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A Decisional Multi-Agent Framework for
Automatic Supply Chain Arrangement

Luca Greco, Liliana Lo Presti, Agnese Augello, Giuseppe Lo Re, Marco La Cascia
and Salvatore Gaglio

Abstract In this work, a multi-agent system (MAS) for supply chain dynamic con-
figuration is proposed. The brain of each agent is composed of a Bayesian Decision
Network (BDN); this choice allows the agent for taking the best decisions esti-
mating benefits and potential risks of different strategies, analyzing and managing
uncertain information about the collaborating companies. Each agent collects infor-
mation about customer’s orders and current market prices, and analyzes previous
experiences of collaborations with trading partners. The agent therefore performs
a probabilistic inferential reasoning to filter information modeled in its knowledge
base in order to achieve the best performance in the supply chain organization.

1 Introduction

In this paper, we present a decision support system for companies involved in the
organization of a supply chain. In a supply chain, a group of suppliers and customers
collaborate to provide services/products with a quality greater than the one a single
partner could provide alone. Within this network, persons and hardware/software
systems work together sharing information and services in order to provide a prod-
uct that can satisfy the final customer needs.In such a complex environment deci-
sions must be made quickly, analyzing and sharing several information with multiple
actors [1].

A supply chain management system includes several entities: the different com-
panies involved in the supply chain and, for each company, different entities special-
ized in the accomplishment of specific business tasks. Such scenario makes urgent
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2 Luca Greco et al

the realization of new tools for effectively retrieving, filtering, sharing and using
the information flowing in the network of suppliers/customers. Such tools should
be used to continuously monitor business processes and collaborations established
within the group; moreover, they have to be conceived so to limit the dependencies
among companies guaranteeing each company could work independently of each
other. Supply chains are constantly subject to unpredictable market dynamics, and
in particular to continuous changes in prices and in commercial partnerships, which
may become more or less reliable. The uncertainty that characterizes these changes
can affect the supply chain performance and should be properly handled [2][3].

Multi-agent systems may be particularly useful for modeling supply chain dy-
namics [4]. The entities involved within a supply chain can be represented by agents
able to perform actions and to make autonomous decisions in order to meet their
goals [5][6]. Supply chain organization can be therefore implemented as a dis-
tributed process where multiple agents apply their own retrieval and filtering ca-
pabilities.

In this work, we envision a system where the supply chain can be automatically
organized maximizing the utility of the whole group of collaborating partners. The
success of the established collaborations depends on the capability of each com-
pany and of the whole group to adapt to the changes in the environment they work
within. Adapting their strategies and behaviors, the whole group of partners is able
to exploit new solutions and configurations that can assure the production of high
quality products and can guarantee a profit for each partner. The success of the col-
laboration enables the success of each company and, therefore, the companies are
motivated to adopt strategies to increase their profit while easing the establishment
of new collaborations. The knowledge, relations and processes within the group
of companies results from continuous negotiations among the partners in order to
reach a consensus about their availability to join the supply chain. Once a consensus
has been reached, a supply chain has been organized. Then, several suppliers and
customers will collaborate to maximize their profit and satisfy the customer needs
while providing a high quality product at a convenient price. Given a set of com-
panies, the problem of organizing a supply chain has exponential complexity, being
necessary to evaluate several kind of potential supply chains for choosing the one
that satisfy all the constraints previously described. Solving such problem requires
both techniques for retrieving the information and for filtering and using it in the
most convenient way. Therefore, we propose a method for the supply chain creation
with the goal of maximizing the utility of each single company and realize the best
collaboration within a group of companies that agree to work together.

The system we propose is made of a community of intelligent agents able to
provide support in supply chain decision processes. Each agent is responsible for
decision-making processes relating to a particular company. To accomplish this goal
each agent has to retrieve information necessary for decision making, incorporating
them in its own knowledge base.

Decision making is not a simple activity but a process leading to the analysis of
several variables, often characterized by uncertainty, and the selection of different
actions among several alternatives. For this reason, the brain of each agent has been
DRAFT



A Decisional Multi-Agent Framework for Automatic Supply Chain Arrangement 3

modeled by means of a Bayesian Decision Network (BDN)[7]; this choice allows
the agent for analyzing uncertain information and estimating the benefits and the
potential risks of different decisional strategies. A preliminary version of this work
has been presented in [8].

