


formulating strategies based on various conditions, and
publishing processes information of products to
managers. A multi-agents prototype system for logistics
processes is developed through the conduct of a
concept-proof project and use of a toolkit called ZEUS
which is an integrated environment for the rapid
development of collaborative agent application.

2. Logistics Service Process

The typical logistics processes include request for
customer services, material supply, product storage,
product shipping, information tracking, and recycling
for used product. Compared with the supply chain
business process, logistics business process has fewer
and more stable customers. Obviously, integrated
services are the core competition ability of a logistics
business. It can help its customers to optimize their
logistics management strategies, build up and operate
their logistics systems and even manage their whole
distribution systems [2]. By providing integrated
logistics services to various customers, logistics
providers could respond their customers quickly and
deli ever service or product timely and cost effectively.
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Figure 1: View of Integrated Logistics Processes.

We propose that an integrated logistics processes
system involving multiple agents can autonomously
perform tasks through exchanging information across
enterprises. As shown in Figure 1, logistics interacts
with the business process manager in a multi-agents
server. Building an integrated logistics system tends to
involve the acquisition and integration of many

components from different participants, for simplicity,
we assume there are 6 participants in this investigation.

The first participant performed task is called
request for logistics services (RFLS). The second
participant is material supplier (MS), which supplies all
the materials needed. We call this task SupplyMaterials.
The third participant is product storage provider, called
PS. It supplies warehouse to customer through a task
called ProvideStorage. The mnext participant is a
transporter, a representative of shipping. It ships
products to customers. This task is called Shipping. The
fifth participant is R, the recycler of used products.
Recycling includes recycling wastes, disassembly,
remanufacturing, reusing, and final disposal. It did not
possesses initial resources. The final participant is
tracking. It monitors analyzes activities information
related to the logistics processes.

In this simplified integrated logistics system, each
participant (i.e. supplier, warehouse, and recycler, etc.)
will be represented by a software agent. Agents have to
be designed as such that they can be configured to be
used to simulate and control all the coordinative
activities among participants.

3. Multi-agent System Design

3.1. Role Modeling in Integrated Logistics Service
Processes

As indicated in Fig.1, it will be very challenging to
ensure that the production and transfer of resources
meet the on demand need while managing and
monitoring activities throughout the logistics processes
lifecycle. By using trade-off relationships between the
logistics flow and corresponding information flow, we
manage to coordinate activities among all the logistics
chain participants in an integrated fashion in order to
achieve the common business goals. We utilize the role
modeling to address the needs. The role models in this
investigation are grouped based on their business
domains.

In this work, several agents based on the role model
to fulfill the needed roles can be defined (Table 1). Here
describes a typical working scenario.
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Figure 2: A framework of Multi-agents Integrated Logistics Process System.

Table 1. Agent roles in integrated logistics processes.

Agent Name Roles Played
As a participant role to negotiate with
t
Inventory agent (TA) partners, customer and recycler
Shipping agent (SA) As a participant to negotiate with

Other partners

Material supply

As a participant role to negotiate between

agent (MSA) Raw material supplier and manufacturers
Logistics service As a core-business to respond logistics
agent (LSA) processes specification.
Recycle agent (RA) As a participant role to negotiate
among partners.
Tracking agent (TA) As a participant role to track and
828 Monitor information
ANS agent As an agent name server

As facilities to determine the agent’s
acquaintances and abilities

All task agents (i.e., IA, SA, MSA, LSA, RA, and
TA) advertise their abilities, knowledge in the
acquaintance database. They use facilitator agent to
identify agents with the required abilities and
knowledge. They also use an ANS agent to determine
the addresses of the identified agents. It is mandatory to
have an agent in the Agent Name Server to ensure the
realization of agent location independence in this
framework. Note that ZEUS [6-9] is an agent
development toolkit developed by British Telecom for
building agent-based applications. We use ZEUS as the

Facilitator agent

I Planner and Scheduler ]

Database Knowledegbase

development tool to define and develop agents, their
interactions and living environment.

3.2. ZEUS Tool

The ZEUS tool-kit is an integrated environment for the
rapid development of collaborative agent application.
ZEUS consists of a host of editors which an agent
developer uses to specify the information required to
define a ZEUS agent. The editors mainly include the
following [6]:

An Ontology Editor: for defining the ontology of the

domain.
A Task Description Editor: a visual editor for
describing primitive tasks that the agent can perform.

An Agent Definition Editor: for describing agents
logically, their abilities and initial resources.

An Organization Editor: a visual tool for defining
the organizational relationships between agents.

A Coordination Editor: for allowing the user select
coordination protocols s/he wants to imbue an agent
with or for describing new ones.

