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Abstract

E-commerce is any method of using electronic communications and computer technology to conduct business. Agent based technology is a rapidly developed area of research. Incorporating agent technology into e-commerce systems has brought even more potential to the improvement of efficiency and effectiveness of business systems. 
    This paper presents a brief introduction of agent-based e-commerce. First of all we will introduce multiagent environment termed MAPE which provides powerful tools to create scalable, flexible agents with satisfied function. Then we discuss the key issues of e-commerce containing information collection, negotiation support. Finally Agent-based E-Commerce Platform will be described.
1. Introduction
E-commerce is any method of using electronic communications and computer technology to conduct business, so that trading partners can share a wide range of communiqué and data. It has opened up a new dimension for conducting business. 
At present, the most common form of e-commerce is B2C or business to consumer e-commerce.  These systems are essentially electronic shopfronts to allow businesses to sell goods and services to consumers via the Internet.  In order to increase the number of people visiting an on-line shop, merchants will pay large amounts of money to be linked to a portal such as Yahoo!, HotMail, AOL or NetCentre which people use to search for “stuff” on the Internet.B2B or business to business systems are designed for businesses to collaborate or sell goods and services to each other.  An example a collaborative system is the Australiawide Loading Information Service that allows freight forwarders to find empty trucks and make better use of the road transport system.G2B and G2C systems involve the government providing services to business and consumers.  These services may range from the on-line provision of information through to electronic lodgement of forms or tax returns.
Agent based technology is a rapidly developed area of research. When the scopes expand, there is also an increased need for agents to support the processes. Incorporating agent technology into e-commerce systems has brought even more potential to the improvement of efficiency and effectiveness of business systems. 
    Agent is an atomic software entity operating through autonomous actions on behalf of the user without intervention. The growth of the Internet has led to an information overload. Agents are required to filter and sort out this information into manageable volumes. Agents can be used to automate several of the repetitive, time consuming and mundane tasks. This would reduce costs and increase productivity. Through agent technology we can construct expert system to solve the problem in specific areas where expertise is costly or rare. Agents can provide increased support to the knowledge workers in the sphere of decision making.
    So far, people have done much work on multi-agent and intelligent agent [11]. There are many platforms for multi-agent system and intelligent agent. We construct a Multi-agent environment MAGE that is a common software platform for agent. What MAGE provides includes a general running framework for agents，an agent description language(ADL)，an agent communication language (ACL)，an agent server and a set of CASE tools [12]. The MAGE is written in Java and is a powerful tool to construct multi-agent systems for Internet applications. 

In order to collect and filter information from Web we have developed  the Web spider by using agent [3]. There are two kinds of agent, facilitator and Web spiders. All of them are implemented by thread. While spiders do parallel work at a time, so it need to start many spider threads. Each spider does its work solely in a thread. They communicate with each other by ACL. All Web contents will be organized as a concept space in terms of semantics.

Negotiation is a common social activity of human beings in commercial transactions especially. In most of current e-commerce websites, there is no any support to negotiation. Some others provide relatively simple negotiation support. As negotiation is the key stage in commercial transactions, providing intelligent support is now an active research in agent-based e-commerce. It will make the EC more powerful, interesting, flexible, and personalized.
 According to agent function Mougayar classifies agent-based e-commerce into 4 classes [7]. We add two more classes, that is, negotiation support and collaborative commerce. Here gives you the whole list:   

1. Automated-pull. Automated-pull focuses on helping users find precise information, based on ad-hoc or pre-defined needs. Often, the interface is through a browser. Examples: Canopy (Junglee), Jango (Netbot), Agentware (Autonomy), IDML (Identify), EchoSearch (Iconovex).
2. Web automation. Web automation treats the Web as an inventory of applications and automates the process of integrating a software application with the Web for a specific purpose that needs to be later replicated. Examples: LiveAgent Pro (AgentSoft), CenterStage (OnDisplay), Web Automation Suite (webMethods). 