The paper is organized as follows. In Section 2 some related works are discussed
and in Section 3 the proposed system is described, while in Section 4 a case study is
reported; finally Section 5 reports conclusions about the proposed system and future
works.

2 Related Works

Multi agent systems (MASs) provide an appropriate infrastructure for supporting
collaborations among geographically distributed supply chain decision-makers [9]
[10]. Moreover, the agent paradigm is a natural metaphor for supply chain organi-
zations, because it allows for easily modeling supply chain member features (de-
cisional autonomy, social ability to establish agreements with the other companies,
reactivity to the market, but also proactiveness)[11].

There exists a large literature on this subject, an interesting review is reported by
[4]. Agent systems can be used for supply chain management or design purposes
[11]. Here we analyze issues related to the dynamic configuration of supply chains.

In this context, a team of researchers from the e-Supply Chain Management
Lab at Carnegie Mellon University and the Swedish Institute of Computer Science
(SICS) has defined the rules of a competition called TAC SCM (Trading Agent
Competition - Supply Chain Management Game), aimed to capture many of the
challenges involved in supporting dynamic supply chain practices [12].

Authors of [13] propose a multi agent system which allows for a dynamic re-
configuration of the supply chain, managing scenarios where suppliers, prices and
customers demands may change over time.

In [14], a machine learning algorithm based on decision tree building allows for
the choice of the best node at each stage of the supply network analyzing the com-
bination of parameters such as price, lead-time, quantity, etc. In particular, at each
node, an agent collects information about the upstream nodes, filtering the infor-
mation to extract necessary training examples for a learning module. The learning
module, therefore, extracts from the training examples a set of decision rules which
are used by a dispatcher to identify the best choice of a node.

In previous works [17] [18] [19], a set of agents organizes a coalition to execute
a complex task based on the contract net protocol [16]. In this kind of system, a
customer can specify the good he wants to buy as well as the maximum price he
is willing to pay for it. The agent system finds the user willing to fulfill the cus-
tomer’s order at the lowest price. During the negotiation, the agents establish con-
tracts that specify and regulate the agents’ interactions allowing the required task
to be distributed among a group of agents. In this sense, the task must be precise
and hierarchical in nature, i.e. the task can be broken down into mutually indepen-
DRAFT
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dent subtasks. Our framework is similar in spirit to the previous works, but enables
each agent to reasoning in a probabilistic way by means of a BDN modeling the
supply-chain organization process. A supplier selection process involves subjective,
imprecise and uncertain information that must be translated into quantitative data
for decision making [21]. In [15] and [21] fuzzy sets theory is used to translate this
vague information into quantitative data in order to define supplier selection crite-
ria. [2],[3], [22] focus on uncertainty issues in the organization of supply chains.
The authors of [2] study the effect of uncertain customer demand, supplier capac-
ity, and supplier’s capacity utilization; they employ an agent-based simulation to
evaluate two different adaptive coordination strategies. In [3] different coordina-
tion and information sharing techniques are analyzed in order to understand which
combination is the most effective in managing uncertainty. In particular, in [22], a
theoretical model, based on an extension of Bayesian Networks models, is used to
formalize supply chain agents’ interactions during an order fulfillment process. The
direct supply-demand relationships between pairs of agents are modeled as directed
causal links, because the failure of a supplier to fulfill its commitments may affect
the commitment progress of his customers. The information sharing between agents
is modeled as belief propagation. The extended Bayesian Belief Network model
proposed by the authors allows the agents to perform strategic actions, such as dy-
namically select or switch the suppliers, or take decisions to cancel a commitment
based on its related expected utility function.

As in [22], we model the main variables of the domain and their causal relations,
but exploiting the advantages of Bayesian Decision Network (BDN) models. Each
agent of the chain has its own BDN to represent its beliefs about the reliability of
commercial partners, based on trade relationships established during the past busi-
ness experience. The information arising from each network is used for configuring
the entire supply chain.

