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Abstract. Information systems with an intelligent or knowledge component are 
now prevalent and include knowledge-based systems, intelligent agents, and 
knowledge management systems. These systems are in principle capable of ex-
plaining their reasoning or justifying their behavior. This paper attempts to rec-
tify this situation by drawing together the considerable body of work on the na-
ture and use of explanations. Empirical studies, mainly with knowledge-based 
systems, are reviewed and linked to a sound theoretical base. In this paper we 
analyze: a) the process of negotiation between a  user and an intelligent agent in 
a web store. The main purpose is to determine how the agent can utilize the 
user’s information to select the best price for him, b) The formulation of the ne-
gotiation allows us to determine how the agent works using a protocol for  the 
user's satisfaction, and c) The use of KQML language for an application to in-
teract with an intelligent agent named Loubeth, who will communicate with the 
user on  his behalf for the acquisition of CD music according to his preferences. 
The agent presented can find an optimal path to  achieve its goal using its men-
tal states and libraries designed for the business roles. 

 
* This project has been funded by CONACYT as project number 33038-A, and Aso-
ciación Mexicana de Cultura, A. C. 

1   Introduction 

Automated negotiation is a key form of interaction in systems composed of autono-
mous agents [1]. Given its ubiquity, such negotiations exist in many different shapes 
and forms. However, we consider a particular class of automated negotiation: com-
petitive negotiation. This negotiation appears over a single price between an agent and 
the user that both have firm deadlines. This is exemplified by the e-commerce scenario 
in which both a buyer  and a seller agent negotiate over the price of a CD or service 
associated to the product. The buyer clearly prefers a low price, while the seller pre-
fers a high one. In order to attempting to obtain the best price, agents also usually 



need to ensure that negotiation ends before a certain deadline. However, the end point 
may not be the only way in which time influences negotiation behavior. This may be 
the case, for instance, when one of the participants, say the buyer, is losing utility with 
time as a result of not getting the service. On the other hand, the seller may perhaps 
gain more utility by providing the service as late as possible. In short, it is clear that 
agent can have different attitudes toward time[2]. 

This paper presents the description of an agent that is capable of negotiating (pro-
posing and asking to the offers) in B2B and B2C models. The project addresses the 
problem of making interactive systems in a context-web fashion. We first define the 
system we wish to create. This leads us to focus on a negotiation protocol and its op-
eration. To support the web design, we define both an intelligent reactive agent and 
the architecture associated to its environment.  

It is important to remark that we include animations in order to show an agent that 
represents an actual person. We prove that the idea of providing virtual person for 
showing to the consumers a person with the interaction is possible. We believe it 
should reduce the impact and gap created by the new technology. The final system 
improves the critical business processes with intelligent agents to make it robust. 
    The remainder of the paper is structured in the following manner. Section 2 include 
an introduction to the system in a formal description. Section 3 describes the basics of 
our negotiation model. Specification about agent and its behavior is shown in section 
4. Section 5 presents the KQML language and the formulation of knowledge bases 
used by the agent within information obtained from the user. In section 6 we analyze 
the application architecture. Section 7 discusses related work. Finally, section 8  pre-
sents conclusions. 

2   Definition of the system  

In this section, we present an abstract formal model of Loubeth and the environ-
ment it occupy. Then, we use this model to describe the decision of design. The sys-
tem is constructed in a web environment. This allows us to define the interaction be-
tween agent and the user who uses the system. We are taking terminology of sets to 
include all the elements involved and the logic based on standard notation[4].  

