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resources ( such as a keyboard 28, Mouse 29, touch screen, microphone/speaker 31 and DTMF
32) are performed via a conventional drivers/API layer 22.

The CVM system 15 further comprises a communication stack 19 for providing network
communication via conventional protocols 20 such as TCP/IP, HTTP, WAP, etc. The
communication stack 19 further comprises conversational protocols 21 (or distributed
conversational protocols) which are utilized for distributed applications. As described in the
above-incorporated IBM Docket No. Y0999-111P, the conversational protocols (or methods) 21
include protocols for (1) discovering network devices and applications that are “conversationally
aware” (i.e., that speak conversational protocols); (2) registering conversational capabilities
(resources) such as conversational engines and arguments between network devices; (3)
negotiating network configurations (such as master/slave, peer-to-peer) based on registered
conversational capabilities; (4) exchanging information to coordinate a conversation between
network connected devices such as information regarding the state, context and history of a
dialog, conversational arguments, applets, ActiveX components, procedural objects, and other
executable code; and (5) speech coding protocols to transmit and receive compressed speech
(waveforms or features). These conversational protocols 21, as well as their role for providing
conversational coordination between networked devices is also disclosed in the patent
application IBM Docket No. Y0999-113P, filed concurrently herewith, entitled “System and
Method For Providing Network Coordinated Conversational Services,” which is commonly
assigned and incorporated herein by reference.

It is to be understood that the engines 23 and I/O resources 27, conventional drivers/APIs
22 and audio subsystem 33 illustrated in Fig. 1 are components that are part of the underlying
device, machine or platform on which the conversational browser 11 and CVM system 15 are
executed. It is to be further understood that the conversational browser 11 and CVM system 15
can be provided as separate systems or, alternatively, the conversational browser 11 can be
implemented as a stand-alone application carrying its own CVM system 15 (in which case the
browser and CVM platform would be the same, i.e., indistinguishable entities). In addition, in
the absence of a CVM system 15 as specifically described above, it is to be understood that the
conversational browser 11implements functions that are similar to that discussed above for the
CVM system 15 (e.g. the conversational browser would make API calls to appropriate engines

locally and/or distributed). Indeed, the API, services, features, behaviors, access to engine and
-12-
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communication mechanisms can all be built directly into, and made part of, the conversational
browser application 11 as part of the features and services provided by the browser (this would
be analogous as having a JVM (java virtual machine) provided by the underlying operating
system to a Netscape browser or having the browser implement its own JVM). In addition, the
conversational browser can take advantage of similar existing services provided by the
underlying operating system and/or applications running in parallel of the browser.

It is to be understood that the transcoder 13 may be part of the conversational browser!1
as illustrated in Fig. 1. Alternatively, as described below, the transcoder 13 may be located in a
network and running, for example, on another machine, conversational proxy server, on a server
of the content provider (server-side), or distributed on various machines in the network. In
addition, the transcoder may be a proprietary application of the proxy server, browser or content
provider. The transcoder should also be able to directly convert other proprietary formats like

screen map of corporate software. The transcoder 13 comprises a functional transcoding module

13a for converting , e.g., an HTML document (or other format page) into a CML

document. Various rules for implementing this conversion will be explained below. In addition,
the transcoder 13 comprises a logical transcoding module 13b which accesses and interprets the
logic information behind the application to build a meaningful dialog. This often requires in
depth information about the application and /or business logic. It can be conveyed with extra
XML or meta information that can define some of these intent. Another method which may be
employed for performing logical transcoding is described in described in the patent application
IBM Docket No. Y099-114, filed concurrently herewith, entitled “Structure Skeletons For
Efficient Voice Navigation Through Generic Hierarchical Objects”, which is commonly
assigned and fully incorporated herein by reference. This application describes how
conversational structure skeletons may be used to encode and transmit logical transcoding
information.

