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Abstract:  Supply chain collaboration has become a 
critical success factor for supply chain management and 
effectively improves the performance of organizations in 
various industries. Supply chain collaboration builds on 
information sharing, collaborative planning and execution. 
Information technology is an important enabler of 
collaborative supply chain management. Many information 
systems have been developed for supply chain management 
from legacy systems and enterprise resource planning (ERP) 
into the newly developed advanced planning and scheduling 
system (APS) and e-commerce solutions. However, these 
systems do not provide sufficient support to achieve 
collaborative supply chain. Recently, intelligent agent 
technology and multi-agent system (MAS) have received a 
great potential in supporting transparency in information 
flows of business networks and modeling of the dynamic 
supply chain for collaborative supply chain planning and 
execution. This paper explores the similarities between 
multi-agent system and supply chain system to justify the 
use of multi-agent technology as an appropriate approach to 
support supply chain collaboration. In addition, the 
framework of the multi-agent-based collaborative supply 
chain management system will be presented. 
 
Keywords:  Supply Chain Management; Supply Chain Co-
llaboration; Agent Technology and Multi-Agent System. 
 
I. Introduction 
 
In today’s competitive business environment industry is 
recognizing the importance of efficient and effective supply 
chain management. Supply Chain can be viewed as a 
network of facilities (that connected from the ultimate 
suppliers to the ultimate customers) and distribution options 
that performs the functions of procurement of materials, 
transformation of these materials into intermediate and 
finished products, and the distribution of these finished 
products to customers. These autonomous or semiauto-
nomous business entities that perform all processes 
associated with the flow and transformation of goods and 
services from the raw material stage, through to the end user, 
as well as the associated information flows (Chorpa & 
Meindl 2004). According to Simchi-Levi (2003), the 
objective of supply chain management is to produce and 
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distribute merchandise at the right quantities, to the right 
locations, at the right time, in order to minimize systemwide 
costs while satisfying service level requirements. To realize 
the objective, the successful supply chain management 
requires effective support of advanced information 
technology and information system. Many information 
systems have been developed for the SCM from enterprise 
resource planning (ERP) into the newly developed advanced 
planning and scheduling system (APS) and e-commerce 
solutions. However, the capability of current information 
systems to support collaborative planning and control in the 
supply chain systemwide level is limited due to the 
complexity and dynamics of the supply chain in today’s 
globalized business environment. Recently, agent-based 
system and technology have been applied as a new paradigm 
for conceptualizing, designing and implementing the 
software system, which offers the potential to overcome 
many limitations of current information systems for the 
SCM. 

The aim of this paper to investigate the appropriateness 
of multi-agent based technology to support collaborative 
supply chain management. The remainder of this paper is 
organized as follows. First, issues regarding supply chain 
collaboration will be discussed in section two. Then, the 
roles and limitation of current information systems in the 
SCM will be discussed in section three. In section four, the 
characteristics of agent technology will be elucidated and its 
similarities between the supply chain system and multi-agent 
system will be analyzed. Finally, the framework of multi-
agent-based collaborative supply chain management system 
will be presented. 
 
II.  Supply Chain Collaboration 
 
Supply chain collaboration has become cornerstone of high 
performance in supply chain. According to Quinn (2001), it 
is believed that whether or not a company can effectively 
collaborate with the upstream and downstream supply chain 
participants has become a core business competency. Supply 
chain collaboration builds on two basic paradigms: sharing 
information, collaborative planning (Simchi-Levi 2001, 
Gattorna 2000, Bowersox, et al. 2002). Information sharing 
is the basic of collaboration in which supply chain partners 
share information about demand, inventory level, and 
promotional activities. It is recognized that only sharing 
information on historical or accurate sale data is not enough. 
Of greater importance is to share strategic information about 
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future activities to facilitate collaboration. Collaborative 
planning is the main content of supply chain collaboration. 
Actually, collaboration is one step along the supply chain 
development path for a company. According to Gattorna 
(2003), the adoption of collaboration tends to be 
evolutionary. As shown in Figure 1, it evolves from the 
integration of internal enterprise operation to the enterprise 
extension - collaborative planning with upstream suppliers 
& downstream customers and then extend to the supply 
chain system level. 

