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Java is enabling Web applications to be richer and more interactive. It is now becoming feasible to build collaborative applications over the Web. The focus of this work is on a synchronous class of collaborative applications. We have built a coordinated browsing system which allows a group of users to surf the web together (where users have the capability to be geographically distributed, possibly working on different platforms). In this environment when a user in the group loads a new document from a site, the same document gets loaded on all the other users’ web browsers. The proposed coordinated browsing system works on any platform that supports a graphical web browser with Java capability. Advantages are two fold: in our approach it is not necessary for every user in the group to have the same browser, nor do we modify the browser. 

1. Introduction

The exponential growth of the World Wide Web is making it an attractive framework for a wide variety of applications. Today the World Wide Web is the most cost-effective way to share information among geographically dispersed users. The graphical Web browser’s ease of use makes multimedia information distributed all around the world accessible to everybody with access to the Internet. The Web seamlessly connects disparate hardware platforms running different operating system in diverse locations. With the advent of Java technology,  Web applications can support collaboration over the Web

The focus of this work is on a synchronous class of Web-Java based collaborative applications.  More specifically, we are looking at coordinated browsing (co-browsing) which allows a group of users to surf the web together (where users have the capability to be geographically distributed, possibly working on different platforms). When a user in the group loads a new document from a site, the same document gets loaded on all other users’ web browsers. The coordinated Web browsing, along with audio support, can be used effectively in many situations to increase productivity. Some example scenarios in a teaching environment are: 

1. Group of students: A number of courses that are project oriented require a group of students to collectively research or explore information on the Web. For example, a group of students may be working together to write a report on the subject of computer security. For this, students may decide to research the material together to identify papers which they can use for writing the report.

2. Group of students and an instructor: When an instructor holds a recitation session with a group of students to explain or elaborate on some concepts discussed earlier in the class, an instructor may find it useful to use different media such as animation and video available in a digital library to explain a breadth-first search algorithm.

3. An instructor and a student: When one student wishes to interact with the instructor with some specific questions, the instructor may find it appropriate to  co-browse material from the lecture for that course on the Web with the student.

Recently, many collaborative web applications over the Web have been developed [1-11]. Most of these approaches either require modification of the browser or are based on the X Window System protocol. However, these approaches do not lend themselves easily to a group of users working on multiple platforms such as Unix, Windows NT, MacOS, and Windows95 in the same session. 

In this paper we take an approach which works on any platform that supports a graphical web browser with Java capability. Most of the new web browsers, such as the Netscape Web browser and Microsoft Internet Explorer, have this capability. Also, in our approach it is not necessary for every user in the group to have the same browser. For example, it is feasible in our approach for some users in the group to use the Netscape web browser while others use the Microsoft Internet Explorer. Another advantage of our approach is that we do not modify the browser. The coordinated browsing can be integrated with audio to enable users to speak while browsing. In this paper we will, however, only discuss the coordinated browsing architecture and its implementation. 

The rest of the paper is organized as follows. In the next section we present  the architecture of the coordinated browsing system. The design and implementation issues we faced are described in Section 4. In Section 5, we describe the current prototype. Conclusions and future work are detailed in Section 6.

2. CO-Browsing SYSTEM Architecture

When a user in the group loads a new document from a site in a co-browsing session, the same documents gets loaded on all the other users’ web browsers. The central idea to support a co-browsing session is to intercept a Web browser  request for a document and communicate it to other browsers in the session. The other  browsers on receiving this information download the same document.   We use a modified proxy server to intercept requests from various Web browsers in a co-browsing session. A  Web browser, once configured to use a proxy server, sends the complete URL request to the proxy server. The proxy server, in turn, opens a connection to the requested URL Web server, makes the HTTP request, and then sends back the result to the Web browser.  Traditionally, a proxy server has been used to provide Web services across a firewall, or to cache locally remote documents to reduce network traffic. To enable Web browsers in a session to receive information about a new document request, we use Java applet technology. All active Web browsers in a co-browsing session have an applet running all the time. Besides Java applets, we  need software which keeps track of all the active Web browsers in a co-browsing session and communicates with applets running on them. We also need methods to have a Web browser join a co-browsing session.

We first describe the co-browsing architecture for a single group of client browsers.  We will refer to this system as the single-group architecture.  The number of clients supported by a single-group architecture is determined by the hardware and software characteristics of the machines involved. Next, we discuss how the single-group architecture can be extended to support large number of users partitioned into a hierarchy of groups. The objective of the overall design is cross-platform support and use of standard web browsers and servers without any need to modify these browsers and servers.

Single-group Architecture

The single-group architecture along with its various components and how they interact is shown in Figure 2. The co-browsing architecture consists of (i) a Central Proxy Server (CPS), and (ii) a Central Registration Service (CRS) that consists of a standard Web Server (WS) and a Registration Server (RS). In this section we look at the functional description of these modules and how they interact to support a co-browsing session. In the next section we discuss the design and implementation issues for these modules. 
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Figure 2. Single-group architecture for co-browsing system.

