Mawl: Integrated Web and Telephone Service Creation

David Atkins, Thomas Ball^* Thomas Baran, Michael Benedikt, Kenneth Cox, David Ladd^y, Peter Mataga, Carlos Puchol, J. Christopher Ramming^z, Kenneth Rehor, Curtis Tuckey

Bell Laboratories

      mawlers@research.bell-labs.com
http://www-spr.research.bell-labs.com/¸mawl/

March 4, 1997

Abstract Mawl is a language and compiler for programming form-based services in a deviceindependent manner. PML is a markup language and middleware for controlling and programming various interactive voice response (IVR) platforms using standard web infrastructure. The combination of Mawl and PML allows the creation of interactive services that users can access via a web browser or telephone. The ability to create such services in a single environment appears to be unique.

The Mawl language separates the specification of service logic from the specification of the user interface to be presented on a device. As a result, one can easily code a service that is accessible via a web browser and with minor modifications to only the user interface specification, make the service accessible via an IVR platform. Mawl draws on the principles of application language engineering to facilitate not just service creation but the entire software development life cycle, improving a service provider’s ability to develop, monitor, analyze, administer, and modify form-based services.

The Phone Markup Language (PML) is a language and an architecture that enables telephone access to web services and the easy creation of IVR services using the web paradigm. The PML language is a dialect of HTML specialized to describe content for interpretation over a telephone. HTML or PML documents are served over a telephone by standard IVR platforms (or audio processing nodes); as in the hypertext model, the documents themselves may reside on any web server in the network, or may be dynamically generated. The PML middleware takes care of the tasks of fetching documents from the Internet and instructing audio processing nodes to “play” them. As a result, to program an IVR service, a program- networdescr usr(e)age mphoneb(mg(aseranguageeg(and)h(middlew)n(anguag)3ulW)-11ge)h(Ingsks)e(ofd23ilsML)g(sp)ks net or mR easy302ticulWriblecehsing nodes to 1d426y commands (C3) back to the APN to convert text to speech, collect touchtone signals, and so on. As a result of this interaction, the PML interpreter may fetch and play another document.

3.2 A User Interface for Telephone Access to Web Content

The PML interpreter supports two distinct modes of user interaction: a browsing mode in which the user has a set of commands similar to those found in graphical web browsers, and a service mode in which the user is always presented with a menu of choices.

Browser mode is the default when browsing HTML content that does not have enough structure to be presented in a hierarchical manner. In this case, the PML interpreter breaks the HTML page into paragraphs and reads the document in a linear fashion. The user has the capability to search and move around within the document, list the links on a page and visit a link, go back to a previous page, and so on.

Service mode is used when the document is a PML document or the HTML has certain structure. In this case, the user has the illusion of an IVR service; the fact that the user is actually browsing a page from the web is hidden. Figure 5 shows an example of a wellstructured HTML page that the PML interpreter can read in a hierarchical manner. It first reads the top-level h1 mark (“What do you want to hear today?”) and then presents a choice of the three h2 marks (“Press 1 for Mawl Services, 2 for Web Pages”) to the user. Suppose the user selects “Mawl Services.” At the level of links, the user would again be presented with a menu of choices (“Press 1 for the Lunchbot, 2 for the BookBot, 3 for the BulletinBot”). Choosing one of these links would cause the PML interpreter to access the web service, thus retrieving another page to read.

<html><head><title>Top level</title></head>
<body>

<h1>What do you want to hear today?</h1>

<h2>Mawl Services</h2>
  <ul>
   <li><a href="..."> The LunchBot </a>
   <li><a href="..."> The BookBot </a>
   <li><a href="..."> The BulletinBot </a>
  </ul>

<h2>Web Pages</h2>
  <ul>
   <li><a href="http://www.lucent.com"> Lucent Technologies Home Page </a>
   <li><a href="http://www.yahoo.com/"> Yahoo’s Home Page </a>
   <li><a href="...">New York Times Front Page</a>
  </ul>

</body></html>

Figure 5: An example of an HTML page that can be read in a menu-oriented fashion by the PML interpreter.