As shown in the figure 1, the final stage of the evolution 
towards collaborative supply chain planning is the 
development of a network of supply chain partners who 
work together for mutual benefits. This network would 
encompass the extend supply chain and include outsourced 
service providers such as 3PLs and contract equipment 
manufacturers into an intelligent supply chain system. The 
competition in this brave new world has transformed from 
company versus company to supply chain versus supply 
chain. Due to the evolution of supply chain collaboration, 
the supply chain management is no longer focusing on inter-
entity level. The philosophy of supply chain decision-
making has changed to system level. Nowadays SC consists 
of many independent entities that are usually separated 
geographically due to globalization and increasing 
outsourcing activities. Each entity has its own operational 
strategies, and business decision mechanism under different 
constraints, i.e., they are autonomous in nature. Since SCM 
integrates the issues of multiple stage production and 
multiple stage distribution systemwide planning, the 
network is a complicated system. 
 
III.   Information Systems in Supply Chain  

Management 
 
Collaborative supply chain such as information sharing, 

collaborative planning and execution between organizations 
require effective support through advanced information 
technology. Information technology, as an important enabler 
of effective supply chain management, consists of tools used 
to collect, organize, access, share and analyze the 
information, and act on it to improve the performance of the 
supply chain. Over the last decade, various information 
systems have been developed to support the SCM from early 
less sophisticated legacy system to the ERP systems, then to 
the more advanced SCM systems such as the APS. However, 
inter-organizational coordination and collaboration increa-
singly require more effective information technology 
support and are usually not covered sufficiently by 
traditional information systems such as the legacy systems, 
ERPs and APSs (Yuan et al. 2001, Hillegersberg et al. 2004). 
More often than not, current information systems that 
support the components in the supply chain process are 
developed by different vendors and are generally 
disconnected. Typically, these systems have evolved over the 
years based on various local and company-wide 
requirements and were rarely integrated (Erasala et al. 2003). 
Disparate IT systems and lack of integration and collabo-
ration make it impossible for many corporations to support 
the required responsiveness and capability demanded by 
customers (Puckridge & Woolsey 2003). Although the more 
recently introduced E-markets and E-hubs also aim to 
support inter-organizational coordination, their success has 
been limited. They mainly provide the platform of 
connectivity, information exchange and support for trading 
between companies in a network.  

Legacy system:  

The problem of integrating with legacy systems was viewed 
as one of the major challenge and inhibitors to new IT 
development (Erasala et al. 2003). Legacy systems evolved 
as functional solutions using mainframe or minicomputers. 
In the past, mainframe-based legacy systems were applied to 
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support transactional processes within one specific function 
such as order entry, inventory control and accounting. These 
transactional processing systems were isolated and 
implemented with incompatible hardware and software. 
These system lacked integration across functional areas even 
within a single company (Yuan et al. 2001). Nowadays, in 
spite of extensive investment in state of the art application 
software, many firms are still dependent on legacy systems 
for mission-critical applications. (Erasala et al. 2003) 

ERP:  

The ERP system facilitates the flow of transactional data in a 
company relating to manufacturing, logistics, finance, sales 
and human resources. It mainly focuses on providing the 
visibility of information within the enterprise and the 
automation of business processes. It offers the promise of 
homogeneous, transactional data that can facilitate 
integration of functional areas within the enterprise at the 
operational level (Taylor 2004, Simchi-Levi et al. 2003). The 
ERP mainly focuses on collecting, organizing, accessing, 
and sharing the information within the enterprises, rather 
than focusing on analyzing data and information to make 
decision. Although some ERP vendors have begun to 
address this issue and add more planning modules, it 
remains focusing on scheduling individual production 
facilities and not the entire networks of facilities operating in 
collaboration. The ERP offers two main benefits that do not 
exist in non- integrated departmental systems: an enterprise-
wide view of business encompasses all functions and 
departments; and an enterprise-wide database, in which all 
business transactions are recorded, processed, accessed, 
monitored and reported (Umble et al. 2003). Due to the fact 
that the information processes across functional areas within 
the enterprise are now integrated, it provides a much better 
base for inter-enterprise cooperation. However, since the 
major focuses of ERP are limited to intra-enterprise 
operation, these systems lack support for inter-enterprise 
collaboration in the SCM (Yuan et al. 2001). 