Loubeth is perceived to be as a reactive agent, because it interacts with the envi-
ronment by performing actions in response to some stimulus created by a user. We are 
assuming that the environment can establish a set of states where the agent can react. 
In this sense, we incorporate a set of states as ,...},{ 21 eeE =   of possible states. In 
addition, Loubeth has a set of possible actions for the stimulus defined as 

,...},{ 21 αα=Ac . 
The elements presented previously can be used to model the agent and the envi-

ronment for the system. The model describes the states and the corresponding actions 
associated to each stimulus. Depending of interaction with the user, the agent choose 
an action that includes the collect of information that informs which option can result 
most favorable for the user in order to buy a product. The visit to the web store (r) can 
be resumed as a sequence of states in the following manner, as defined in [3]: 
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(1)

 Formally, we say an environment Env is a triple 0,, eEEnv τ=  where E is a 

set of environment states, τ is a state transformer function, represented concisely, and 
Ee ∈0  is the initial state of the visit to the web store. Then, the agent is modeled as 

follows[6]: 
AcRAg →:  

 
(2)

    As a result of the previous definitions, the system is finally a set that evolves both 
the agent and the environment: 

EnvAgSys ,=   

 

(3) 

    With the definitions presented in (1), (2), and (3), we can design a system of scenes 
for interaction between the agent and the user, determine the protocol of negotiation, 
and the roles for this negotiation. Thus, the agent will carry out tasks in behalf of us. 

3   Negotiation Model 

The bilateral negotiation model presented in this prototype works as many multilateral 
negotiations that can influence each other. A bilateral negotiation starts after the two 
parties - the buyer and the seller - match their objectives (i.e., they agree that what the 
buyer wants to buy is what the seller intends to sell), and consists on a sequence of 
proposals and counter-proposals. It ends when either one party accepts the other one's 
proposal or when it withdraws from the negotiation.    
    The negotiation can be observed like a process in which a joint decision is done by 
two organizations that have contradictory demands. The participants move towards an 
agreement by means of a process of concessions in search of new alternatives [7].   
    Currently, the proposed negotiation model is being used by two important firms in 
Mexico and now incorporate efficiency in electronic trading using intelligent systems. 
The protocol has been tested with trading scenarios and is available on the World 
Wide Web [18,19]. 
 

3.1   Definitions of negotiation’s terms  

The negotiation mechanism is based on a protocol and a strategy of negotiation.  More 
formally, negotiation can be represented in the following terms: 



    
• Pmin = Minimum price.  It is the lowest price that a store  is willing to sell a 

product and is obtained from the data base of the system.   
• RP =Regular price. This is the price that is currently obtained in the market. 
• Price of reserve (Pres).  The price of reserve is defined as:   

),,,,( min COMMFSLBFSDPfPres =  
(4)

 
where 

  
     - FSD = Means the factor supply-demand of the product.   
     - LB = Expresses loyalty of the buyer.  Qualification that is granted to the 

buyer          according to his/her consumption in the site.   
     - FS = Shows the factor of season time of the year.   
     - COMM = Commissions decided with the store.   
 
    The price reserve (4) is the threshold of the agent to accept a supply. It is the lowest 
price that a product can be bought.  It is calculated dynamically for each client and is 
influenced by factors of supply and demand, loyalty of the client, file of the article, 
etc.   

• The initial price ( iniP ) is defined as:  

),,,( min LBCOMMRPPfPini =  (5)

    The price function in (5) can or it cannot be equal to the regular price of the prod-
uct, depending on the loyalty of the consumer in the website.  
 

• Round of negotiation.  It corresponds to each of the cycles of negotiation, 
where the agent sends a proposal and the stores respond.  It is defined as.   

),( iii bidaskRound =                   for        max,...,0 ii =  (6)

              where 
- aski  = Proposal of the agent in the round i.  
- bidi   = Proposal of the store in the round i.  
- imax  = Maximum number of stores.   

 
 

• Supply or ask.  It is the proposal that the agent of purchases makes to the user 
or consumer. It is defined as follows:  
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(7)

where 
- bidi-1  = Proposal of the consumer in the previous round.   



- aski-1  = Proposal of the agent in the previous round.   
- HN = Hardness of the negotiation.   
- imax  = Maximum number of rounds.   