3.3 Language Support for Telephone Presentation

The previous example might lead one to believe that HTML itself is sufficient for constructing IVR services. However, our experience has shown that to produce acceptable interactive voice response services with a minimal amount of telephone-specific code, it helps to have additional marks for describing how structured documents should be presented over the telephone. This is primarily because graphical user interfaces and textual (tty) user interfaces have “screen memory” to guide users through complicated logic and remind them of their choices. An audio user interface like the telephone is memoryless in this sense, and so more has to be built directly into the document in terms of markup.

The Phone Markup Language is an extension of HTML that has special marks for the telephone interface. Just as with HTML, a PML document can be retrieved by any browser that requests its URL. For example, here is a fragment of PML that specifies how many times to replay a menu selection (3) if the user does not respond in time (30 seconds). The example also includes a prompt to be read if the user makes an illegal selection (“Please choose again”).

<h2 timeout=30s retries=3 error="Please choose again.">Mawl Services</h2>
  <ul>
   <li><a href="..."> The LunchBot </a>
   <li><a href="..."> The BookBot </a>
   <li><a href="..."> The BulletinBot </a>
  </ul>

PML also includes markups to control call processing capabilities on the APN, if available. For example, a mark can be used to direct the APN to place a call.

4 Applications

A crucial part of our technical plan is to build applications that test our technology, inspire new research, and provide value to Lucent. The feedback from prototyping realistic applications continues to be a critical component of our research effort.

¿ Intranet Tools. The BookBot, LunchBot, BulletinBot, and PostBot are examples of departmental services in daily use at the Software Production Research Department. We use the BookBot to order books from a variety of sources and to track the orders. The LunchBot allows members of the department to order meals for our weekly department luncheons (see Sidebar A). The BulletinBot allows individuals to administer their schedules through the web, and lets others inspect them by web or telephone. The PostBot is a telephone interface to the Post database. The service allows users to enter an employee’s name using touchtone or voice signals, then reads the number and connects the call, if desired.

¿ The Internet Slide Show is a service based on the web and telephone-conference hardware.

This service allows presenters to build a presentation using Microsoft Powerpoint, then present it to a geographically disparate group using the web and the telephone. Part of the voice-response component of the service allows participants who do not have computers to call and confirm their attendance, and request that the slides be faxed ahead of time. This work was originally done in collaboration with the AT&T Commercial Markets and Mobility Concepts District in Bridgewater, New Jersey.

¿ 5ESS-2000 Switch Customer Documentation and Training Process. We have written an in-process decision support service in mawl that directs users through a sequence of interactions, and coordinates their actions with others in the context of an extended work-order transaction metaphor. The service is being used initially by systems engineers, feature designers, and testers in the course of software and documentation development processes. The same mawl platform can potentially be used to direct 5ESS-2000 switch customer technicians through procedural steps in the customer documentation for operation, administration and maintenance tasks on the switch. Basic features of the interface are implemented in mawl and are already part of the official product development process. This work was done in collaboration with the CD&T Requirements, Process, and Tools Group at Indian Hill.

¿ Browse-by-phone. In addition to making mawl services accessible by telephone (IVR mode), our PML interpreter provides a state-of-the-art phone browser for HTML pages anywhere in the web (browse mode). The browser consists of PML-interpreting software together with an application programming interface (API) for PML that has been implemented on both Dialogic and Conversant hardware. This browser presents content to users either by playing audio files or converting text to speech, and collects input from users by recognizing touchtone signals and voice. Touchtone signals are also used for the typical browser operations. The marks associated with HTML are parsed and interpreted appropriately.

5 Related Work

The explosive growth of the web and the emergence of its commercial potential have spurred many efforts to make up for the shortcomings of the web infrastructure for complex services. Mawl by itself may be compared to a variety of web service creation technologies. Most of these technologies were conceived of as tools for web service construction only, rather than as environments for supporting all phases of the software life cycle. While general-purpose programming-language support, such as provided by C++ or JAVA, helps enable the creation of service architectures, these languages do not address the problem of what such an architecture should be. In addition, once a particular architecture is defined, there are many benefits to having application-level support for enforcing and supporting this architecture, as we have discussed.