3 Proposed System

In this paper, we make the assumption that each company is represented by an agent,
and we focus on the information retrieval and filtering process performed by each
agent to organize a supply chain. More complex architecture can be used to model
the business process within each company, but we assume there is an agent that
represents the entire company and is involved in the supply chain organization pro-
cess. Considering the characteristics of the system we are envisioning, we believe
a multi-agent system is the proper tool for its implementation. Indeed, the agent
design paradigm permits to realize several autonomous components of a complex
system; moreover, agents can make easier the exchange of information and services
to realize virtual collaboration across the network of companies. Agents are able
to take actions autonomously and independently one each other by means of their
social capabilities and pro-activeness; this contributes to model the distributed and
dynamic environment supply chains must be realized in.
DRAFT
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Figure 1 shows how the supply chain creation process is triggered. We assume
each agent in the supply chain analyses the information provided by the informative
system of the company it works on behalf of. Such informative system constantly
updates the agent about the current available resources, the productive capabilities,
the time required for developing business processes and other useful information.
The supply chain decisional process starts when a new order arrives to a company.
The agent responsible for that company will then trigger a decision-making process
aimed at the supply chain building. This process leads in turn to the creation of
sub chains, performed by other agents involved in the fulfillment of the order. To
create its own sub-chain each agent queries the informative system of its company.
The brain of each agent is composed of a Bayesian Decision Network (BDN); this
choice allows the agent to take the best decision estimating the benefits and the
potential risks of different strategies, analyzing and managing uncertain information
about enterprise data. Moreover the agent’s knowledge base can be constantly and
dynamically learned and updated by means of observations on data managed by the
informative systems of the companies.

An agent representing a certain company in the supply chain can act as supplier if
the company is a provider of some material, or as supplier/customer if the business
activity of the company requires other products or raw materials from other compa-
nies in the chain. In the first case, the agent has a passive role in the supply chain
creation process and its decisional strategies will regard price negotiations to join
the chain. In the second case, the agent has an active role, because it will create a
sub-chain to manufacture its own product. We also assume that, whenever the agent
needs to buy a certain material from the other agents, it will buy the necessary quan-
tity from a single supplier. This hypothesis does not limit the applicability of our
system because the system could be easily extended considering as possible suppli-
ers combinations of agents that jointly fulfill the order based on their capabilities
and available resources.

Moreover, to account for the changes of the market and environment conditions
and/or to changes of the business strategies adopted by each company within the
group, it is required to exploit new kind of collaborations among the companies
over time. Each company automatically decides if and when to assume the role of
customer/supplier for the other partners across the supply chain.

3.1 Dynamic Supply Chain Organization

During the supply chain organization process, each agent can receive an invitation to
join the chain as supplier and, based on its actual resources, productive capabilities
and economical convenience, it can decide if joining the chain or no. To collaborate
in the chain, the agent can ask other agents for products/services it needs for its own
business process. In this case, it acts as customer and invites other agents to join
the chain for satisfying a certain order. In practice, before joining the supply chain,
the agent needs to organize a sub-chain for its own business process. Once an agent
DRAFT
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Fig. 1 In the proposed system, a set of agents collaborates to fulfill the customer’s order. The agent
receiving the order triggers the supply chain organization process that is developed hierarchically
within the group of collaborating companies.

knows it can join the supply chain, it replies to the invitation informing about its
availability and the conditions it wants to impose for being part of the collaboration
(for example price and temporal conditions). Then, it waits to be notified if it has
been selected as partner of the supply chain and, in this case, it starts the collabora-
tion. Therefore, a supply chain is the result of a set of negotiations among the agents
belonging to the same group. All the agents communicate costs, quantities, times
and modalities needed for the supply chain organization. To reach a consensus, two
different kinds of information flows are used across the agent network. As depicted
in figure 2, the top-down information flow represents the invitations sent to agents
for being part of the supply chain, while the bottom-up information flow represents
the information flowing from suppliers to customer about their conditions to join
the supply chain.