APS:  

Faster and easier access to transactional data does not 
automatically leads to better decision-making and 
competitive edge in the SCM (Shaprio, 2001). The APS 
system, such as production planning and scheduling, 
forecasting, master planning and supply chain network 
optimization systems, is a class of software for Decision 
Support System (DSS) in supply chains. It provides 
analytical applications to optimize the use of supply, 
manufacturing, distribution, and transportation resources to 
match the demand (Bansal 2003). It is developed and 
applied for evaluating and disseminating decision based on 
models constructed from supply chain decision databases 
(Shaprio 2001). APS are based on the principles of 
hierarchical planning and make extensive use of solution 
approaches known as mathematical programming to find the 
optimal solution for a given set of objectives. These 
objectives can include minimizing cost, meeting customer-

service targets, accelerating the flow of inventory, or any 
other combination of performance targets. It can be used to 
tackle strategic, tactical and day-to-day operational problems 
(Simch-Levi et al. 2003). Although APS system has been a 
powerful tool for effective supply chain planning, today it 
faces a main challenge from supply chain collaboration and 
decentralization. Due to the centralistic view of supply chain 
decision database and hierarchical planning underling 
today’s APS, it might be suitable in an intra-organizational 
SC or a focal inter-organizational SC but not in such a 
complex supply chain network (Chan, F.T.S. & Chan, H.K. 
2005). Developing an integrated supply chain planning 
information system based on current methods may requires 
that all systems to be re-developed into a monolithic 
integrated system capable of handling all foreseeable 
scenarios for planning and execution (Chan, F.T.S. & Chan, 
H.K. 2005). However, this is regarded as not feasible due to 
the high development and maintenance cost, not to mention 
the inflexibility of such a system. Furthermore, if partners 
are reluctant to share their data and to feed it into a central 
supply chain data-base while insisting on their own planning 
domain, modeling SC-wide flows by a single APS is no 
longer possible.  

E-commerce:  

E-commerce is promoted by the rapid growth of Internet and 
web technology, which has provided a great potential for 
networking and interaction between business and consumer 
(B2C) and between business partners (B2B). It encompasses 
the electronic buying and selling transactions between 
organizations, named as E-procurement (Neef 2001, 
Swaminathan & Tayur 2003). It can be applied to set up E-
marketplaces and E-hubs for online biding and auctions for 
business competition (Neef 2001, Emiliani 2000, 
Swaminathan & Tayur 2003). Moreover, E-commerce offers 
not only the solutions required for inter-company 
transactions but also the standards that will facilitate 
connection and communication among corporations (Berger 
2003). However, in spite of the fact that E-commerce has 
improved the supply chain visibility through information 
sharing and the coordination between buyers and sellers 
through the Internet, the new technology is still needed to 
support for high-level knowledge sharing (not just 
transaction data) and facilitate more robust collaboration 
(not just simple buy and sell models) (Yuan, et al., 2001). 

In summary it is clear that inter-organizational 
coordination and collaboration were not sufficiently 
achieved by traditional information systems. The successful 
supply chain collaboration requires more effective 
information technology supports. Recently, intelligent agent 
technology and multi-agent systems have shown great 
promise in supporting collaboration in supply chain 
management, particularly in supporting transparency in 
information flows and modeling of the dynamic supply 
chain for collaborative supply chain planning (Iskanius et al. 
2004, Xue et al. 2005). In addition, intelligent agent 
technology offers the potential to overcome many limitations 
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of current supply chain technologies and offers new means 
and tools for supply chain collaboration (Gutpa et al. 2001, 
Frey et al. 2003). 