¿ CGI libraries. Libraries for the languages commonly used to write CGI “scripts” (e.g., C, ksh, tcl, perl) [Mal94] provide basic facilities for form parsing and dynamic generation of HTML. Solutions to the problems of state maintenance and concurrency usually must be constructed by hand.

¿ Extending HTML with general-purpose programming constructs. A common approach to the generation of HTML documents with dynamic content is the embedding of fragments of code executable on the server. Recent examples are WebThreads [Thr] and Netscape’s JavaScript [Net]. Mawl’s use of MHTML is superficially similar to these examples, but dynamic content is provided by separate service logic rather than embedded code.

¿ Elaborations of CGI. Netscape’s LiveWire programming environment combines scripting and HTML code embedding, and adds support for persistent state with predefined dynamic session data objects. However, it still adheres to the CGI request/response paradigm, encouraging intermingling of HTML with scripting code.

In these examples, service logic and presentation are intermingled. As a result, the logic of services written in this manner must be inferred from the link topology of the dynamically generated HTML. We have shown that separating these two aspects of a service makes static analysis of the service possible, as well as multiple-interface access to service. Such capabilities is difficult, if not impossible, to achieve in the services constructed with these other tools.

¿ Client-side enhancements. The advent of sophisticated client-side interfaces (in particular Java-capable web browsers [GM95]) allows web services to run on the client. However, for many interesting services, the client must still interact with a server. For complex services, the programmer is left with the task of managing this client/server interaction. This suggests that client-side capabilities are in some sense complementary to mawl. The recent introduction of Java libraries that permit applet/browser/plugin communication within Netscape makes it straightforward to embed applets that support mawl’s arbiter paradigm.

¿ Distributed processing environments. A number of efforts are afoot to mask or replace the web infrastructure with one that supports truly distributed applications. Examples are Java/CORBA, Java Remote Method Invocation, ActiveX, various server APIs, ‘Web File System’ proposals, and Inferno/Limbo. These technologies will provide some of the advantages that mawl offers, and more. However, many of the issues of service design addressed by mawl remain to be dealt with. Moreover, mawl can easily be retargeted to produce implementations based on these environments.

PML provides capabilities that can be used for traditional IVR applications, but there is a range of existing technology that combines phone and web in some fashion:

¿ Web browsing by phone. Commercial products (e.g., Netphonic’s Web-on-Call) exist that support a telephone interface to web pages. The idea of extending HTML to include phonespecific markup in the style of PML has been proposed by Stylus, and used to support their version of a phone browser. PML supports these uses as well and also provides a convenient way to develop enhancements on top of these basic capabilities. Furthermore, the combination of mawl and PML provides enhanced service programming possibilities not found in existing products.

¿ Web control of telephony. There are several applications within the Company and outside that provide ‘click-to-dial’ call control from within a web service. Mawl has been used in an application involving audio conference control, as noted above, and can take advantage of back end and browser technology in the same way as any other web application. The incorporation of packet telephony with the web is the focus of research and development within the Company and outside. Mawl does not provide direct support for web browser telephony, though the PML platform will soon support playing and recording audio streams.

¿ Service creation environments. There are a number of graphical IVR service creation environments available. While some provide limited web facilities, none supports full web/phone service creation. The abstractions introduced by mawl are precisely those that one would want to capture in such a tool.

These examples show that there are existing pieces of technology that functionally overlap with mawl and PML. However, the mawl infrastructure provides a unique integration of these capabilities, together with the development and maintenance advantages that application language engineering provides.

6 Current Research Activity

Mawl’s flexible architecture allows service specification and user interface issues to be investigated by quickly building prototypes and implementing language and platform features. In this way mawl provides an environment for doing research on interactive services. Some of our current research activities are as follows.

¿ Enhanced session state and data management. The Mawl Storage Server will manage all persistence storage needs for mawl-generated services. This will simplify storage operations for services by providing a protocol by which services communicate with the storage server. The Mawl Storage Server will give mawl programmers transparent access to standard database back ends, thus simplifying service logic code. The modularity of the architecture allows future enhancements to address issues of scalability and reliability.

