
the results arising from the efficient management of these networks. Thus Brazil -
a country where companies are generally multinational and whose main products
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are commodities - managed to develop a company capable of producing high-tech
aircraft, security and international competitiveness.

Clearly, further studies on these Supply Network Complexity need to be

performed and analyzed other segments of industrial production so that we can
effectively consider this term in Production and Operations Management.
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