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1. INTRODUCTION

Production networks of firms linked by supply-customer
relationships embedded in a geographical space are among
the phenomena not yet well understood by practitioners and
scientists. A production network can be defined as a net-
work of autonomous or semiautonomous business entities
collectively responsible for procurement, manufacturing and
distribution activities associated with one or more families
of related products. Such networks are highly non-linear
and exhibit complex behavior through the interplay of their
structure, environment and function, this complexity mak-
ing it difficult to manage, control or even predict them. Pro-
duction networks, supply chains and their management have
received considerable attention from researchers in various
disciplines over the past two decades. Agent-based modeling
(ABM) and simulation are regarded as one of the best can-
didates for addressing different aspects of these networks.
Indeed, ABMs allow the study of complex systems such as
production networks, from a micro-macro evolutionary mod-
eling perspective. They are able to take into account both
the issue of heterogeneity and autonomy of the agents, the
relevance of their temporal-spatial dynamic relations and
the emergent evolutionary nature of collective phenomena.

In this paper, we present a Multiagent system for studying
production networks dynamic. we propose a MAS starting
with the model proposed by Weisbuch and Battiston [3], and
try to understand how the behavioral styles at micro-level
(agent-level) determine the proximity relations at macro-
level. In W&B’s Model, some strong assumptions regard-
ing the regularity of the network, the orders from the mar-
ket, the non-existence of pricing mechanisms and investment
strategies, make the model very far from reality. Indeed, the
firms are considered behaving uniformly, while in real mar-
ket, firms are very heterogeneous, behave in different ways
and scale of time and space. Our approach in this work is
to start with this simple model characterizing well known
stylized facts and use MAS techniques and paradigms in or-
der to have a more realistic and flexible model allowing us
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to study farther issues in Agent-based Computational Eco-
nomics (ACE). We investigate the dynamics between firms
regarding the production firm as agent in the system. The
firms are adaptive agents taking investment decisions ac-
cording to their business efficiency. They adapt their prices
to be competitive and get more market. Also, they adapt
their business relation with their suppliers in order to reduce
costs of inputs and get orders satisfied. The agent proactiv-
ity, with very simple decision mechanisms at the micro level,
leads to the emergence of meta-stable business clusters and
supply chains at the macro level. In this paper, first, we de-
scribe the firm model and its dynamics, second, we present
the implementation of the model and a summary of simu-
lation results. Finally, we draw our conclusions and future
research directions.

2. THE FIRM MODEL

We describe our model, based on the model of Weisbuch
and Battiston [3] (we call it W&B’s model), as a network
in which firms are involved and have Business to Business
(B2B) relations.

The production network consists of a regular grid with [
layers of m nodes. The network is oriented from an input
layer | — 1 (natural resources) towards an output layer 0
(supermarkets) Fig( 1).

In each node of the grid we place a firm; firm Fj, ; is local-
ized at position ¢ in a given layer k. The network is initialized
with n = I+ m firms. Each firm Fy; / k € [1,] — 2] is linked
to its customers in the layer k — 1 and its suppliers in the
layer k4 1. The input to the production network enters only
through the firms in the input layer. The output from the
network is sold only by firms in the output layer. Orders

Output layer (0)

(supermarket)

i
Production] Y

Input layer (I-1)

(Natural resources)
Figure 1: Network of firms

(O) flow from the output layer (k = 0) to the input layer
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(k =1—1); supply (Y) flows from the input layer to the
output layer.