During the negotiations, all the agents are in competition one each other; their
behavior can be oriented to maximizing their business volume constrained by the
quality of the final product, their productivity capability and the minimum profit
they want to get. The supply chain can be built choosing all the agents that, with the
highest probability, could assure the success of the final supply chain and would col-
laborate to satisfy the final customer’s order. The problem of automatically organize
the supply chain has an exponential complexity being necessary to evaluate all the
possible supply chain hypotheses. In the following, we assume that the entire sup-
ply chain can be modeled as a tree; at each level, a sub-tree represents a sub-chain.
In our formulation, at each node of the tree an agent provides a particular goods
or service needed at higher levels to provide the product required by the customer.
However, the production of this goods/services can require the cooperation of other
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agents. Therefore it can be necessary to establish a set of collaborations with other
agents, i.e. a new sub-chain. The organization of the entire supply chain reduces to
recursively organize each sub-chain as showed in figure 2. The problem of organiz-
ing a supply chain is therefore addressed by dividing it into sub-problems of lower
complexity. The entire supply chain can be organized considering sub-optimal so-
lutions at each node of the tree. Whilst in general the solution will not be globally
optimal, under the assumption of independence of the sub-tree, the final solution
will be optimal. This assumption does not limit the applicability of our system be-
cause it is reasonable to assume that at each node of the supply chain independent
business processes would be developed.

Fig. 2 A Supply Chain can be organized hierarchically. Each agent can build a sub-chain to de-
velop its own business process. Each agent behaves as supplier towards the higher level in the tree,
and as customer for the agents at the lower level in the tree. The image shows the two different
information flows within the agent network.

3.2 Agent-based Chain Organization

Algorithm 1 reports the pseudo-code for the finite state machine adopted to im-
plement the agents in our system. In capital letters we specify behaviors triggered

DRAFT



8 Luca Greco et al

and used by the agents to pursue their goals. In cursive capital letters we specify
messages sent/received by the agent.

First, the agent has to collect or update its beliefs considering the success/failure
of the supply-chains it joined.

Once it receives an invitation to participate to a supply-chain, then the agent
checks if, based on its adopted marketing strategies and its current capabilities, it is
convenient or not to join the chain (CHECK CONVENIENCE). In our implemen-
tation, we assumed the agents always find convenient to join the chain.

When BUSINESS PROCESS ORGANIZATION is invoked, the agent analyzes
the current stocks and plans the resource allocation necessary to satisfy the cus-
tomer’s request. It also selects the list of suppliers to contact for organizing its own
sub-chain. In the last case, the agent is going to expand the whole supply-chain
tree by adding a sub-tree corresponding to its own sub-chain. To organize such sub-
chain, the agent sends invitations to the candidate suppliers and waits for their avail-
ability to join the chain.

Once the agent receives at least an offer for each of the goods it needs to buy, then
the agent may adopt the BDN to choose the best supplier combinations to organize
the sub-chain. Otherwise, the agent has not the possibility to organize the chain and
send to the customer a denial of joining the supply chain. In case the sub-chain has
been successfully organized, then the agent may send an acceptance to the customer
in joining the chain. However, the agent has to wait for a confirmation from the
customer to know if it has been selected to join the supply chain. In particular,
similarly to the FGP (Finite-Time Guarantee Protocol) [20], in our framework each
agent waits for the confirmation for a limited period of time. After this time, if the
agent is not selected to join the chain, it will make available the allocated resources
for other bids. In this way, the agent will not loose the possibility to join other chains.

Only after the receiving of a positive confirmation, the agent may acknowledge
all its suppliers and starting the real PRODUCTION PROCESS.

In our implementation, tested on simulations, we did not implemented the PRO-
DUCTION PROCESS, but we updated the virtual capabilities of the agent to join
future supply chains.