 
IV.   Supporting Supply Chain Coll-Aboration  

by Using Agent Techno-Logy 
 
There is no universally accepted definition of the term of 
agent. According to Wooldridge and Jennings (1995), an 
agent is a self-contained software program capable of 
controlling its own decision making and acting based on its 
perception of its environment, in order to gain one or more 
goals. The agent has the following main behaviour attributes 
autonomous, cooperative (social), reactive, proactive, and 
learning (Wooldridge & Jennings, 1995). Being autonomous 
means that agent can act without intervention by other 
entities (humans or computer systems), and exercising 
control over one’s own action/algorithms. Agents can 
interact with other agents (or possibly humans) via some 
kind of agent communication language (social). To be 
reactive means that agents can perceive the environment 
around itself and are able to respond in a timely fashion to 
changes in the environment (reactive). In addition, agents do 
not simply act in response to the environment but are parts 
of a more complex goal-oriented behaviour (proactive). Also, 
agents can change their behaviour based on their previous 
experience (learning). 

A multi-agent system is one that consists of a number of 
agents that take specific roles and interact with one-another 
to solve problems that are beyond the capabilities or 
knowledge of any individual agent (Wooldridge 2002). 
These interactions can vary from simple information 
interchanges, to request for particular actions, and on to 
cooperation, coordination and negotiation in order to 
manage interdependent activities (Jennings 2000). The 
interaction and coordination are the core process of a multi-
agent system (Lee et al, 2004). According to Jennings & 
Wooldridge  (2002), agent technology and multi-agent 
system can be usedto develop highly complex systems. 
Paranak et al. (1998, P.24) claimed, “…agent-based 
modelling is most appropriate for domains characterized by 
a high degree of localization and distribution and dominated 
by discrete decision…” Supply chain system is a large-scale 
complex system. Decentralisation, collaboration and 
intelligence are its essential characteristics. The greater 
details of the similarities of the nature of these two systems 
are shown as follows: 

Firstly, individual agent has incomplete information, 
knowledge or capabilities to solve the problem and thus has 
a limited viewpoint. Data, information and knowledge are in 
distributed agents (Jennings, et al. 1998). In addition, 
different agents also have the different core functionalities 
that play the different roles in the multi-agent systems. MAS 
can solve problems that are beyond the capabilities or 
knowledge of any individual agent (Wooldridge 2002). The 
supply chain network has the same characteristic. A supply 

chain consists of multiple autonomous participants that play 
the specific roles along the supply chain (Chopra & Meindl 
2004). Each supply chain participant has its own resource, 
expertise, capabilities and capacities. It performs certain 
tasks and roles in making the products that conform to 
customer requirements (Simchi-Levi 2003). Different supply 
chain participants have different core competency. An 
individual supply chain participant cannot solve all the tasks 
in the supply chain. 

Secondly, there is no system global control in a multi-
agent system. A multi-agent system consists of different 
autonomous agents can play different roles and functions in 
the system (Jennings & Wooldridge 2002). Each agent 
responds on its own to monitor changing environment, 
proactive to take self-initiated action, and behave socially to 
interact and communicate with other agents. In most cases 
there is no single authority in the supply chain. Usually, the 
different functions belong to different companies in a supply 
chain. A single company cannot govern or control the whole 
supply chain performance. The supply chain participants are 
autonomous or semi-autonomous. They have the authority to 
implement different supply chain strategies and take certain 
action in response to the changing markets. 

The third similar characteristic is collaboration and 
coordination. In fact coordination is the core process of the 
multi-agent system (Lee et al. 2004). In a multi-agent system, 
each agent attempts to maximize its own utility while 
cooperating with other agents through negation and 
cooperation to achieve their overall goal (Jennings 2000). In 
a supply chain, different supply chain participants may have 
different and conflicting objectives (Chopra & Meindl 2004, 
Simchi-Levi et al. 2003). To optimize performance and 
achieve the whole system optimization, the supply chain 
participants must work in a coordinated and collaborative 
manner (Lau et al. 2004). In the collaborative supply chain, 
decision-making is through multi-party negotiation and 
coordination in order to minimize the total cost and 
maximize the total supply chain profitability while meeting 
the customers’ needs.  