Preferably, the transcoder 35 is a generic, general purpose converter, which is capable of
transforming any transaction form or HTML page to a CML page. With respect to
straightforward dialog like ATM dialog or IVR dialogs, wherein HTML dialog pages with form
filling (HTML or CGI) or ATM dialog (and other 3270 type of screen dialogs) have limited
information or provide limited user choices, the transcoding may be readily formulated in terms

of CML pages. Other complex HTML documents can instead be tagged as CML in the first
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instance on the server side (as explained below) without requiring a transcoder for the
conversion. Indeed, as explained below, in a preferred embodiment, all the content provided to
the conversational browser is directly written in CML without the need for a transcoder or
transcoding proxy, as opposed to generic HTML pages, for instance, being transcoded on the fly
by the browser or a server- side transcoder. Otherwise, basic composition and design rules can
be imposed to simplify the conversion from HTML to CML. For instance, news and
e-mail/voice-mail can be converted by filtering the incoming text with conventional TTS filters
before tagging it with intonation and TTS markup information & la JSAPL. In practice, these
conversion rules can be either proprietary based on the service provider or the object of a
standard. These rules may comprise the following:

1. If the HTML page comprises images, the transcoder will discard the images and
generate the necessary meta information for presenting the image name and comment added (if
any) in the image tag for audibly presenting such information.

2. If the HTML page comprises scripts and/or applets that have no component which may
be presented audibly, the transcoder can generate meta- information for running special warning
messages. The warning has several purposes. For instance, the warning message can inform the
user that the HTML page contains a script or applet. Indeed in the absence of any speech output
provided by the script or applet, the user may never know about the script or applet (as opposed
to a GUI browser where an applet animation is immediately visible). In addition, the warning
message serves to inform the user that he/she may be missing some information/content
contained in the applet that is not capable into being transcoded into meaningful CUI
(conversational user interface) features‘ (this holds true for situations where the applet is written
in conventional GUI languages like Java, instead of being written with the conversational
foundation classes as part of CVM libraries (such as described in the above incorporated IBM
Docket No. Y0999-111P) to incorporate a CUI component.

In addition, meta-information ca be used to synchronize the GUI (visual) side of a multi- modal
browser with the speech side, such as described in provisional application U.S. Serial No.
60/128,081, filed April 7, 1999, entitled “Multi-Modal Shell”, which is commonly assigned and
incorporated herein by reference. According to that invention, even procedural components (like
applets and ActiveX components) can be transcoded into a GUI only or speech only (and

variation of this) based on the capabilities of the device/browser. This automatically solves the
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problem of the transcoding that was inherently coded by the application developer or the author

of the components (foundation classes) the application used to build his procedure.

3. With HTML pages comprising frames, the transcoder can generate meta information

for presenting the frames either by their name first or an index number. For instance, the audio

playback may be "there are 4 frames on this page: frame 1 presents ....." All the frame links and

functions created by HTML and CML can be activated as soon as the entire page is downloaded.

This will allow the frames to be used as a menu. Alternatively, a rule can be applied such that

only the main frame is presented, while the remaining frames are active but not read.

4. HTML pages can be filtered using TTS filters to produce JSAPI markup (or similar

variations).

5. Any hyperlinks in an HTML page can be converted into baseforms, and FSG (finite

state grammar). More specifically, hyperlinks and other commands and input that can be

followed by the user (by voice commands) may be added to an active list of
commands of the browser. This involves adding the vocabulary, the pronunciation
rules of these words when needed (i.e the baseforms) and modifying appropriately

the grammar or the NLU framework / context to support these new commands.

6. Text may be synthesized with different voices for different fonts. However, the

conversational browser can elect not to change the voice.

7. Hyperlinks can be presented with an audio icon (sound, or a different voice, or a

background music).

8. Each hyperlink can also be presented as a hidden menu, which may carry over to the

following pages, if indicated, for exampie, with a <!--CML tag-->.

9. Pull down menus and constrained menus can be automatically converted to dialog

with appropriate vocabulary and commands.