3. Interactive personalized catalogs. These agents integrate heterogeneous sources of information from different information catalogs and present a real-time personalized view of a new marketplace to users. Examples: Infomaster (Epistemics), Unifind (Tesserae), CatalogExpert (Agentics). 
4. Information filtering. These agents focus on personalizing user preferences based on a pre-determined profile that adheres to the Open Profiling Standard (OPS), a new privacy standard. They are usually integrated transparently within a Web site. Examples: Passport Office (Firefly), Learn Sesame (Open Sesame), GroupLens (Net Perceptions).
5. Negotiation support: These agents can go negotiation process behalf of users. Examples: Kasbah(MIT), Bargain Finder(Buysell), Virtual Market(ICT).
6. Collaborative commerce: Allow members of cyber communities to share intellectual capital and leverage the core competencies of their trading partners. It's a powerful combination that promises to deliver significant increases in corporate innovation, productivity and profitability. 
Section 2 will present a brief introduction of Multiagent developing environment MAGE. Web spider will be discussed in Section 3. Section 4 presents Webspace in terms of concept space. Section 5 focuses on negotiation model. Agent-based E-commerce Platform will be introduced in Section 6. Finally the trends of agent-based e-commerce will be prospected. 

2. A Framework for E-Commerce

E-commerce framework is an established way to analyze the issues related to E-commerce and to develop a complicated E-commerce system. This is a hierarchical structure comprised of several levels, with the lower levels providing functional support to the higher levels. 

This is illustrated below. 
  

	Level
	Functions 
	Examples

	
	Products and  Structures
	

	7
	Electronic marketplaces
	auctions,brokerages,dealerships,supplychains

	6
	Products and Systems
	on-line marketing, supplier-consumer linkages

	
	Services
	

	5
	Enabling Services
	smart agents, e-money, traffic auditing, digital libraries

	4
	Secure Messaging
	EDI, E-mail

	
	Infrastructure
	

	3
	Object management
	WWW with Java

	2
	Communication Utilities
	Internet, VANs

	1
	WAN
	Guided and wireless media networks


The three meta-levels are: 

· Technological Intfrastructure: This involves the sotware, hardware and telecommunication facilities that provide the backbone for all sorts of electronic transactions. 

· Services: This involves such services as messaging, finding information and delivering information, negotiations, transactions and settlements. 

· Products and Structures: This level is responsible for the direct provision of commercial services to consumers and business partners, interorganisation information sharing and collaboration, and organization of electronic markets and supply chains. 

Most of the present work being done in this field is targeted at building services on the top of the existing technological infrastructure and then later combining these services to provide electronic market structures where a person can find a large number of goods supplied by different merchants
Trading Roles

Trading Roles are the parts played by an organization involved in an IOTP transaction during a particular message transfer. The same organization can take different trading roles at different times of transactions. 

The various Trading Roles identified by IOTP are: 

1. Consumer receives goods and services and pays for them. 

2. Merchant publishes his goods and negotiates with the consumer to sell his goods. 

3. Payment Handler physically receives the payment from th Consumer on behalf of the Merchant. 

4. Delivery handler physically delivers the goods on behalf of the Merchant. 

5. Merchant Customer Care Provider negotiates and resolves disputes between a Merchant and a Customer. 

6. Payment Customer Care Provider resolves the problems with a particular payment instrument. 

A typical transaction process in this system consists of eleven steps. They are : 

1. Customer searches electronic catalogues 

2. Customer registers at supplier's side 

3. Checking and confirming authentication 

4. Customer selects services and sends order 

5. Supplier checks for availability of services and confirms order 

6. Customer confirms order 

7. Supplier sends encrypted data 

8. Customer confirms receipt of encrypted data 

9. Supplier charges customer's account and sends key for data decryption 

10. Customer decrypts data and confirms receipt 

11. Supplier sends purchase information 

3. Negotiation Protocol

Bargaining and negotiation are fundamental activities and play a critical role in any economic system. Negotiation model should determine the best group decision given following assumptions:

