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1. Introduction 
During the last years, a significant amount of research has been focused on the field of software 

agents and agent-based systems for e-negotiations. In many of these projects, specific solutions were 

developed to provide artificial testbeds for agents interacting with humans or other agents (Collis 

1998, Howden 2001, Bellifemine 2003, Chen 2005). On the one hand, this approach usually ensures 

that all environmental parameters can be controlled (e.g., pertaining to a specific task, limiting time for 

negotiations, taking place in a laboratory) in order isolate the effects of agents on the dependent 

variables (e.g., economic outcome, subjective assessment of the agent, satisfaction with results, etc). 

On the other hand, the external validity of such experiments can be challenged as e.g. real 

negotiations do not involve contrived cases, are not limited to a specific time frame, and are especially 

subjected to influences of the on-line medium as well as the e-negotiation system (ENS). Recent 

experiment results further suggest that the “system matters quite a lot”, in that the ENS plays an 

integral role in shaping people’s perceptions and economic outcomes (Kolitz 2007). In this paper, we 

present an approach for implementing electronic software agents capable of interacting with virtually 

every web-based application available on the Internet. A distinct advantage of our method is the 

minimal effort required for creating such agents, which allows software engineers to focus on 

developing the agent’s strategies instead of having to handle the complications involved in the 

implementation of complex communication and message exchange interfaces. As a proof-of-concept, 

this paper describes an implementation for a simple agent capable of autonomously acting in a 

bilateral negotiation protocol on the Invite1 negotiation support system. 
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2. Technological Framework 
With the development of JUnit2 as a regression testing framework, Gamma and Beck (Beck 2002) 

invented test-driven software development as powerful new software engineering methodology, which 

subsequently became a de-facto standard in nowadays software development. The main idea of this 

paradigm is to develop so called test cases; pieces of software aimed at exploring the boundaries of 

production source code. Only recently, the idea of unit-testing was extended to automated evaluation 

of (web-)applications as a whole. Special frameworks like htmlunit3 or Watij4  were developed to 

facilitate this type of regression testing. For the implementation of our electronic agent, we adapt the 

functionality of the Watij web-application testing framework, which provides an application 

programming interface (API) for Internet Explorer5 automation. Using this API, one can 
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programmatically control the web browser to navigate and interact with arbitrary web pages. This 

technology provides the opportunity to write programs that automatically execute chains of actions in 

the Internet Explorer mimicking the behavior of human users. In the following section, we will describe 

the realization of a negotiation agent that uses Internet Explorer automation to negotiate with a 

fictitious counterpart using the Inspire negotiation protocol of the web-based negotiation support 

system (NSS) Invite (Strecker 2005).  

3. Negotiation Protocol and Negotiation Strategy 
The bilateral, multi-issue negotiation protocol Inspire is divided into three phases: (1) in the pre-

negotiation phase the system elicits the negotiators’ preferences in form of utility functions; (2) during 

the negotiation phase negotiators exchange offers and text messages until the negotiation is 

abandoned or an agreement is reached; and (3) in the post-settlement phase Inspire offers Pareto-

improvements of the negotiated agreement, if such improvements exist. For the exchange of offers, 

negotiators have to log on to the ENS, frontend of the Invite platform, using a web browser. After 

having entered their preferences in accordance to phase (1), they are free to start negotiating by 

composing offers and submitting them to their counterparts through filling in specific HTML forms. For 

the composition of an offer, they have to specify option values for all negotiable issues; each issue 

comes with a list of predefined option values to choose from. Moreover descriptive plain-text 

comments can be attached to such offers in a separate text area before finally submitting it to the NSS. 

A more detailed description of the negotiation protocol is outlined by Kersten and Lo (Kersten 2003). 

For the negotiation agent, the simple negotiation strategy of tit-for-tat (TFT) (Axelrod 1984) is chosen 

as  it is easy to understand and implement, yet powerful in its application (Shakun 2005). This strategy 

can be described as follows:  

 Initialization: The agent logs on to the Invite platform and accomplishes the pre-negotiation 

phase by submitting pre-defined preference values that reflect the user’s interests. 

 Negotiation opening: The agent invites and waits for the counterpart to submit a first offer. 

Then he composes an offer by choosing the – from his perspective – most favorable option 

values for each negotiable issue.  

