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ABSTRACT.  Context-aware communications applications rely on detailed knowledge of people’s contexts to facilitate specific types of communication. An important element of a person’s context is his or her current presence status. Since Web browsers are universally deployed across user computers and devices and have turned into the client software of choice for many user activities, from information retrieval to downloading multimedia content, Web browsers can make excellent collection endpoints for user presence information. In this paper, we present our client-side browser-based architecture Argus that gathers detailed user presence information through a Web browser, communicates the data to context-aware communications applications, and allows such applications to act on the collected presence information by quickly conveying information to users through their browser software. We show how our client-side architecture, in conjunction with context-aware communications applications, can accelerate and improve decision-making in an enterprise while introducing a new level of convenience to users when establishing communications in responding to enterprise events.

INTRODUCTION.  

Suppose a group of managers in a large and geographically distributed enterprise is on a conference call that deals with the breakdown of a vital assembly line in one of the enterprise’s factories. The topic of the discussion is the possibility of shifting production from the failed assembly line to an alternate assembly line in a different factory. Since this is a technically complex topic, the managers recognize the need for expert advice about the production process in the failed assembly line before making a decision. Suppose also that the enterprise has deployed a middleware for executing context-aware communications applications and that one of these applications is an expert finder application. An example of such a middleware is Mercury, an enterprise communications middleware developed at Avaya Labs Research. In the case of Mercury, the moderator on the manager conference call would invoke the expert finder application through a Mercury user portal where he or she supplies the desired criteria for finding an expert such as the required expertise, language, preferred communication modality (e.g. voice or instant messaging), desired time window for bridging the expert into the ongoing discussion (e.g. “within 10 minutes”), and a brief description of the discussion topic. A crude expert finder application could simply invite all matching enterprise associates to join the discussion, request a confirmation from each one, and ultimately select the first associate who confirms that he or she can participate in the manager discussion. However, there are severe problems with this simple idea:

1. Invitation modality: if the expert finder application picks a statically defined way of communicating the invitation to an associate there is a good chance that the invitation does not reach its recipient within the desired time window. For example, if the application, based on an associate’s communication preferences or through a hardwired decision in the application, conveys the invitation to the associate by office phone but the associate is actually at a different corporate location at that time, there is a good chance that the associate will not receive the invitation in time.

2. Confirmation modality: if an associate is forced to change communication modalities to provide the requested confirmation to the expert finder application, delays and inconvenience for the associate are introduced. For example, the invitation might be a voice message but the confirmation has to be given by logging into a user portal. In the worst case, the associate might not have access to the communication modality that is required to deliver the confirmation.

3. Communication volume: if associates are frequently identified as targets of the expert finder application or other communication applications, the associates have to consistently deal with a potentially large number of requests even though each associate might only rarely be chosen as a communication participant. Having to deal with a large volume of communication requests from applications is a productivity-decreasing nuisance and may ultimately deter people from responding to communications applications altogether.
4. Scalabality: Disseminating a large number of invitations and digesting a large number of confirmations can result in scalability problems in the expert finder application or the underlying platform. 
From this set of problems we can infer a list of desiderata for the expert finder application when sending out invitations and requesting confirmations:

· Invite only associates who are currently present.

· Send each invitation to a communication endpoint that the intended recipient is likely to have access to at this point in time.

· Request confirmation through the same endpoint. To accelerate and facilitate the confirmation process and avoid user errors, it is desirable that a confirmation is some kind of executable dialog that the application can transmit to the endpoint, that the endpoint can render, that the recipient can respond to, and that the endpoint can finally send back to the application with the user answers to dialog questions included.

Our system Argus attempts to address these issues specifically for Web browsers as endpoints. In the following sections, we will describe the ideas behind Argus, its architecture and implementation. For illustrative purposes, we will refer back to the expert finder example.

THE ARGUS APPROACH. 

Communication Endpoint Presence and Dialogs.

In the example of the expert finder application, the notion of communication endpoint presence is crucial for the effectiveness of the application and so is the ability of endpoints to receive, render, and send back dialogs. If the expert finder application ascertains that a user is present on a specific communication endpoint it not only knows the user is present but also how to convey an important piece of communication to the user in a timely and convenient fashion provided this endpoint can receive and render such communication at this point in time. If, in addition, this endpoint allows an interaction (dialog) between the user and this piece of communication the recipient does not have to change modalities to provide feedback to the application and feedback can be quickly and conveniently provided as answers to a scripted dialog, e.g. in the form of clicking buttons in a text-based dialog or speaking simple answers to questions rendered as speech. As a consequence, the time between launching the expert finder application and identifying the expert who will assist the managers can be minimized and much tedious, manual work can be avoided for all involved parties. 