• Bid. It is the proposal that the user or consumer makes the agent of pur-
chases.  

 
    The limits of this variable are the following ones:   
 

ii askbid ≤<0                  if 0=i  
iii askbidbid ≤<−1                    if   max,...,1 ii =  

 

(8) 

3.2   The protocol’s operation  

The entities that participate in the negotiation’s model have limited knowledge of the 
preferences and restrictions of the opponent.  That is why the rank in possible agree-
ments is represented by the intersection of the individual areas with particular interests 
that are typically not known a priori. For this reason, it is necessary to find an agree-
ment that benefits to both parts. The entities must move and explore possible agree-
ments by means of the exchange of information (in form of supplies).    
    The negotiation’s model works as follows: each one of the entities begins the nego-
tiation offering its preferred solution from its area of interest.  If the supply is not 
acceptable for the other entity, this one makes bids so that are more near reaching an 
agreement.  During the process the ranks of possible options for each entity are re-
duced until it is possible to be reached an agreement or some of the entity retires of 
the negotiation.  In other words, if the area of common interest is reduced to a solu-
tion, then one reaches an agreement and the negotiation is successful. Otherwise it is 
not possible to reach an agreement.   
    The process of satisfaction of restrictions will be used by the agent of negotiation, 
being the primary target that the agent sells a product, instead of maximizing the 
gains.   

3.3   Possible scenarios of the negotiation  

The actions taken by the agent at a certain moment are influenced by the prices that 
each store offers and by the preferences of users.  The main movements that the agent 
is able to make are:  
 

1. To finish the negotiation - accepting or finishing the purchase -,  
2. To generate a supply to the user (ask),  
3. To show new supplies that is attractive to the buyer or any of the following 

messages:  



 
• Take it or leave it.  This message indicates the user that it is the only 

available thing and suggests the purchase.   
 

• This it is the lowest price.  With this option the agent indicates the 
user that the comparison of the product was the optimal one. 

4   Agent’s specification 

The agent proposed in this prototype is reactive, since its actions depend on the in-
teraction with the buyer. The figure 1 shows the architecture that describes how 
Loubeth communicate with the environment by the stimulus received from it and the 
corresponding actions that relates to that stimulus. 

 

 
Fig. 1. Agent’s architecture 

 
    The information that the agent contains must relate to the profile of the buyer and 
its necessities. Loubeth is responsible of informing about the products for sale and the 
terms of negotiation in a commercial transaction. One of the principal objectives of 
the agent is to coordinate the information related to the electronic store. The perform-
ance of this task includes the information about the buyers and the discs that are de-
manded and offered. 

4.1   Loubeth’s mental models  

The importance of the agent-mediated systems is the believability of the agent in-
volved with the user’s goals because it should behave as a real human.  This behavior 
should include capabilities such as: emotion, personality, perception, language under-
standing and many others. In order to perform these activities, the agent has  beliefs, 
capabilities, and commitments. 

• Beliefs.  Represent the current state of the agent’s internal and external world 
and are updated as new information about the world is received 



• Capabilities. Is a construct used by the agent to associate an action with that 
action’s necessary preconditions.  

• Commitments. A commitment is an agreement, usually communicated to 
another agent, to perform a particular action at a particular time.  

4.2   Agent’s behavioral rules 

In Shoham’s model[8], all actions were performed only as the result of commitments. 
Reticular has extended the idea of a commitment rule to a include a general behavioral 
rule[9]. Behavioral rules determine the course of action an agent takes at every point 
throughout the agent’s execution. 
    Behavioral rules match the set of possible responses against the current environ-
ment as described by the agent’s current beliefs. If a rule’s conditions are satisfied by 
the environment, then the rule is applicable and the actions it specifies are performed. 
Behavioral rules can be viewed as WHEN-IF-THEN statements. The WHEN portion 
of the rule addresses new events occurring in the agent’s environment and includes 
new messages received from other agents. The IF portion compares the current mental 
model with the conditions that are required for the rule to be applicable. Patterns in 
the IF portion match against beliefs, commitments, capabilities, and intentions. The 
THEN portion defines the agent’s actions and mental changes performed in response 
to the current event, mental model, and external environment. These may include: 