 Offer exchange: The agent then waits for his counterpart to reply with a counteroffer. Based 

on this second offer, the concession value is calculated and an offer with a matching 

concession is made to the opponent. If the counterpart makes a subsequent offer that is 

worse than the previous, the agent also matches this difference, up to the – from his point of 

view - most favorable offer possible. If the concession value can be achieved with more than 

one alternative, the agent selects the alternative with the greatest tradeoff on the least 

preferred issue (i.e., log-rolling). The agent negotiates until: (1) the counterpart accepts an 

offer proposed by the agent; (2) it accepts an offer with a value that exceeds the next 

counteroffer it would propose; (3) it can not go below the reservation level of the principal, 

and thus proposes an offer at the reservation level and tells the opponent to “take-it-or-leave-

it”; or (4) the counterpart terminates the negotiation. 

 Post settlement: If the ENS proposes a post-settlement (i.e. the previously agreed outcome 

was Pareto-inferior), the agent always accepts a proposed offer if this generates a higher utility 

than the original agreement.  



 

 

4. Implementation of the Negotiation Agent 
The Watij web-application testing framework provides a Java API that allows full programmatic control 

over the Internet Explorer. During the Initialization phase, the agent needs to log on to the Invite 

platform providing username and password as credentials. This is accomplished by creating a new  

watij.runtime.ie.IE object instance and subsequently pointing it to the Invite homepage as 

shown in Listing 1.  

//START INTERNET EXPLORER AND GO TO THE INVITE HOMEPAGE 
IE ie = new IE("http://invite.concordia.ca/invite/");  

Listing 1: Starting Internet Explorer and navigating to the Invite homepage 

Using so-called “Finders” provided by the Watij API, one can easily identify specific elements of the 

currently loaded HTML page like e.g. hyperlinks, form objects or text excerpts. Specific “text field-

finders” ease the identification and filling of the text fields “username” and “password” on the Invite 

start page (c.f. Listing 2). A button finder helps choosing and clicking on the submit button afterwards. 

//LOGGING IN TO THE INVITE PLATFORM USING GIVEN USER CREDENTIALS 
ie.textField(id("username").set("MyUserName");  

ie.textField(id("password").set("secret_password");  

ie.button(name("submit").click();  

Listing 2: Logging in to the Invite platform 
 

Also the construction and submission of a new offer is simple. Listing 3 shows the procedure that 
composes an offer out of given issue values, adds an accompanying text to the offer and then submits 
it to the ENS.  
 

//CREATING AND SUBMITTING A NEW OFFER USING GIVEN ISSUE VALUES AND MESSAGE 
public void sendOffer (String message, HashMap issues) { 

  ie.link(id("Send offer")).click(); 

  ie.textField(id("message")).set(message); 

  Iterator<String> it = issues.keySet().iterator(); 

  while (it.hasNext()) { 

    String key = it.next(); 

    ie.selectList(id(key)).option(id(issues.get(key))).select(); 

 }  

 ie.button(id("submit_offer")).click(); 

} 

Listing 3: Offer creation and submission 
 

In order to submit the offer, first the respective offer submission page (reachable via the hyperlink 
“Send Offer”, c.f. Figure 1) is opened. Subsequently a given offer message is written into the respective 
text field of the web page. Lastly the relevant issue values for this offer, provided in form of a 
HashMap,  are selected before the offer is finally submitted by clicking on the “Send offer” button, 
which is identified via its html id “submit_offer”. 
 



 

 

 
Figure 1: The Offer Submission Form of Invite 

5. Conclusion & Outlook 
The contribution of this paper is a methodology for implementing electronic agents using regression 

testing technology, which was originally developed for the automated testing of web applications. 

Several software frameworks exist to accomplish this task, one of them being Watij. This framework 

provides a simple interface for Internet Explorer automation which can be used for executing the 

electronic agent’s actions. We have demonstrated that the creation of electronic agents for web 

applications needs not be cumbersome and complex, but can be rather simple and similar to the way 

humans would behave on the internet. Especially for academic systems like Invite, our approach might 

be useful as the overhead for implementing electronic agents, and thus for adding a new feature to 

the system, is minimal and completely independent from underlying (web) software. 
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