We illustrate the working of the co-browsing architecture with the help of an example where a new user joins an ongoing co-browsing session of two users. For keeping this explanation simple we make certain assumptions. Of these, we assume that users in a co-browsing session only download simple HTML documents without any embedded images. The user never clicks a link with target set to main browser window. These issues, along with their impact on the overall co-browsing architecture design, will be discussed in the next section. 

Step 1.   The new user downloads a registration document served by the CRS-WS (Figure 3). This document   has information about the existing users in the group. Once the user selects to join the group, she receives a two-frame web page. One frame of this web page is visually hidden from the user and contains an embedded applet along with a parameter containing the URL of the current document, http://www.site/doc0.html, being viewed by the group. The browser downloads the applet and runs it. First,  the applet  registers  itself with the RS.  Note that the RS and WS has to be on same host because  the browser Java security environment  does not allow the applet to communicate to any host other than the host from where it is downloaded. The applet registration process involves informing the RS that it is active and the port number at which it will be listening. The RS receiving this information updates its table of active Web browsers in the session (Figure 4). Second,  the Java applet downloads the current document being viewed by the group in the second frame.  Recall  that the URL of the current document is passed by the RS as one of the parameters of the embedded applet. The Java applet remains active until the user leaves the co-browsing session. As we always download the new document in the second frame we keep the applet alive.  (Note that the applet will stop running if a new document is loaded in the main window. We discuss this issue in the next section. )

Step 2.  Now consider that User-1 clicks on a link that points to the URL "http://www.some.site/doc1.html".  The User-1 browser  sends the request  to the proxy server, which performs the following two functions (Figure 5).

 (i) Makes connection with the host "www.some.site", gets the document "doc1.html",  and sends it back to the User-1 browser. It also caches the document for further distribution. 

(ii) passes the requested URL along with the requested Web browser information to the RS.  
Step 3.  The RS on receiving information from the CPS, sends the URL "http://www.some.site/doc1.html" to the applets running on User-2 and User-3's Web browsers (Figure 6). Note that the RS does not send the URL information to the browser that originated the request. The applets, on receiving the URL information, issue a request to their respective browsers to load the new document in the second frame. 

Step 4. The User-2 and User-3 Web browsers send the request for "http://www.some.site/doc1.html" to the CPS. The CPS serves these requests from its cache.  These requests are not forwarded to the RS. 
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Figure 3.  A new user requests the registration document for joining a co-                               browsing session
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Figure 4.  An applet registers with the registration server. The Registration server updates its table of active Web browsers in the co-browsing session.
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Figure 5.  User-1 requests a new document http://www.some.site/doc1.html. The CPS fetches doc1.html for User-1 and also sends the requested URL information to the RS.
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Figure 6.  The RS informs applets running on User-2 and User-3's Web browsers of the new document request. 
3. Design and Implementation issues

To build a working co-browsing system, we need to address the following design and implementation issues:

· What happens if a user in a co-browsing session loads a complex HTML document that requires multiple HTTP requests by the browser?

· What happens if multiple users in a session concurrently try to load different documents?

· What happens if a user clicks on a link with the target set to the main browser window?

· What happens if one of the browsers is on a slow machine or on a slow network connection?

For a full discussion of these issues, please refer to [12] . 

4. PROTOTYPE

The current prototype implements a single group architecture. The prototype system was designed using the Java 1.0 development kit and is currently being updated to Java 1.1 in order to take advantage of any performance increases and additional features the new JDK might offer. Java is the language of choice for the Central Proxy Server and Central Registration Sever because it is platform independent. Implementation details for the two major components of the prototype follow. We assume that the reader is somewhat familiar with Java language terminology. The detail implementation of the Central Registration Server, and the Central Proxy Server are discussed in [12].  

5. CONCLUSION

In this paper we proposed a co-browsing architecture which allows a group of users to surf the web together. The proposed architecture works with any graphical web browser which supports Java applets. The users may potentially be geographically separated and working on different platforms. We demonstrated our system by building a singe group architecture which is able to support a co-browsing session for 100 users at any given time. We speculate the possibility of implementing a scalable hierarchical-group architecture.

We plan to add features such as asynchronous support. A user will be able to create a scripted tour of several Internet sites and register this tour with the proxy server. Students can then access the series of WWW locations in the path determined by the user. We intend to support annotations for the pages placed in a tour. An asynchronous collaborative ability will facilitate the creation of reusable courseware materials. It also allows greater flexibility for large groups of students working together whose respective time constraints (work, parenting, etc.) would otherwise prohibit traditional collaborative methods. Once the complete Java Media APIs are available, we intend to integrate audio with the co-browsing architecture. This feature will enable co-browsing participants to have simultaneous audio and web browsing potentials. We also plan to use the “hands-free” audio facility of IRI to work with the co-browsing. A “hands-free” group audio uses silence detection, audio mixing, and distribution to a group.
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