a) Mental model update 
b) Communicative actions 
c) Private actions 

4.3   Loubeth’s gestures and interaction 

It is important to note that we incorporate animations in order to represent an agent 
as a virtual person. Providing a virtual human with humanlike reactions and decision 
capabilities is complicated. Simulated actions and decisions are used to convince the 
viewer  of Loubeth’s skills and intelligence in negotiation. This level of performance 
entails the possibility of proving the idea of incorporating virtual person for showing 
to the consumers a person with the interaction. We believe this should reduce the 
impact and gap created by the new technology. In our work we create such representa-
tions by incorporating natural behaviors with the purpose of obtaining a robust proto-
type that improves intelligent systems for electronic commerce. 
    The prototype presented illustrates the importance of social reactivity by consider-
ing some responses from the agent to users who want to purchase CD music from an 
electronic store. In this case each reaction from the agent corresponds to a emotion 
suggesting signals that must accompany animated gifs and recorded audio, providing a 
more natural feel and a greater communication [10]. 
    When Loubeth is reacting to obtain results or reporting difficult, the system provide 
some of the following items: 

1. I was unable to find your Compact Disc with that description (sad). 



2. Hey, I think this is a CD for you! (proud). 
3. Well, I’m not sure, but I think this Compact Disk is closest to your require-

ment (hesitant). 
4. Wait a moment, it only took me 10 seconds to find it! (embarrassed). 
5. I’m afraid I don’t understand what you mean (confused). 
6. I though I just told you that I don’t know anything about this topic (irritated). 

    The figure 2 shows the different ways the agent can interact with the user in a 
graphical manner depending on the user’s actions. 
    The interaction between Loubeth and the user is explained by means of a visual 
interface.  The use of a knowledge base allows to know the different answers of the 
agent by means of messages from audio.  The figure 3 shows how we can relate a 
gesture of the agent with several options of messages that are stored. The combina-
tions depend on the number of images and the messages that the knowledge base con-
tains.  Although the project is made using animated gifs and voice recorded, it can be 
easily replaced by a set of videos presenting the same expressions. 

 

 
 

Fig. 2. Different reactions of the agent 
 

 



 
 

Fig. 3. Knowledge base representing several forms to show messages for users 
  
    In order to exhibit the different gestures from the agent, we have a series of answers 
associated a group of gestures. Later, each gesture has a small list that contains varia-
tions of the same gesture. Figure 4 exhibits Loubeth’s behaviors for different gestures. 

 
 

Fig. 4. Loubeth’s gestures planning design 



5   KQML Language 

The Knowledge Query and Manipulation Language (KQML) is a high-level language 
intended to support interoperability among intelligent agents in distributed applica-
tions. It is composed by  a message format and a message-handling protocol to sup-
port run-time knowledge-sharing among agents. It is an interlingua, a language that 
allows an application program to interact with an intelligent system. It can also be 
used for sharing knowledge among multiple intelligent systems engaged in coopera-
tive problem solving. This language, originally developed as part of a DARPA 
Knowledge Sharing initiative, is becoming a de facto standard for interagent commu-
nications languages [11,12,13,14,15]. 

5.1   KQML Semantics 

The semantic model underlying KQML is a simple and uniform context for agents to 
view each others' capabilities. Each agent appears as if manages a knowledge base. 
That is, communication with the agent is with regard to this knowledge base. For ex-
ample, there are questions about what a KB contains, statements about its content, 
requests to add or delete statements from it, or requests to use knowledge in order to 
route messages to appropriate other agents. 
    The implementation of an agent is not necessarily structured as a knowledge base. 
The implementation may use a simpler database system or a program using a special 
data structure as long as wrapper code translates that representation into a knowledge-
based abstraction for the benefit of other agents. Thus, we say that each agent man-
ages a virtual knowledge base (VKB). 
    The English-prose performatives make reference to these terms, but this view of the 
VKB is especially important in the formal semantics of KQML [13]. 