10. Free fields can activate NLU or dictation capabilities. In general, for general

purpose dictation, the speech recognition engine used can be the local default engine of the

conversational browser. Alternatively, for distributed systems (as discussed below), the content

provider can provide a suggested URL of a speech recognition engine if the browser does not

have the necessary capabilities or if the remote speech recognition engine is specifically tuned

for the NLU or dictation application. NLU dialogs with NLU form filling can be performed by

either passing the appropriate URL of the NLU engine as a CML comment tag in the HTML
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languages and foundation classes (i.e. CVM libraries) can be used when the browser is built on
top of CVM (as discussed above). Otherwise, the code and services can be provided by the
browser, the underlying operating system or other applications or services that are available in
parallel with the browser.

9. Conversational capability tags, describing the browser minimum requirement for a
resource (e.g. a script, an image, etc). For example, non-audio enabled scripts should not be
downloaded or run on a speech only device, except if such scripts perform a meaningful task. In
addition, images should not be downloaded on a speech only browser (although they are relevant
on multimodal and GUI only browsers). When the presentation material is converted according
the capabilities of the browser (i.c., the underlying engines), the entity that performs the
conversion is a conversational proxy;

10. URLSs of plug-ins to use/download for some specific processing (e.g. an encryption
plug-in for speaker recognition stage or compression routine and front-end for a specific engine);
and/or

11. Meta-information tag(s) for bookmarking and subsequent return to the page (e.g. set
of keywords with their corresponding baseforms, grammars, etc.) which, when invoked, will
propose the page on the list of the possible link to follow. This is typically a feature related to
the categorization / meta-information service as provided by a CVM (as discussed in the
above-incorporated IBM Docket No. YO999-111P).

It is to be appreciated that a specific comment <!--CML proxy url=... --> tag can be
incorporated in an HTML page to specify a custom conversational proxy or transcoding to
perform a desired transcoding function (conversational proxy, functional transcoding or logical
transcoding). Alternatively, the conversion can be performed by a default transcoder (which is
part of a browser, a server or a distributed proxy). CML pages may also be customized by the
(proxy) transcoder based on the capabilities of the conversational browser. This functionality
can be performed differently than by using the URL tag as a proxy (which implies that the
browser connects to a proxy server and sends its HTTP requests through the proxy). Ifa CVM
is present, an underlying
handshake can occur to exchange meta-information about the conversational capabilities of the

engines available to CVM for the browser, and then based on that the proxy can automatically
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tailor the pages. Also an alternative consists of having in such case the browser forwarded to a
different page suitable for the engine capabilities.

In addition, <!--CML tag...--> can introduce direct CML tags into an HTML or XML
page, which will be directly processed by the conversational browser or conversational proxy.
Each of these CML features will be discussed in more detail below.

While CVM is multi-modal, for specific browscr/client capabilities (e.g. only a IVR),
only the relevant functions are tagged. In the preferred embodiment, the browser typically
ignores unknown tag instead of forcing a consistency of the ML. Furthermore, for general
purpose systems, the browser should register its capabilities to the proxy or server, using a
cookie mechanism or filling a hidden form when connecting for on the first page of that content
provider or to the server gateway/portal. The cookie can carry the needed information to
identify or authenticate a user. It can also carry all the context information about the current
dialog status of the browser. This can also include the rest of the local context, history and/or
preference information to be sent or shared with the server upon connection to it. The capability
to send dialog information, context and other meta-information to a server via a cookie or other
registration protocol enables the server to immediately participate in the conversation. Other
registration mechanism may be implemented other than the cookie mechanism.

Conversational mark-up language rules can be added by the content provider to an
HTML file or substitute to an HTML file to take full advantage of the conversational browser.
This language should present tags to indicate the feature described in the previous section (as

described below).