( outcome

( process

( individual preferences

( group preferences

The study of bargaining and negotiation has long attracted economists. Nash's formulations of the bargaining problem began the axiomatic treatment of the subject [8]. The hallmark of the Nash Bargaining solution is that starting with simple, reasonable assumptions, a unique outcome is determined for the seemingly indeterminate bargaining problem. Game theory works well as a basic model for predicting the response of other agents to an offer and the effect it would have on your own agent.
Plan based negotiation is an area which currently only describes a possible strategy for negotiation but does not provide any exact models for implementation. The idea of plan based negotiation is a two stage process. First the agent will create a plan of action that it believes will accomplish its goal. The agent then co-ordinates its plan with other agents in order to find possible conflicts and resolves them. The main issues arise from the method of co-ordination employed. The agents may adopt a centralized planning strategy where a single agent will take on the role of a co-ordination agent. This agent will receive the plans of other agents and analyses them to find possible conflicts. The agent will then modify the plans and attempt to combine them into a multiple agent plan that will satisfy the needs of all the participants. The role of co-ordination agent can be given to any agent, including a participating agent.
Most approaches rely on the observation that most real life human negotiators rely on their past negotiation experience and also their knowledge in the field in which they are negotiating. One possible view breaks down the negotiation into two parts. The first is a communication stage, where all the participants exchange their proposals with each other. The second stage is then one of bargaining, where agents try to make deals with other agents in order to resolve conflict. This is done by individual agents relaxing their constraints and influencing others' beliefs until an agreement is reached.
An example of agent-based e-commerce is MIT Media Lab's Kasbah website [1]. Kasbah is a website where buying and selling agents interact in a marketplace environment in order to exchange goods. At the moment, the system supports the buying and selling of CD's and books. 
The current form of Kasbah agents does not possess any real intelligence. Instead, they follow a set negotiating algorithm based on the user defined choices. The basic idea is that when the agent is created, it will make an offer at its desired price. If there is no interest over time, it will proceed to lower or raise its offer until the deadline when it should be offering a price at its other defined extreme. The user can define the decay rate of this process as linear, quadratic or cubic. 
We have proposed a logic termed Reasoning About Others (RAO) [9] which can be used as negotiation model. In RAO logic the Position Exchange Principle(PEP) play more important rols. . For an agent, say agent i, when agent i wants to reason about knowledge of other agent, says agent  j, by PEP, in fact agent i divides the negotiation procedure into two following steps:

Step 1. Agent i tries to imagine himself in the situation of agent j, and takes all knowledge which he believes agent j should have to form a new knowledge base, which we call the virtual knowledge base of agent i about agent j. Now agent i operates the virtual knowledge base just as does in the knowledge base of himself.

Step 2. Agent i treats any inferred knowledge from the virtual knowledge base about agent j as       the knowledge that agent j should have.

Formally, in RAO, PEP could be formalized as the following axiom schema in which the length of C is at least 2.


[image: image1.wmf]

 EMBED Equation.3  [image: image2.wmf])

(

)

(

f

j

f

j

C

C

C

®

®

®


where 
[image: image3.wmf]}

,

,

{

1

1

m

S

m

S

B

B

C

L

Î

, 
[image: image4.wmf])

(

f

i

S

i

B

means agent i believes ( in state Si.

4. Knowledge Management

Knowledge management caters to the critical issues of organizational adaptation, survival, and competence in face of increasingly discontinuous environmental change. Essentially, it embodies organizational processes that seek synergistic combination of data and information-processing capacity of information technologies, and the creative and innovative capacity of human beings.

2. Agent Construction

An agent is autonomous, goal oriented, has the ability to modify requests and dynamically choose the best alternative action depending on situations in the environment, collaborate with other agents in the system, learn the user's interest on past interaction history, and move from system to system to accomplish an user's goal.
We have developed a Multi-agent environment MAGE that is a common software platform for constructing agent. We can create agent with different functions. The important thing is that agents generated by MAGE have intelligence. They can do intelligent work in many domains, such as E-business, negotiation, search engine and so on. 


Figure 1 shows you the basic structure of agent. ACL Parser is responsible for explaining the received information or pack the data sent to external world. In addition, it transmits the information packed in ACL format to Communicator and then sends out.

Agent Kernel mainly manages the internal characters of agent, such as ability, acquaintance information and action mode. The intention of agent is embodied by agent’s action mode. 

Function embodies the ability of agent, and function model calls the communication function in low layer to implement function.  

Function Module Interface afford special method of connection for function import, such as build-in, accessory, dynamic linking, etc.
Scheduler schedules the actions of agent and calls the function model according to agent’s BDI status and agent’s kernel respectively.