3.3 Supply Chain Decisional Process

The supply chain organization requires the selection of agents whose cooperation
can ensure the success of the entire supply chain. It is necessary to adopt strategies
that take into account the uncertainty of the environment in which the agents work.
In fact, the establishment of a supply chain is not a deterministic process. Factors
such as delays in delivery – for example due to an excessive geographical distance of
the companies the agents represent –, the reliability of a supplier and consequently
the failure to meet his commitments could determine a failure for the supply chain.DRAFT
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Algorithm 1 Finite State Machine for Agent
1: UPDATE/COLLECT BELIEFS
2: Wait for any INVITATION to join/organize the supply-chain;
3: if INVITATION has been received then
4: CHECK CONVENIENCE of joining the chain
5: if positive CONVENIENCE then
6: BUSINESS PROCESS ORGANIZATION:

Analyze stock, select quantities and candidate suppliers
7: EXPAND TREE:
8: SEND INVITATIONS to candidate suppliers
9: Wait for all the RESPONSES (within a temporal window)

10: CHECK RESPONSES:
11: if at least a positive response for each necessary material has been received then
12: ORGANIZE SUB-CHAIN:

Use BDN to compute the best suppliers organization
13: if SUB-CHAIN has been organized then
14: DECIDE PRICE
15: SEND ACCEPTANCE and PRICE to Customer
16: Wait for CONFIRMATION of the Customer
17: if positive CONFIRMATION
18: SEND POSITIVE CONFIRMATIONS to selected suppliers
19: SEND NEGATIVE CONFIRMATIONS to discarded suppliers
20: START PRODUCTION PROCESS
21: else
22: SEND NEGATIVE CONFIRMATIONS to suppliers
23: endif
24: else
25: SEND DENIAL
26: endif
27: else
28: SEND DENIAL
29: endif
30: else
31: SEND DENIAL
32: end if
33: end if
34: goto line 1

Our system takes into account such factors by assigning a degree of uncertainty
to the choice of agents in the supply chain: each agent can join the supply chain with
a certain probability.

To take into account the uncertainty of the business process, in our system each
agent adopts a Bayesian Decision Network (BDN) to represent explicitly consid-
erations about cost-benefits associated with each strategy in the decision-making
process. Our system takes into account the uncertainty of the process, representing
these factors in an appropriate model. In particular the knowledge base of each agent
is modeled by a Bayesian Decision Network (BDN), an extension of a Bayesian Be-
lief Network which permits to represent explicitly considerations about cost-benefits
associated with each strategy in a decision-making process. BDNs allow for consid-
DRAFT
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ering the agent state, its possible actions and the associated utility. For all these
properties, BDNs can support humans in taking decisions, simulating, analyzing or
predicting scenarios. Their use is particularly appropriated when timely decisions
must be taken in complex and dynamic domains, and where multiple actors are
present. Moreover, proper learning algorithms allow for a dynamic generation and
updating of agents knowledge models. These models are used in this context to
manage strategic commercial decision policies and arrange the supply chain.

Through the combination of probabilistic reasoning with the utilities associated
with the decisions, the BDNs are a valid tool to choose the decision that maximizes
the expected utility.

In our system, each agent can assign a degree of uncertainty to the success or
failure of a particular configuration for a supply chain. To develop its business pro-
cess, an agent retrieves the information about all the suppliers available to join its
own chain and reasons on the collected information; then, by means of a BDN, the
agent filters the suppliers and retains only those able to organize the best sub-chain.

The probabilities of the network may be a priori known or on-line learnt based on
strategies chosen by each agent. In this sense, several strategies can be adopted, es-
pecially depending on the type of market. Business decisions can be taken in relation
to parameters of convenience, as generally done in case of wide consumer products,
or considering other factors such as the prestige, the competitiveness or the brand
of the potential suppliers, as happens in a market of luxury or highly differenti-
ated products. In this case, in establishing a trade agreement, the agent will consider
factors such as price, delivery terms and payment, product quality and business part-
ners reliability. As an example, cost leadership strategies focus on acquiring highest
quality raw materials at the lowest price. Instead, in a market of luxury or highly
differentiated products, decisions may be taken considering other factors such as
the prestige, the competitiveness or the brand of the potential suppliers. Different
strategies can be appropriately modeled in the BDN.

3.3.1 Supply Chain Decision Network

Figure 3 shows an example of decision network used by each customer agent to
organize its own sub-chain.