¿ Service analysis. The mawl compiler has a logging option that collects statistics about how mawl services are used. We have developed Java applets (see Sidebar B), based on visualization technology from within our department, with which service providers can analyze usage statistics for their services and identify design or performance issues.

¿ Telephonic features and services. The PML language and interpreter permits the rapid construction of simple IVR services such as information inquiry and voicemail. We have added primitives to PML for incorporating telephonic features such as speech recognition, transfer, bridge, and conference, and we are working to incorporate other features, such as streaming audio, into mawl-based telephone services. The Conversant PML platform, currently implemented, provides a stable environment for constructing large-scale web and telephone services with call processing features, and will permit experimentation with new service specification languages and other sorts of interactive telephone services, such as call centers.

¿ Interface-independent programming. A goal of mawl is to allow service programmers to program in an interface-independent manner, insofar as that is possible. In some cases, the service logic may be independent of the user interface. Mawl supports this case transparently. In other cases, it is not realistic to expect identical service logic for different user interfaces; the sparseness of the telephone interface, for example, may preclude user interactions that the web interface permits. The goal of completely shared service logic raises many research issues related to the display of structured information using an audio interface. We will continue to incorporate research results on smart interpretation of HTML into the PML interpreter.

7 Summary

Mawl and PML provide a comprehensive solution for building complex services that are accessible via the web and the telephone. The mawl compiler and infrastructure make it easy to construct important classes of application that are difficult to create using “traditional” web programming approaches. Furthermore, mawl’s architecture and session abstraction support the goals of service monitoring and administration. The trend toward moving our internal and external business processes to the web will continue to be a rich source of potential applications.

8 Acknowledgments

We would like to thank the following people for their support and assistance in the mawl effort: Jim Coplien, Dan Feistamel, Alan Hastings, Tom Jacobs, Lalita Jagadeesan, Konstantin Laüfer, Cecilia Mak, Eric E. Sumner, Jr., Ian Sutherland, Natasha Tartarchuk, and David Weiss.

References

[BL95] T. Berners-Lee. Hypertext transfer protocol (HTTP/1.0). Working Group of the Internet Engineering Task Force, October 1995.

[BLC95] T. Berners-Lee and D. Connolly. Hypertext markup language (HTML 2.0). Working Group of the Internet Engineering Task Force, August 1995.

[CBR96] Kenneth C. Cox, Thomas J. Ball, and J. Christopher Ramming. Lunchbot: A tale of two ways to program web services. Technical Report BL0112650-960216-06TM, Lucent Technologies Bell Laboratories, 28 February 1996.

[GM95] James Gosling and Henry McGilton. The java language environment: A white paper. Technical report, Sun Microsystems Laboratories, 1995. available at URL:http://java.sun.com/whitePaper/javawhitepaper 1.html.

[LR95] D. A. Ladd and J. C. Ramming. Programming the web: An application-oriented language for hypermedia service programming. In 4th International World Wide Web Conference, 1995.

[MA91] D. B. McQueen and A. Appel. Standard ML of New Jersey. In Proceedings of the 3rd International Symposium on Programming Language Implementation and Logic Programming, pages 1–2. Springer-Verlag, 1991.

[Mal94] John C. Mallery. A common lisp hypermedia server. In First International WWW Conference, 1994.

[Net] Netscape.

http://home.netscape.com/eng/mozilla/3.0/handbook/javascript/index.html.

[Thr] Web Threads. http://www.webthreads.com/.

A Sidebar: The LunchBot

We use the LunchBot to order meals for our weekly department luncheons. An administrator selects a restaurant and notifies department members of the choice. The members then inspect the restaurant menu and place their orders. Orders are faxed to the restaurant a few hours before noon. When the food is delivered, customers are notified.

This service was originally performed manually. Customers inspected paper copies of the menus and gave their orders to the department secretary, who compiled and faxed the order, and accepted delivery. The secretary also kept accounts. This approach was practical when only a few people were involved, but as the department grew it became unwieldy. Automating many of the tasks involved was the next logical step.

Figure 6: High-level service logic of the LunchBot. Rectangles represent HTML pages.