In general, we can conceive of many scenarios where context-aware applications greatly benefit from collecting detailed communication endpoint presence information as part of users’ contexts and from being able to act upon this information by sending dialogs to present users through their endpoints. The endpoints render the dialogs, allow users to interact with the dialogs by supplying answers to questions in the dialogs, and finally sending back the filled dialogs to the context-aware applications. The flow of communications between context-aware communications applications and users and back is accelerated, leading to faster decision-making especially in large, globally distributed enterprises where associates have varied and specialized skills and expertise, where collaboration is essential to fully utilize the available human assets, and where diverse communication modalities with a wide range of communication endpoints are in use, from video conferencing to instant messaging to various types of voice communication technology (POTS, VoIP, wireless, etc.).
The more communication endpoints a context-aware communication application can use to retrieve user presence information and to render dialogs on, the more it can refine, optimize, and accelerate its communications decisions. Since Web browsers are universally deployed across user computers and devices and have turned into the client software of choice for many user activities, from information retrieval to downloading multimedia content, Web browsers can make excellent collection endpoints for user presence information and clients for rendering dialogs. 

Expert Finder Example, Revisited.

Suppose we could add software to a Web browser that gathers information about when a user is present on the browser and suppose we could equip the browser with software that can receive, render, and returned filled dialogs to the context-aware communication application. Then, we can recast the expert finder scenario above from the point of view of one specific user, Alice, as follows. Alice happens to be an expert on the production process on which the broken down assembly line relies. She is currently reading the corporate newsletter online through her browser. Some time ago, her browser notified the corporate platform that runs the expert finder application that Alice is now present on her browser. The expert finder application has access to skill and expertise descriptions in an enterprise directory and identifies Alice as a present expert on the production process. The expert finder application sends a text-based dialog to Alice’s browser. While Alice is reading the corporate newsletter, her browser pops up a window that renders the dialog. The dialog displays the input parameters for the expert finder application as supplied by the initiating manager, including the brief problem description. The second part of the dialog asks Alice to either decline or accept participation in the managers’ discussion within the next 10 minutes by either pushing a decline or accept button on the dialog form. Alice pushes the accept button indicating her availability for consulting with the managers and her browser sends her response back to the expert finder application. Since Alice is present on her browser and the location of the browser is in her office, the expert finder application can, for example, initiate a voice call to Alice’s desk phone and thus bridge her into the manager conference.

A Client-Side Architecture for Presence Gathering and Dialogs.

Argus is our client-side architecture that supports the above expert finder application. Argus enables detailed presence collection through an off-the shelf browser and rendering of multimedia dialogs inside browser windows for collecting user feedback as requested by context-aware communications applications. We present Argus in the following sections. In the discussion, we assume that Argus is connected to a platform such as Mercury that executes context-aware communications applications.
SYSTEM OVERVIEW.  The high-level challenges that the system needs to address are:

1. Presence Support. Unlike some other media, like for example Instant Messaging (IM), web browsers do not inherently support user presence collection and propagation. The browser should be able to collect and monitor user activity, and report it periodically to the enterprise communication middleware.

2. Middleware-User Interaction. The system should be able to use recent availability information to inject and render communication messages into the browser and should allow the user to send responses to middleware. In general the system should provide a simple, extensible structured primitive for this interaction.
Traditionally a web browser enables a user to display the contents hosted by the web server. The contents maybe ordinary html documents, multimedia information including sound and video. In addition it also lets user send information through html forms, to web servers. 
To enable the middleware to make informed decisions, one of the basic challenges the system has to address is designing and incorporating the concept of presence for browsers. At the very least, this means sending information like ‘whether the user currently is in an active web session’ to forward the current user activity. Web-presence thus aims to extend the “status” indication in Instant Messaging (IM) for web browser such that current user activity can be reported. We note here that, the mechanism we provide is general enough to be applied easily to other communication modality, as we will describe in the following sections. We henceforth use the term ‘application’ to mean all such modalities.
The middleware uses presence information to inject communication message(s) into an ongoing web session, in response the user may wish to respond to the above message. More than one messages may be sent, which have to be rendered in a piecemeal fashion to the user. A naïve approach would be to host a server on the middleware side for individual user interactions. However, we would then have to maintain state information for each session, since more than one messages may be sent by the middleware. Multiple users maybe using the same machine further exacerbating the problem. A more scalable approach would be to use a local proxy for each physical end-point, serving to all the active application sessions on the 