Above editors facilitate the identification and
description of a set of agents, selecting
functionality and inputting task and domain related data.

agent

3.3. Agent-based Framework

According to ZEUS agent architecture [3], we designed
an agent-based framework for integrated logistics



processes (see Fig.2) to provide an appropriate
syntheses and effective coordination mechanism by
taking into consideration the agent roles and system
characteristics. In this framework, when agent needs to
perform a complex task, it is required to collaborate
with other agents. To do so, it uses the Facilitator to
discover the agents with the required abilities, and the
Agent Name Server to determine the addresses of these
agents. A common ontology is also required for a
shared representation and understanding of common
domain concepts. An acquaintance describes the agent’s
relationships with other agents in the society, and its
beliefs about the capabilities of different agents.

The communication between agents is realized
using message mechanisms. A message from another
agent is received by the agent’s Mailbox, which passes
the message to the Message Handler for processing.
Then, the message is forwarded to the coordination
engine to determine whether to achieve the goal and if
so, to devise and coordinate an appropriate plan of
action. The Planner creates a plan for the goal, utilizing

and reserving the resources that are required by the plan.

The monitoring agent starts, stops, and monitors system
scheduled activities. It also informs the coordination
engine of success or exceptional termination conditions
of the tasks it is monitoring.

4. Implementation of Multi-agent Logistics
Process System

4.1. Ontology Definition

Ontology is used to provide a hierarchically structured
set of causes and effects for understanding a domain,
which is an effective means to explicitly describe
knowledge in a knowledge base. Ontology is meant as a
collection of names of resource types, their attributes,
and functions. It includes a vocabulary for referring to a
subject area, and a set of logical statements expressing
the constraints existing in the domain and restricting the
interpretation of the vocabulary.

Before implementing any agents the developer
should define the application ontology. In ZEUS, an
individual domain concept is described by using the
term “fact”. A Fact represents something that an agent
believes to be true, either about itself or its external
environment. The type of a Fact determines whether it
is consumed by a precondition of a Task, or merely
referred to. ZEUS provides two kinds of fact: abstract

and entity. Here, all the concepts refer to the entity. By
ZEUS ontology definition, the designed agents have a
complete knowledge of the entire ontology.

4.2. Agent creation

We use ZEUS Agent Generator to creating a new agent.
This stage consists of four sub-processes that are agent
definition, task definition agent organization, and agent
coordination, which are repeated for each different task
agent in the application.

4.2.1 Agent definition

Agent definition describes the agent’s abilities and
knowledge (which will change with time, as the agent
discovers more about its environment). We need fo
specify the attributes of each agent, i.e., its social and
domain responsibilities — what tasks it can perform, the
initial resources of the agents, and the agent planning
abilities. ZEUS provides a form-based interface for
modeling the ZEUS agents. All the details such as task-
name, fact type, attributes and its values can be entered.

4.2.2 Task definition

Agent tasks consume resources to produce their
products, with each task lasting for a finite time period.
This phase defines tasks in terms of their costs,
constraints, demand prerequisites, preconditions, etc.

Constraints are special requirements which build a link
between a task’s pre- and post-conditions. Preconditions
may be based on knowledge in the form of facts
retrieved from a database. For example, in ZEUS,
requesting logistics service specification fact can enter a
precondition of logistics service task. Then, a variable
that will refer to a specific service instance used when
this task is invoked has been created. Next the
constraints relevant to this service consumption are
entered. In this application we assume that per service
contains inventory and shipping time that will impact
and restrict the type of SKU and its customer service
level. The number of items present after task execution
must equal the number available before task execution

4.2.3 Agent Organization

Agent organization illustrates the relationship between
the own agent and other agents and acquaintance
abilities from other agents [7]. An agent can be ordered
by another agent to perform some task, or can



collaborate with others to achieve common goals. An
agent may be known a priority to other potential
collaborators, or may be discovered on an ‘as needed’
basis via a directory service. Through organization of
agents, the relations between agents can be clearly
illustrated.

* Logistics services agent organization

Specify that [A, SA, MSA RA and TA are its
acquaintances, with a relationship of subordinate.
Materials supply, inventory, shipping and used-product
are their abilities, respectively. By information provided
by those tracking agents, the LSA can know what
logistics service can be supplied by 1A, SA, MSA, and
RA. And what used-products can be recycled by RA.

* Recycle agent organization

For the sake of brevity we assume that the recycle
agent has two acquaintances, MSA and IA, which
provide their relevant information to recycle agent.
Each acquaintance should be specified by its agent’s
capabilities. In an integrated system, LSA’s ability is
service. RA’s ability is used-products. By providing this
information, the RA knows what service the LSA, IA,
SA can perform. It can also know the type and number
of used-products by RA. Without that information the
Recycle agent would have to discover these capabilities
through a Facilitator agent.

4.2.4 Agent Coordination

Agent coordination includes the interaction protocols
and negotiation strategies between agents. The
interaction protocol is an agent conversation model that
describes when an agent is expected to communicate,
what messages will be exchanged, and the effect of
receiving particular messages. Negotiation strategies are
to explain why agents interact. This arises from each
agent's intentions and motivations, which are encoded
into interaction strategies [7, 8]. The applicability of
these strategies is dependent on the status and role of
the agent.