ADL is used to read the definition of agent’s properties which include these aspects: name, local address, acquaintance address (especially the address of Communicator), ability (functions afforded by agent), action mode (defined by parallel session) and external variables, external objects involved in the processing of agent’s actions. 
The agent’s kernel acquires the properties of agent by ADL parser and generates the action mode of agent according to the session defined in ADL.gent Description Language (ADL) defines correlative properties of agent, such as name, acquaintance addresses, capabilities and action mode.  The grammar of ADL is as the following:

<Agent> ::= <Definition>


<Local Address>


<Acquaintance Addresses>


<Extra Classes>


<Capabilities>


<Environment Variables>


<Sessions>

Agent Description Language mainly includes agent definition, local address, acquaintance address, ability and external object, circumstance variable related to the session. Agent definition defines the name section and description section of agent, and this part is optional. Local address points out the computer address of agent and the port number used to communicate with other agents. Acquaintance addresses is a list of all other agents’ addresses he knows when boot. Generally speaking, the address of facilitator must be listed in acquaintance addresses, or this agent can’t normally communicate with other agents.

External objects or external classes define the objects that maybe used in session. Moreover, the ability of agent needs to be redefined by demands of agent, and then combines with the kernel of agent. It’s necessary to pre-define correspondent objects if adopt the methods of other classes.

Capabilities defines the ability agent owns and the services agent afford to outsides. The ability of agent is mainly afforded by particular function model, thus capabilities is divided into build-in, accessory, dynamic link (0, 1, 2 is respectively assigned to these three methods). Capabilities are composed of name, type, statement and resource.
3. Web Spider

Web spiders are probably one of the most useful tools to collect information from the internet. The way a typical spider (like Yahoo) works is by looking at one page and finding the relevant information. We have developed parallel Web spider in terms of agent technology.

Figure 2. Architecture of Web Spider

There are more than one hundred parallel spiders dominated by Facilitator, the communication center. They all communicate with each other through soft bus. The Facilitator can produce a new spider, and also can kill a spider. It distributes task to each spider and integrates hyperlinks received from each spider. When a spider receives a task from Facilitator, it will set to work. After has saved collected pages into database and sent new hyperlinks extracted from these pages, a spider would request for a new task.

Generally, there are two strategies to search the Web, depth-first search and breadth-first search. The strategy of spider is determined by the storage mode of URL list. When the URL list is saved in queue as FIFO mode, then the spider search in breadth-first. If the initial URL list contains a mass of web servers, it can reach a sound result of pages. But it is difficult to go depth into web server. As the URL list is saved in stack, this can be regarded as depth-first search. It will bring a preferable distributing of documents and it is easy to find the structure of documents. 

Considering the above two strategies have their advantages and disadvantages, we can combine them together. Generally, the hyperlinks in a HTML document can be divided into inner hyperlink and outer hyperlink. The former points to object in this web site and the latter points to other web site. As for inner hyperlink, many repeated hyperlinks or cross linkages can be expediently filtered by traveling all the web pages with depth-first algorithm. As far as outer linkage is considered, all the URL addresses can be added into URL list if there aren’t the same URL addresses in the list. In fact, this method belongs to Taboo search strategy.

4. Web Contents Management 

Chen and his colleagues have developed an asymmetric co-occurrence function to represent term association which is better than the popular cosine function [2]. In terms of co-occurrence function we have developed new infrastructure for Web contents, termed the Webspace, where each community indexes its own repository of its own knowledge. The Webspace consists of multiple spaces at the category, concept, and document levels. Concept level is the collections of abstract concepts generated from concrete documents. 

The Webspace focuses on scalable technologies for semantic indexing that work generally across all subject domains. After terms were identified in each document, we index the semantics of document contents on large collections.

Definition 4.1 Term frequency, tfij, represents the number of occurrences of term j in document i.

Definition 4.2 Document frequency, dfj , represents the number of documents in a collection of documents in which term j occurs.

Definition 4.3 Combined weight of term j in document i, wij, is based on the product of term frequency and inverse document frequency as follows:
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where N represents the total number of documents in Webspace and mj represents the number of words in descriptor Tj of document j
Definition 4.4 Weighting factor, WF(Tk), is 
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which is similar to the inverse document frequency function.