This led to the creation of the first web version of the LunchBot [CBR96]. This service was implemented in a “tools-based” manner for execution through the common gateway interface using awk, shell, and other Unix utilities. While this service functioned well, it was difficult to maintain. This is a common characteristic of tools-based programs: although a collection of originally unrelated tools can be orchestrated to work together, the resulting architecture is often fragile and confusing.

The LunchBot was re-implemented in mawl shortly after mawl was developed. Figure 6 shows the high-level design of the LunchBot, as depicted by relationships between LunchBot pages. The service first presents a “login” page in which the user selects either a customer account or the administrative account. The user is then presented with a main page which presents the available functions as links. Figure 7 shows a screen snapshot of the main page. The contents of the main page depend on the user’s account (customer versus administrator) and the current state of the LunchBot (e.g., whether or not it is open for business). The user selects an action and is directed through a series of pages. After the action is completed, the main page is shown again.

The resulting “language-based” (mawl) version of the service has more features than the tools-based version, and is easier to maintain and enhance. For example, once the web version was up and running, a telephone-enabled version of the LunchBot took very little time to construct. Another example of enhancement is dynamic logging, which has yielded useful visualizations. See Sidebar B for an analysis of how people use the LunchBot.

Figure 8 shows the two implementations at the code level. The mawl version is on the

Figure 7: Screen snapshot of the main page of the LunchBot.

left, and the tools-based version on the right. Each file is represented by a rectangle, with one horizontal line for each line of the file. The lines are color-coded to indicate whether they are part of the service logic or the interface (e.g., HTML templates). The clean separation of service logic from interface layout in the mawl version on the left contrasts sharply with the intermixing of the tools-based version.

B Sidebar: Service Analysis

While there are many tools for the construction of web sites and dynamic web services, most of these tools lack support for a crucial part of web service maintenance: the analysis of how people access a site or use a service. For example, one might want to restructure a service in which users are forced to take many steps to perform a common task into a service in which this task is done in a single step. By identifying patterns of user access, providers can find ways to improve their services.

The mawl compiler has a logging option that compiles sessions that automatically track their usage. For each page generated by the session, the log records the unique session identifier, the page name, the time requested, and other information. This log is available through the web for analysis. In particular, mawl provides a Java applet called PathView, illustrated in

Figure 8: A global overview of the source code of the language-based (mawl) LunchBot (left) and the tools-based LunchBot (right). Lines are colored to show whether they are part of service logic (green) or interface (red).

Figures 9 and 10, for exploring logged data. A sequence of user interactions with a web service is naturally expressed as a path through an information space of pages. As users explore a site or interact with a service, each creates a path. PathView enables analysis of the set of user paths in conjunction with other page-oriented statistics, such as time spent on each page, time of day, and so on.

Figure 9 shows four statistical views of the PathView applet applied to the LunchBot. Our department luncheons are typically on Fridays. The “WeekDay” bar chart in the upper left-hand corner shows that the LunchBot is used most on Thursdays and Fridays (days 4 and 5) every week. The “Hour” bar chart shows LunchBot usage by hour, with Friday’s usage highlighted. The highlighted hourly distribution for Friday clearly dominates the overall distribution. Not surprisingly, the major use of the LunchBot occurs Friday morning, just before the LunchBot closes and lunch is ordered. The views in the upper right, lower right, and lower left show associated session-level, page-level, and temporal statistics, respectively. All of these views are linked so that selection in one view is reflected in the other views.

The statistical views shown in Figure 9 are linked with the visualization shown in Figure 10. In this view, the x-axis represents the pages served up by the LunchBot and the y-axis shows time steps. Each user creates a path through the graph. The large peak represents the sequence of pages served up when users order a meal and confirm the order. The smaller peak represents users visiting the “listOrders” page, which shows all the accumulated orders for open events. As the picture shows, some people first order lunch and then list orders, while others list orders (presumably to see what the popular menu items are) and then order lunch. The latter pattern suggests a useful new service option: when users order lunch, present the top five items ordered in the last month.

Figure 9: PathView, an applet for service analysis. PathView uses interactive visualization to enable service providers to explore user interactions with a service.