The strategy of each agent is to compare the reliability and the price proposal
of different suppliers. In particular, to take into account the reliability of an agent
to meet its commitments when involved in a collaboration, each agent is associated
with a “reputation”. Based on its past experience or on specific adopted strategies,
each agent associates each supplier with a certain reputation that it can adapt over
time. In practice, the reputation represents how much the agent trust in its suppliers.
For example, it is possible to on-line learn such value by measuring the number
of times a supplier has fulfilled its commitments and/or evaluating the quality of
the collaborations in which the supplier has been involved (by analyzing a set of
parameters such as the product/service quality and time delivery), or considering
the supplier degree of specialization or expertise in the field.
DRAFT
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In the specific example, it is assumed that an agent needs to buy two different
types of materials to manufacture its product. Each material is associated with a list
of possible supplier agents. The reputation node (which shows the reputation asso-
ciated with the supplier – low, medium, high, not available) and the offer node are
conditioned on the choice of the supplier; the offer node is modeled by a determin-
istic node (SupplierMaterialOffer) representing the cost of the offer proposed by
the supplier (sufficient, fair, good, not available). This value may be determined by
comparing the received offer to the market price and/or evaluating the quality and
characteristics of the offered products.

The reputation associated with a supplier agent influences the commercial trans-
action to acquire the specific material, represented by the node TransactionStatus.
The reputation and the offer jointly determine the utility associated with the transac-
tion between the customer agent and the selected supplier agent (utility node Trans-
actionUtility). The value of the expected utility is the expected value associated with
the offers according to the reputation probability distribution. The Transaction util-
ity nodes for all the needed materials are used together to determine the utility of
the entire sub-chain. The Transaction probabilistic nodes for raw materials, instead,
influence the probabilistic node Supplychain, which expresses the probability that a
supply chain can be successfully established.

Through the proposed BDN, the decision analysis is performed directly compar-
ing the utility values corresponding to different choices ensuring the success of the
supply chain. We stress the BDN parameters implement the strategy that each agent

Fig. 3 Agent Decision Network for selecting the suppliers that maximizes the utility associated
with the supply chain. In the figure, only two kind of materials have to be bought.
DRAFT
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wants to adopt when assembling its supply chain. Parameters of the utility nodes for
each agent can be devised by a knowledge engineer according to the sale manager
guidelines in order to represent the strategy for the company the agent works on
behalf of.

3.4 Dynamic Behavior of Agents over Time

Although the agents may adopt different strategies, in our formulation we assume
each agent chooses whether to participate in the organization of a supply chain based
on the available resources. If it decides to join the chain, the agent sets the selling
price taking into account constraints related to the minimum profit it wants to get
from the transaction, and its experience in previous negotiations. Therefore, in our
system each agent decides whether to increase or decrease the selling price based
on the outcome of the offers in previous transactions within a given time window. If
the agent has not been selected for joining a supply chain at a certain selling price
then, at the next negotiation, it decreases the selling price (constrained by the costs
necessary for production). Conversely, if its previous offers have been accepted at
a certain price, it tries to slightly increase the selling price in order to maximize its
profit. As a consequence, in this scenario, the agents adopt a lower price strategy,
where prices tend to decrease and agents become as more competitive as possible.

Let Pm be the minimum selling price to cover production costs and ensure a
minimum profit, and PM the maximum selling price the agent knows it is risky to
sell to (this price could be set by the customer of the agent). The selling price varies
according to the number of times k the agent has joined a supply chain in the time
window T . In particular, the selling price P varies according to the following:

P = max(Pm,P∗) (1)

where

P∗ =


min(Pt−1 +∆P;PM) if k ≥ τ

Pt−1−∆P if k ≤ γ

Pt−1 otherwise.
(2)

In the previous formula, Pt−1 is the selling price offered at the last negotiation,
while ∆P is a priori known value representing how much the selling price is in-
creased/decreased. τ represents the threshold value to determine after how many
successful transactions in T the price would be increased; conversely, the threshold
γ is the maximum value of k for which the price should be reduced.

Although more complex strategies could be applied, the one just described allows
agents for dynamically adapting to the environment in which they operate favoring
a free competition among the partners within the same group.DRAFT
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4 Experimental Results

To evaluate the system, we considered the simple case where the supply chain can be
represented by a binary tree and each agent can have no more than two different sup-
pliers for each material it needs to buy. As discussed in Section 3.3.1, it is possible
to learn agent reputation considering the success of the negotiations among agents
through the time. Here, for the sake of demonstrating our approach, i.e. adopting
a BDN for taking decisions about the supply chain organization, we assume agent
reputations are constant across time and study how the negotiations are carried on
among the agents. We empirically demonstrate that, as consequence of the supply
chain organization outcome and, therefore, of the decisions taken by each agent, at
each negotiation the agents change the offered price in order to join more supply
chains as possible.