Definition 4.5 Term occurrence frequency, tfijk, represents the number of occurrences of both term j and term k in document i.

Definition 4.6 Document occurrence frequency, dfjk, represents the number of documents in which terms j and k occur together.

Definition 4.7 Combined occurrence weight, wijk, represents the combined weight of both descriptors Tj and Tk in document i. We define wijk as follows:
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Definition 4.8 Given a category C, confidence degree of terms j and k which are co-occurrence in document i classified in category Cm, CONjkCm, is defined as follows: 
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Definition 4.9 Given a category C, support degree of term j and k which are co-occurrence in document i classified in category Cm, SUPjkCm is defined as follows: 
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The support degree is recognized as a threshold to filter out noisy feature associations. Then, we define a new similarity metric as follows:
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Definition 4.10 Similarity weight from term Tj to term Tk, SW(Tj,Tk) is defined as follows:
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We use Kohonen self-organization map(SOM) neural network for text cluster. The Hopfield net was introduced as a neural network that can be used as content-addressable memory. Each term in the Webspace was treated as a neuron and the asymmetric weight between two terms was taken as the unidirectional, weighted connection neurons. The Hopfield net has been used successfully in multilingual (Chinese-English)documents retrieval when users input terms pattern. 

5. Negotiation Model
Bargaining and negotiation are fundamental activities and play a critical role in any economic system. Negotiation model should determine the best group decision given following assumptions:

( outcome

( process

( individual preferences

( group preferences

The study of bargaining and negotiation has long attracted economists. Nash's formulations of the bargaining problem began the axiomatic treatment of the subject [8]. The hallmark of the Nash Bargaining solution is that starting with simple, reasonable assumptions, a unique outcome is determined for the seemingly indeterminate bargaining problem. Game theory works well as a basic model for predicting the response of other agents to an offer and the effect it would have on your own agent.
Plan based negotiation is an area which currently only describes a possible strategy for negotiation but does not provide any exact models for implementation. The idea of plan based negotiation is a two stage process. First the agent will create a plan of action that it believes will accomplish its goal. The agent then co-ordinates its plan with other agents in order to find possible conflicts and resolves them. The main issues arise from the method of co-ordination employed. The agents may adopt a centralized planning strategy where a single agent will take on the role of a co-ordination agent. This agent will receive the plans of other agents and analyses them to find possible conflicts. The agent will then modify the plans and attempt to combine them into a multiple agent plan that will satisfy the needs of all the participants. The role of co-ordination agent can be given to any agent, including a participating agent.
Most approaches rely on the observation that most real life human negotiators rely on their past negotiation experience and also their knowledge in the field in which they are negotiating. One possible view breaks down the negotiation into two parts. The first is a communication stage, where all the participants exchange their proposals with each other. The second stage is then one of bargaining, where agents try to make deals with other agents in order to resolve conflict. This is done by individual agents relaxing their constraints and influencing others' beliefs until an agreement is reached.
An example of agent-based e-commerce is MIT Media Lab's Kasbah website [1]. Kasbah is a website where buying and selling agents interact in a marketplace environment in order to exchange goods. At the moment, the system supports the buying and selling of CD's and books. 
The current form of Kasbah agents does not possess any real intelligence. Instead, they follow a set negotiating algorithm based on the user defined choices. The basic idea is that when the agent is created, it will make an offer at its desired price. If there is no interest over time, it will proceed to lower or raise its offer until the deadline when it should be offering a price at its other defined extreme. The user can define the decay rate of this process as linear, quadratic or cubic. 
We have proposed a logic termed Reasoning About Others (RAO) [9] which can be used as negotiation model. In RAO logic the Position Exchange Principle(PEP) play more important rols. . For an agent, say agent i, when agent i wants to reason about knowledge of other agent, says agent  j, by PEP, in fact agent i divides the negotiation procedure into two following steps:

Step 1. Agent i tries to imagine himself in the situation of agent j, and takes all knowledge which he believes agent j should have to form a new knowledge base, which we call the virtual knowledge base of agent i about agent j. Now agent i operates the virtual knowledge base just as does in the knowledge base of himself.