Take for an example, when an LSA wants to
perform some specification, it needs to negotiate with
MSA regarding different attributes of solutions, such as
lead time, cost, quality, and number based on the overall
utility. It begins in the Initialization state and formulates
a message containing its requirements, then broadcasts
to all potentially interested MSA, and then the agent
moves into the Negotiation state to wait for responses.

If an MSA decides to reply it will move into its
Negotiation state and use its strategy to formulate a
proposal message to send back to the LSA. Then, the
MSA waits for a response. When the MSA receives a
proposal it analyzes this proposal using its own strategy
to evaluate whether the proposal is acceptable or not.
Accordingly, it takes a corresponding action, either
ending the conversation or sending a new message to
the LSA.

Whereas for RA, the coordination is characterized
by asymmetrical possession of information; i.e. some
entities (e.g., MSA, IA, etc.) will possess information
related to the waste or used products that recycling
agent does not. As a result, the agents must
communicate to share information necessary to their
continual operations. In one case, the MSA or IA can be
regarded as a publisher to maintain some repository of
information, and the recycling agent can be regarded as
a subscriber to require the information owned by those
agents. The interaction between the publisher and the
subscriber involves registration and asking and response
to queries. Through this interaction, the recycle agent
can timely acquire relevant information and take a
recycle action.

In another case, as a monitor role, on one hand, the
recycle agent can know the material components of
products and analyze their resource efficiency according
to the product information that comes from MSA; on
the other hand, in terms of environment data of product
and production process, the recycling agent can know
environment impact degree. By comparing the relevant
regulator and policy of environment, the recycle agent
simulates the decision-making process to negotiate with
a LSA using its own evaluation strategy, and present its
proposal message to logistics service agent and decision
makers.

4.3. Service Agent Configuration

In this paper, service agents include ANS and facilitator
agent. The configuration of service agents decides what
service agents will be created, and how they will be
configured. Usually, an agent society must possess at
least one Agent Name Server (ANS). The ANS
maintains a registry of known agents, enabling them to
map agent identities to a logical network location. In
ZEUS, the developer can design an Agent Name Server
through a well-developed graphical user interface (GUI).
The GUI displays the information on the server's



activity, and also provides some control functions. A
facilitator typically first retrieves a list of known agents
from an ANS; secondly send a message to each of the
agents by asking them to reply with details of the
abilities they are currently able to perform. If all agent
acquaintances and abilities have been determined at
design-time and will not change, a facilitator agent
might not be needed. However, this situation is unlikely,
so most applications will possess at least one facilitator,
which can be created and configured using the
'Facilitators' panel in ZEUS [7-9].

4.4, Task Agent Configuration

This stage enables the runtime parameters of the
specified task agents. This involves supplying
information such as the host machines the agents will
run on, and the external resources and programs to
which the agents will be linked [9]. In ZEUS, this
process is performed as follows:

First, the DNS file should be configured. Let the
DNS file field contain the same contents as the Name
Server's Address File field.

Secondly, link an agent to an external resource. A
task agent can obtain the resources it needs to perform
its tasks from one of three sources: from its resource
database, from other agents, or from an external data
source. The latter can be connected to the task agent
through a Java class. For instance, a manufacture agent
requires a means of capturing the demand that will
initiate the material flow; this should be implemented in
a separate class and identified in the External Program.

Thirdly, link an agent to an external program. A
task agent can be linked to external programs that
enable it to send or receive information from the outside
world. This external program will typically be a user
interface from which instructions are received and to
which the agent sends results. In ZEUS, external
program is linked by a java class (i.e., an executing
agent program). Thus, external program can utilize the
agent’s public methods to query or modify the agent’s
internal state. In our ILM system, each task agent can be
linked to an external program. Each external program
provides a GUI, by which the users can input their
decision information as integrated logistics process
system operates.

4.5. Agent Implementation

Once the task and service agents have been
appropriately configured, the agent source code should
be generated. All external actions, of which tasks or
database accesses are the best examples, are created by
the ZEUS tool-kit in the form of callback functions.

5. Conclusion

Integrated logistics process is an emerging paradigm
with supply chain management philosophy. Its support
system can be developed by new information
technology. One of the supports for designing thus
system is agent technology. Intelligent agents seem to
be an appropriate approach for modeling distributed
behavior to coordinate and integrate logistics processes
throughout the logistic supply chain. This paper
presents the concept and the framework of an integrated
logistics process system for logistics service
collaboration or collaborative intelligent business in
general. It is able to integrate both the forward and
reverse logistics and enable appropriate coordination
using the multi-agents technology. A prototype system
presented in this paper to show how such a multi-agents
system can be implemented using the ZEUS toolkit tool,
and supports sophisticated dynamic and automatic
services collaboration for logistics process service.
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