5.2   Interaction with knowledge bases 

The figure 5 is an example of the interaction among Loubeth, three stocks, Data Base, 
and the Knowledge Base created for the negotiations.  
    We can observe that three stocks participate in the selection of the lowest price that 
Loubeth obtains with the help of KB. During the negotiation, the KB is evaluating the 
properties associated to each product. The main characteristics are used to discrimi-
nate certain properties, which may cause a non-desirable results for the client. The 
negotiaion follows rule-based strategies according to the business goals. 
 



 
 

Fig. 5. Negotiation Interaction Diagram 

5.3   Knowledge declarations   

To determine proposals related to a certain product, all the information about products 
must be compared according to its properties. This can be considered by using  one 
Knowledge Base, defined for attributes and the product abstraction. The specification 
for matching and selection are presented. 
 WHEN KB find match 
      IF  product_of_interest (Loubeth:Agent, P:properties, S: Selection )  and 
             in_selection(P:properties, ST: Stock) 
     THEN 
             possible_purchase(S:Selection) 
 
    The knowledge base specifies the fact that a product can be a good candidate for 
purchasing, and is attracted by the product selected. Although this KB can determine 
possible proposal, it is important to assume other knowledge base to complete deci-
sions based on the user’s perspectives and product management using sharing knowl-
edge[16]. 
    In the selection of products, the knowledge base evaluate the products obtained 
from the stocks that conform the agent’s source information.  
WHEN KB selection evaluate 
    IF  possible_purchase(S:Selection)  and 
          product_acceptable(P:properties, Loubeth:Agent) 
   THEN 
          Good_choice_purchase(Loubeth:Agent, P:properties, S: Selection) 



6   Application architecture 

The prototype presented is a web-centric application that uses a web client to send 
requests and receive results from a web application. A web application is a bundle of 
web components and their supporting classes, beans, and files. Web components are 
server-side J2EE components, such as Servlets and JSP pages[17]. The application 
consists of a single web module. A web module is the smallest deployable and usable 
unit of web resources in a J2EE application. A feature introduced in this application is 
the web module construct, which automatically creates the required directory struc-
tures, default versions of required data objects, and other special services required by 
the web module.  
    The negotiation model and the architecture in which the agent is embedded is 
shown in figure 6. 
    For purposes of efficiency and modularity, the architecture consists of separate 
componets running in parallel as separate processes. The components communicate by 
exchanging messages and include the following features: 
   -Business component. 
   -Agent component. 
   -Commerce component. 
 

 
 

Fig. 6. Application’s architecture and the relationship among components 



7   Conclusions 

This paper determined what the optimal negotiation strategies are for agents that find 
themselves in web environments with different information states about users who buy 
products. Specifically, we considered situations where agents act as assistants help the 
user to make good decisions in the acquisition of goods in a web store. 

We listed conditions for convergence of these optimal strategies and studied the ef-
fect of giving best alternatives of buying on the negotiation outcome. In the future we 
intend to extend our analysis to determine if this strategic behavior leads to maximize 
gains and then analyze situations where agents have limited information about other 
negotiation parameters like the store’s bargaining cost, its discounting factor or its 
strategy to compare their relative influences on the negotiation outcome. 

The use of KQML assumes a model of an agent as a knowledge-based system 
(KBS). The KBS model easily a broad range of commonly used information agent 
models, including database management systems, hypertext systems, server-oriented 
software, simulations, and more. The contribution that KQML makes to this prototype 
is to offer a communication language as well as the information related to web appli-
cations 
prototype presented is a web-centric application that uses a web client to send requests 
and receive results from a web application. 
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