Finally, the structure of the multi-agent system is re-
configurable. It supports handling of dynamics and is 
capable of making a quick response to the changing 
environment (Persson & Davidsson 2005). Multi-agent 
system is flexible. Agents in the multi-agent system can be 
organized according to different control and connection 
structure and agents can be created or discarded. In addition 
agents can delegate its task to other agents and coordinate 
other agents to form a higher-level system (Jennings 2001). 
The supply chain is a dynamic system and the relationship 
among different participates can evolve over time (Simchi-
Levi et al. 2003). The supply chain participants may join or 
quit the supply chain. Therefore, the structure of the supply 
chain is flexible and is responsive to the changing 
environment. The structure of the supply chain can be 
organized differently when implementing different strategies 
according to different environment and business goals. Also, 
tasks in supply chain can be decomposed into subtasks, or 



A MULTI-AGENT APPROACH TOWARDS COLLABORATIVE SUPPLY CHAIN MANAGEMENT                                                                      933 

multiple tasks can be composed to form a large task.  
Therefore, it can be seen that supply chain systems has 

many similarities with the characteristics of Multi-agent 
system. Thus it is reasonable to apply the multi-agent system 
to model the supply chain network and process, and to 
implement supply chain management applications. In fact, 
multi-agent systems involving multiple agents with 
distributed knowledge and information are well suited for 
analysing coordination problems in supply chain 
management (Bond & Gasser 1988). 

 
V. Framework for Agent-Base-D Collab- 

orative Supply Chain Management System 
 
In this section, we will present a framework of agent-based 
supply chain coordination and collaboration. The supply 
chain coordination and collaboration is analyzed in the 
context of a typical multi-national corporation scenario. The 
proposed framework focuses on the coordination of 
manufacturing and distribution functions. The scenario 
consists of several manufacturers, distributors, suppliers and 
logistics service providers (see Figure 2).  
 
 Retailer 

Supplier Distributor Manufacturer 

 
Figure 2: Supply chain network 

 
   In the framework of a multi-agent based collaborative  
supply chain management system, there are several agents 
involved: function agent, coordination agents, communica-
tion agent, and monitoring agent (Showed in figure 3). Coor-
dination agents, communication agent and monitoring agent 
are designed to accomplish the manufacturing and distribut-
ing tasks in the multi-national enterprise together with exist-
ing pla-nning and execution software (function agent). We 
will discuss the roles and functions of each of these agents in 
the proposed supply chain coordination system.  

1) Function agent: Function agent is a set of existing 
and separate application software that are used by the 
distributors, manufacturers as well as by the logistics service 
providers. These application software are utilized in 
different part of planning, scheduling, and execution 
processes such as capacity analysis software, ERP, 
manufacturing execution system forecast software and so on.  

2) Coordination agent: Coordination agent is designed 
with specified expertise, knowledge and coordination 
mechanism to coordinate the activities among agents in 
order to minimize enterprise-wide cost or maximize 
profitability of the whole supply chain system. Coordination 
agent may link to the communication agent, monitoring 
agent and function agent to get the necessary information. 

The coordination agent is further classified into distribution 
coordination agent, manufacturer coordination agent and 
transporter coordination agent (showed in figure 4). 
 

 
Figure 4: Agent-based supply chain coordination 

a) Distribution coordination agent: Distribution co-
ordination agent aggregates data and information from the 
distributors in different areas and perform distribution 
requirements computation. Then the distribution requirement 
plan can be established. It consists of four parameters, 
namely type, quantity, price and due date. The “type” 
parameter is the various kinds of products for manufacturing 
and transportation. The “price” parameter is the summation  
of all the prices of various products ordered by retailers. The 
“due date” parameter refers to the final date when the 
different distributors can receive the products and the 
“quantity” parameter is the desired quantity of each type of 
products. In addition, the distribution coordination agent can 
determine which “type” of products can be produced by the 
specific manufacturer, or by several manufacturers 
according to historical data and knowledge. Then, the 
distribution coordination agent transfers the “due date” of 
the “type” of the products into total “lead time” (“lead time” 
for manufacturers and “lead time” for transporters). 
Furthermore, the distribution coordination agent will 
coordinate with the transporters agent and the manufacturers 
to reach a feasible and optimized global supply chain 
solution. Figure 5 shows the functions of the distribution 
coordination agent. 