Step 2. Agent i treats any inferred knowledge from the virtual knowledge base about agent j as       the knowledge that agent j should have.

Formally, in RAO, PEP could be formalized as the following axiom schema in which the length of C is at least 2.


[image: image12.wmf]

 EMBED Equation.3  [image: image13.wmf])

(

)

(

f

j

f

j

C

C

C

®

®

®


where 
[image: image14.wmf]}

,

,

{

1

1

m

S

m

S

B

B

C

L

Î

, 
[image: image15.wmf])

(

f

i

S

i

B

means agent i believes ( in state Si.

6. Agent-based Electronic Commerce Platform
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Figure 3. Architecture of AECP
We have developed an Agent-based Electronic Commerce Platform (AECP) shown in Figure 3. AECP consists of  6 components, that is, Web Intelligent Search Engine (WISE), Web Content Management System (WCMS), Negotiation Support System (NSS), Swarm Agent, Data Warehouse, and Interactive Interface. WISE is the automatic document collector implemented by parallel spiders. Each spider is an intelligent agent and collect documents in high speed. WCMS will organize the Web contents as a Webspace in terms of semantics of document contents on large collections. NSS facilitates a structured on-line negotiation process. Data warehouse will manage all data containing goods, prices, sellers, buyers, homepages and so on. Interactive interface provides multiple functions input/output methods. Swarm agent is the important component which provides 3 agents mainly containing spider agent, seller agent and buyer agent. 

In AECP each spider is an intelligent agent called spider agent which can finish its work solely. We can dispatch many spiders to work at the same time. Parallel working of multi-agent can improve the efficiency of collecting pages. A collecting server can run more than one hundred spiders at a time. After a spider open a connection to an URL, it will take some time for the spider to wait for response. So, other spiders can do their work at the same time. On the other hand, this system can distribute tasks to several servers. A server acts as Facilitator, others only run spider on them. All spiders on different servers communicate with the Facilitator server. This can be regarded as a distributed Web spider system. Thus we can fully use resources of each server’s CPU time and network’s bandwidth. 

  The seller agent handles sales on behalf of an organization. It processes purchase orders from buyer agents and decides how to execute transactions according to selling strategies specified by the user. Negotiation support system will conduct the bargaining procedure with buyer agent. It also sends email to buyer after the completion of a deal.

When a user wants to participate the electronic commerce, he/she creates a buyer agent to act on their behalf. Buyer agent will be given certain constraints and then released into the virtual market to interact and complete a transaction. When created, the user gives the agent a description of the item for sale along with boundaries for negotiation:
( Desired goods and quantity 

( Expecting price.
( Lowest acceptable price.
 The function of a buyer agent is to search for product information and to perform fairly routine goods or services acquisition. When it receives a purchase request from a user, it engages facilitator to locate the corresponding seller agents. Price information is used in strategies adopted by the buyer agent to decide which seller agent to purchase from . If no item is within the range of acceptable price, the buying transaction will be reported as unsuccessful. The flow chart of negotiation between buyer agent and seller agent is shown in Figure 4.
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Figure 3. Flow chart of negotiation between agents

When user decides to consign the agent to finish the task, he can configure the whole negotiation. What he can control includes: the choice of negotiation protocol, strategy of bargaining, and stop condition of negotiation. For example, user can choose one of CNP, 1-1, hybrid protocol of CNP and 1-1 as his negotiation protocol; user can decide the rang of price which he can accept, what is his expecting price, the negotiating turns and the range of increasing or decreasing price in each turn. On the aspect of stop condition, user can set the options such as time-out.

7. Conclusions

Intelligent agent will be used in Web site to enhance sales and customer support. Incorporating agent technology into electronic commerce systems has brought even more potential to the improvement of efficiency. This paper presented Agent-based Electronic Commerce Platform which provide an environment to create macro agent to deal with scalability, negotiation and information service. 

In the future we should add the function to know all of users preferences, goals, and information desires. Another big challenge is mobile electronic commerce in terms of mobile agents. It is expected that agent-based electronic commerce would be efficient solutions for dealing with distributed and scalable information systems.
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Figure 1 Structure of Agent
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