To implement our Multiple-Agent System, we adopted the Java Agent DEvelop-
ment Framework (JADE) [23], that simplifies the development of distributed agent-
based systems. The BDN has been implemented by GeNIe [24], that offers a sim-
ple environment to design decision-theoretic methods. We also implemented simple
wrapper classes the agents can use to interface with GeNIe.

We simulated a network composed of 21 different agents as showed in figure
4. We are assuming the agents have to buy only two materials, and for each one
they would contact only two suppliers. Of course, this configuration has meant for
demonstrating the validity of the proposed approach, but in real cases more complex
scenarios can be handled. We also assume each agent offers its product at a certain
price computed based on a certain strategy, i.e. the one presented in Sec. 3.4.

Let {Si}5
i=1 be the set of agents that can act both as supplier and customer within

the supply-chain; therefore, they need to organize their own sub-chains. Let {A j}16
j=1

be the set of agents that have the role of suppliers within the supply chain; these
agents do not need to organize any supply chain for their business processes. Let
{Pk}10

k=1 represent the products that are sold/bought within the agent network to
assemble the supply chain.

In figure 4, the agent S1 has the role of supplier to the final real customer and as-
sembles the main supply chain for satisfying the incoming orders. Agent S1 provides
the product P and needs to buy two different kinds of materials: P1 and P2. Then, it
sends an invitation to join the chain to its own suppliers, that are S2 and S3 for the
material P1 and S4 and S5 for the material P2. To provide the product P2, the agent
S2 needs the materials P3 and P4 and, therefore, it contacts the corresponding sup-
pliers: A1 and A2 for P3, and A3 and A4 for P4. This kind of hierarchical structure is
repeated for each agent at the second level. In this specific scenario, only the agents
at the first and the second level of the tree decide to organize a supply chain and,
therefore, they use the proposed decision network for choosing the configuration of
suppliers that would guarantee their maximum utility.DRAFT
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4.1 An example of Supply Chain Decision Making

The supply chain organization requires a set of negotiations among the agents to
exploit possible collaborations and choosing the one that maximizes the agent util-
ity. A negotiation can be modeled as an exchange of messages among agents that
communicate their availability to join the chain at certain conditions, i.e. prices,
quantities and time.

The selection of the agents joining the chain is done considering the utility asso-
ciated with the supply chain; based on the value of reputation and cost, it is possible
that a supplier offering an higher price is selected because of its reputation. For ex-
ample, let consider the scenario represented in table 1. Two suppliers with the same
probability distribution of the reputation (Reputation low, medium, high and NA)
are selling the same material at two different prices that the agent considers discrete
and good respectively. In this case, the BDN permits the agent to select the most
convenient price. This can be easily seen comparing the utilities associated to each
transaction.

In the case represented in table 2, two suppliers with different probability distri-
bution of the reputation are selling the same material at two different prices that the
agent classifies as discrete and sufficient respectively. In this case, whilst the first
supplier is offering the most convenient price, the agent chooses the supplier with
the better reputation distribution.

Fig. 4 The figure shows the environment simulated for demonstrating the validity of the proposed
system. Each node in the tree represents an agent. Only five agents need to build sub-chains. To
organize the supply chain, agent S1 needs to buy products P1 and P2. Therefore, it has to choose
between S2 and S3 and between S4 and S5. On the other hand, S2 needs to organize its own sub-
chain before raising an offer to S1. It needs to buy P3 from the agent A1 or A2 and the material P4
from the agent A3 or A4. Every agent of second level works similarly.DRAFT
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Table 1 Scenario 1 – Supplier selection in case of same reputation distribution and different offers.

Nodes Reputation Reputation Reputation Reputation O f f er TransactionUtility
Low Medium High NA

Supplier 1 0.33 0.33 0.33 0 discrete 6
Supplier 2 0.33 0.33 0.33 0 good 7

Table 2 Scenario 2 – Supplier selection in case of different reputation distributions and offers.