 
Figure 5: Distribution coordination agent 

b) Transporter coordination agent: Transporters offer 
pickup and delivery service from different manufacturers to 
destination terminals or distributors. The operation decisions 
facing a transporter agent are: to select the right mode or 
modes of transportation based on costs and lead-time and to 
consolidate consignment for economic of scale. The 
transporter agent receives the transportation requirement and 
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performs local optimization using its data on routes, 
schedule and consignment to conduct candidate 
transportation commitments.  

c) Manufacturer coordination agent: The 
manufacturer agent receives manufacturing requirements 
from the distribution coordination agent and performs local 
optimization to find feasible manufacturing solutions 
(specified with type, quantity, lead time and price) based on 
capacity, inventory, suppliers’ capacity and process time. It 
provides solutions to the distribution coordination agent for 
selection. The main function of the manufacturer agent is to 
produce the required type and quantity within the required 
lead-time with minimized cost. The minimizing of the total 
cost is subject to a set of constraints, such as quantity 
constraints, capacity constraints, suppliers’ capacity, 
customer service level, lead-time, and etc. 

3) Communication agent: Cooperation and 
coordination of agents in a multi-agent system requires 
agents to be able to understand each other and to 
communicate with each other effectively. Communication 
agent can enable the monitoring agent, function agent and 
coordination agent to communicate with each other. The 
infrastructure that supports agent cooperation in a multi-
agent system includes the following key components: a 
common agent communication language (ACL) and protocol, 
a common format for content of communication, and a 
shared ontology. 

4) Monitoring agent: As a monitoring agent, it receives 
from other agents (such as the function agent) the 
monitoring criteria for disturbance events concerning 
processing rates and notifies the coordination agents when 
such events occur. The function and process of the 

monitoring agent is shown in Figure 3. The coordination 
agents decide what constitutes an exception (stochastic 
event). The coordination agent evaluates how much the 
occurrence of one stochastic event in the specific supply 
chain process will influence the other supply chain processes 
and the whole supply chain process. Then the coordination 
agent will identify the monitoring specification of the 
stochastic events in the different supply chain process. 
Different plan execution may have different monitoring 
specification.  The monitoring agent determines what data 
is to be monitored to detect such exceptions according to the 
monitoring specification identified by the coordination agent 
and conducts actual monitoring of the data and information 
flow. When notified by the monitoring agent of the 
occurrence of the stochastic event (an exception), the 
coordination agent analyzes the severity of the events, 
coordinate with other agents to reschedule, reallocate and 
makes appropriate decision in consultation with the function 
agent. Human decision-maker may be involved during the 
decision-making process. 
 
VI.  Conclusons 
 
In this paper we have discussed the similarity between 
supply chain and multi-agent system, and the underlying 
reasons why agent technology is the appropriate approach 
for the collaborative supply chain management. Also, a 
framework of multi-agent system that is capable of 
supporting collaborative supply chain management is 
presented. With this approach, a set of agents with 
specialized expertise has been designed. The communication 

 
Figure 3: Framework of a multi-agent based supply chain coordination system 
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agents, which facilitate the communication among agents, 
can select necessary information and share the information 
in the Multi-agent system. In this way, it can facilitate the 
information sharing among the supply chain participants and 
improving the visibility of the supply chain network. The 
proposed framework wrap the current exist systems such as 
legacy, ERP, and APS, etc into the function agents and 
connect these function agents with coordination agents 
through certain coordination mechanism to reach the system 
optimization. In addition, in the proposed framework, the 
monitoring agents monitor the real-time supply chain 
performance and inform related agents and decision makers 
when an emergence event occurs, then the related agents and 
the coordination agents will work together to amend the plan 
and inform the decision maker or automatically execute it. 
The paper presented here represents only the first step of our 
effort toward agent-based collaborative supply chain 
planning and execution. Further research and experiments 
are needed to extend the current work to address its 
shortcomings and design the completed model based on 
proposed framework and a detailed supply chain scenario. 
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