endpoint.
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Figure 1. Argus: System Architecture
Figure 1 shows the overall system architecture. The machine agent acts as a broker between communication agent and the middleware. It provides the state management for multiple active sessions on a single endpoint. The communication agent is embedded into the application. It is responsible for presence data gathering and rendering XML data sent by middleware. We describe the system in greater detail next.
1. The presence collection and propagation functionality in the application has been implemented as an extension. The extension mechanism is an easy, modular and platform-independent way to extend the user interface of the browser. The user interface of the extension is specified using the XML User Interface Language (XUL). It provides a set of powerful widgets for creating rich, dynamic user interfaces, and has been used to implement the entire user interface of the Mozilla browser. The design of extension is event driven, the actual functionality that defines the browser behavior is implemented using JavaScript.
The communication between proxy server (at machine agent) and browser extension is implemented as an Asynchronous JavaScript and XML (AJAX) application. Note that the interaction includes the HTTP messages, which send presence related information to server and XML data sent by server in return. Such interactions however, use asynchronous data retrieval and posting, making the user transparent to the underlying activities.

Figure 2 shows communication agent using AJAX components for server interaction. A user action in the browser triggers an event and corresponding handler (JavaScript) is called. The activity in turn might be a periodic presence information propagation event which has to be sent to the server. The AJAX engine does
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Figure 2. Using AJAX for communication with Proxy Server
the conversion from JavaScript native call to an HTTP request for the proxy server. Once the server request is created, the control is returned to the event loop to handle further events. In other words AJAX engine takes care of the asynchrony for extension the mechanism.
Every new instance of the browser starts a new session with proxy server. Beginning every new session, the associated communication agent starts gathering presence information. This includes current status i.e. whether the user is ‘active’ or not, the current content being displayed, if the user is accessing a multimedia file etc. This information is sent periodically to the middleware, through proxy server using asynchronous routines explained above. In addition, the middleware might send XML data, which is rendered to the application using the extension mechanism. 
2. Middleware-User Interaction.  The communication agents described in the above section are stateless, to keep their design simple. The session information for all the active sessions on a particular physical endpoint is maintained at the Machine Agent. It acts as a broker for all the interaction between the middleware and context aware applications. The machine agent functionality is implemented in the following sub modules:

1. Proxy Server. Connections management and session management is implemented at the proxy server. The application instances see server an ordinary HTTP server, and send the requests to it. At a browser session instantiation, the server establishes a new connection with the middleware and associates a reference with this connection. Once the connection is established, the application periodically sends the presence information to proxy, which forwards it to the middleware. In addition, every connection subscribes for data generated for it. After sending presence data, the server also check for the availability of any interaction messages (in the form of XML data) for that specific connection and if available, propagates it to the concerned session.

2. Web Services Client. For our implementation, we use the web service hosted by the middleware to finally interact with it. It is a simple Java application used to invoke web service methods as shown in Figure 1. Although we have used a specific middleware for integrating our client-side architecture, the middleware needs to expose a uniform well defined interface, i.e. a Web Service, that Argus uses for interaction.
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Figure 3. A scenario that can be supported by Argus
3. Device Agent. The device agent is used for propagating end-point capabilities to middleware.  An endpoint is defined as the actual hardware being used to communicate, for example a hand-held device. Characteristics of the endpoint being used for communication have to be dynamically propagated to middleware. These include, for example battery life remaining, keyboard support, type of network interfaces, type of machine and processor on the machine etc. Such specific information about the end-point enables the middleware to choose the most appropriate modality at any point.

Figure 3 shows a scenario supported with Argus functionality at the client side. User Alice, an expert on web services, is currently in a web-session, on a handheld device. The communication agent periodically reports the user activity and checks for interactions for the current session. In addition, the machine agent reports the hardware information, like for example, the keyboard information, battery status, etc. to Mercury. User Bob wants to find an expert on web services. Mercury determines that user Alice is active and is in web session. However, based on the hardware information, it infers that this endpoint, i.e. the handheld device, may not be able to support text-based conferencing. It then tries to establish communication through an alternate modality for this user. The Argus thus enables more informed decision making, by providing dynamic endpoint capabilities to the communication middleware.
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