Each firm Fj ; has capital invested in the means of pro-
duction and has a production process converting Y " units
of inputs bought from firms in layer k + 1 into Y°“* units
of output. To design adaptive process of the firm in terms
of investment strategies and production adjustments, we de-
fine the capital of the firm as production capacity A ; which
depreciate in time with a certain rate and liquid assets Ly ;
which does not depreciate. We also introduce pricing mech-
anisms. For the firm level, we base our model on the markup
pricing mechanism where the price is calculated by adding
a markup (margin) to the average unit cost of the produc-
tion. For the final market (firms at the output layer), a
market clearing mechanism is set to clear the market fol-
lowing demand/supply principle. The production process is
based on B2B interactions and is executed within each time
step. One time step represents a full production process:
Each firm places orders. A firm receiving an order, calcu-
lates its needed inputs for production and then places orders
to its suppliers. Once orders propagated down to the input
layer, each firm produces according to the received inputs
and delivers. After delivery, each firm calculates its profit
and updates its assets and invests it in production capacity
if needed. The firm is the main entity of our system. It
interacts with other firms in it’s environment following B2B
rules. We design the two dynamic lists of suppliers and cus-
tomers changing over time, depending on the firm’s activity.
In its B2B environment, the firm adapts the sourcing strat-
egy by choosing the more profitable suppliers. The firm,
by assessing its business exchanges adapts its relations with
its partners; suppliers in its supply side and customers in
its market (upstream/downstream). It reinforces the sup-
ply links with the profitable suppliers by keeping ordering
inputs from them and proceeds to substitute the less prof-
itable ones by seeking for new suppliers offering best prices.
In the same dynamic, the firm as a supplier has to have
competitive prices in order to get more customers. In order
to get more customers, the firm adapts its fixed markup in
its pricing policy to get new customers. To reach its goal,
the firm has to take decisions according to strategies. This
local adaptation leads to changes in the form of the organi-
zational structure in which the firm is involved by gaining
or loosing customers. Using these decision mechanisms at
the firm level, we are interested on the effect of these de-
cisions on the production regionalization and the economic
performance of the whole system.

3. IMPLEMENTATION AND EXPERIMENTS

The results of simulations were obtained, using the multi-
agent platform DIMA [1], for a production network with
1250 nodes in five layers, run for 10000 time steps. The
initial wealth is uniformly and randomly distributed among
firms. Detailed simulation parameters and results are avail-
ble in [2]. We studied the impact of the transportation cost
and geographical reach on the network structure. We com-
pared the economic performance of the system under dif-
ferent conditions and got interesting results [2]. Across the
network, we studied different cases of geographical reach.
First, we have considered that each customer could see and
place an order with any supplier from its supply layer. In
other cases, we have considered that each customer could see
only a proportion of suppliers. We call this proportion the

geographical limit GeoLimit. We observe, in all the cases we
studied, that the firms self-organize into regions and spatial
patterns emerge. By changing the rules at the micro level
we could see different results at the macro level: the shape
and the number of the patterns in the network. The number
of regions we get at the end of each simulation case depends
on the GeoLimit parameter; The fewer suppliers a firm has
access to, the higher the number of regions we get Fig( 2).

Figure 2: The network after 10000 time steps, with
transportation cost ¢ = 0.1

4. CONCLUSIONS AND PERSPECTIVES

In this paper, a MAS is introduced and preliminary sim-
ulation results are discussed. Inspired by a very simple pro-
duction network model [3], the MAS is designed in a way
which allows us to alleviate shortcomings of the original
framework and its strong assumptions. We have integrated
price mechanisms into the model and reproduced stylized
facts such as the regionalization of production and wealth
with heterogeneous and adaptive agents. We have modeled
and simulated the impact of the transportation cost and
the geographical reach on the shape of the regionalization
production and wealth patterns. We also investigated var-
ious market settings market shared among numerous firms
to oligopoly. The results of the simulations have shown that
the individual firms, with local B2B interactions and de-
cisions, form stable production systems based on the sup-
ply/demand and market growth mechanisms leading to the
maturation of the market. From these preliminary results,
we plan to investigate, using MAS concepts like stigmergy
and self-organization mechanisms, various sourcing and in-
vestment policies as well as more global issues such as the
vertical vs. horizontal integration and collaboration in com-
petition. This will allow us to further investigate industrial
and business cluster dynamics and to confront our findings
to empirical data.
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