Nodes Reputation Reputation Reputation Reputation O f f er TransactionUtility
Low Medium High NA

Supplier 1 0.5 0.5 0 0 discrete 6
Supplier 2 0 0.5 0.5 0 sufficient 7.5

4.2 Price Variation based on Past Experience

As explained in Sec. 3.4, each agent of our system changes the selling price consid-
ering its experience in past collaborations. As all the agents will change their prices,
the conditions to organize the supply chain are dynamic and, therefore, it is possible
to observe how the strategies adopted by the agents affect the price of the product
provided by the whole supply chain and by each sub-chain.

To these purposes, we run 100 simulations where the agents negotiate to organize
a supply chain and then automatically modify their offers in order to increase the
chance of being selected for the supply chain creation and to maximize their profit.
In the experiments, we set γ to 0 and τ to 2, with a temporal window of 3 and
2 respectively. To show how the agents modify their own behaviors, we focus on
negotiations about the same product.

Let us consider the competition between suppliers S4 and S5 for the product P2.
Assuming that the two agents have the same reputation distribution, then the cus-
tomer agent will select the supplier based on the best offer. Across time, to join the
chain, agents S4 and S5 decrease their selling prices in order to be more competi-
tive (see Fig. 5). The same scenario but with different reputation distributions for
the agents is showed in Fig. 6. Now S4 decreases its offered price faster than S5 to
reduce the reputation gap. When S5 decreases its price too, the agent S5 is preferred
because of its reputation.

Let us consider the competition between suppliers S2 and S3 for the product P1.
We consider the case when S3 always has a better reputation distribution. In this
case the agents have a different minimum price but the lowest is not always selected
because of the worst agent reputation(see Fig. 7). In all the plots in Figs. 5, 6 and 7,
the markers at each run correspond to the agent that has been select to join the supply
chain.For clarity, we used square and circle dots on the dashed and continue curves
respectively. At each time, the dot indicates the agent winning the competition.DRAFT
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Fig. 5 The figure shows how the price of the product P2 offered by S4 and S5 changes across
time. The agents have the same reputation distributions and the supplier offering the lowest price
is selected. Therefore, agents tends to decrease their prices to be more competitive.

Fig. 6 The figure shows the plot of the product P2 price offered by S4 and S5. Agent S5 has a better
reputation distribution, and when a minimum tradeoff price is reached it is always selected from
the higher level.

Fig. 7 The figure shows how the prices of the product P1 offered by S2 and S3 changes across time.
In this case, the agents have different reputation distributions; the supplier selection is done based
on the transaction utility taking into account both the price and the reputation.

5 Conclusion and Future Works

In this paper we presented a decision support system for the automatic organization
of a supply chain. In our formulation, a supply chain can be modeled hierarchically
DRAFT
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as a tree where each node represents a company providing a certain product/service
to the higher level and buying products/services from the lower level. In practice,
each sub-tree models a sub-chain. We employed agents for representing the com-
panies involved in the supply chain organization and equipped each agent with a
BDN they can adopt to filter information flowing in the customer/supplier network.
In particular, the proposed BDN explicitly models the uncertainty of the informa-
tion owned by the agent and related to the dynamic environment the agent works
in. Moreover, our BDN formalizes the concept of reputation of the suppliers and
permits to select those suppliers that would guarantee the best utility for the agent
and the success for the whole supply chain.

We presented a simplified model that can be further improved through the collab-
oration between the knowledge engineer and a domain expert. The domain expert
will identify the best decision criterion to consider in the supply chain manage-
ment and their role. After a careful analysis a general model will be defined and
customized by each company according to its management policies. Therefore in
future works, more complex scenarios will be analyzed and more attention will be
paid in modeling the decisions of each agent of the chain. In particular, we will
extend the proposed BDN to model decisions about the possibility of joining the
supply chain (based on potential risks the company would avoid or its resource
availability) and the decisions about the supplier choice considering other variables
such as time constraints and goodness of the agreement conditions or constraints
between the suppliers at the same level of the chain.
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