Telephony Applications Using Conversational Browser

Referring now to Fig. 2, a block diagram illustrates a conversational system for providing
telephony services according to an embodiment of the present invention. The system 100
comprises an IVR 101 (or call center) which is accessible by a client device 102 over a telephone
network 104 (e.g., PSTN (public switched telephone network)). The IVR 101 is connected to
one or more content servers 105 over network 104 . In this embodiment, it is assumed that the
IVR 101 runs on a machine on the premises of a telephone company (telco). The IVR 101 may
be, for example, associated with a service provider of a banking application to provide ATM

telephony services. The client device 10 may be, for example, a conventional telephone, a
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mobile telephone, or a PC having a telephony card, to establish communication over the
telephone network 103 to the IVR 101. The network 104 may be the Internet, an intranet, a
LAN, ad hoc networks, etc. The content servers 105 may be HTTP servers, for example, which
comprise the content pages (HTML, CML, etc) fhat are associated with the IVR 101 ATM
services.

The IVR 101 comprises a conversational browser 106 which is illustrated as a stand
alone application running a CVM 106a. It is to be understood that the conversational browser
106 and CVM 106a of Fig. 2 are similar in architecture and functionality as the conversational
browser 11 and CVM 15 described above with respect to Fig. 1 (whereby the CVM can be
included within the browser or in an underlying operating system. The IVR system100 further
comprises an audio system 107 providing audio functions such as audio capture, acoustic fronf
end (acoustic processing) and an audio subsystem (e.g., soundcard). The IVR 101 further
comprises a DTMF processor 108 and conversational engines 109 (e.g., speech , NLU, TTS
engines, etc.).

When the client 102 is connected to the IVR 101, input commands such as speech
commands and DTMF signals are received by the acoustic front end of the audio system 107
and sent to the appropriate conversational engine 109 (e.g., speech engine) and DTMF processor
108, respectively. The processed speech/DTMF commands are then passed as calls to
appropriate functions in the conversational browser 106. The conversational browser 106, in
turn, generates appropriate requests (e..g, HTTP requests) to obtain desired information from
one or more of the content servers 105 over the network 104. The content server 105 retrieves
the appropriatc information (or complétes the specified action) and then transmits results,
messages and/or menu options (using TCP/IP or similar protocols discussed above) in either
HTML (or other similar formats), CML, compressed audio, or a combination thereof (depending
on the manner in which the information is structured on the content server 105). As discussed
above, for HTML (and other structure documents), the conversational browser will transcode the
information (via a transcoder 13 discussed above) to generate a CML document for processing
(via the CML parser/processor 14 discussed above), whereas CML documents from the servers
105 can be directly processed (without transcoding). The conversational browser 106 can hook
to necessary conversational engines (via the CVM 106a) to establish a dialog with the user. As

discussed below, the conversational engines may be distributed over the network 104.
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The conversational browser can also decode compressed audio which transmitted from
the content server 105 using a standard network protocol (such as HTTP), and then play back
the audio to the user as telephone audio. (thereby allowing, e.g., IP telephony via the
conversational browser 106). Conversely, audio input can be captured via the audio capture
portion of the audio system 107 and transmitted (via the conversational browser 106) in
compressed or non-compressed format to a server over the network 104 for distributed
recognition and processing (such as described in the above incorporated patent application IBM
Docket No. YO999-113P). As indicted above, the transmission of the compressed speech is
performed by the communication stack of the CVM 106a (such as discussed in YO999-111P, as
well as Y0999-113P). In the absence of a CVM, other communication engines will perform the
handshake , communication and coding/decoding. It is to be understood that such
communication is not limited to HTTP or VolIP, it can involve any TCP/IP and related
protocols. For example, WAP, Bluetooth, Hopping communication protocols may be employed
with the present invention. When the audio is captured locally and shipped to a remote server,
this can be performed using a plug-in (native implementation) or for example with a java applet
or java program using audio and multimedia API to capture the user's input. In addition, the
conversational communication(coding) protocols may be used for transmitting compressed
speech using, for example, socket connections, RPC, RM], etc. (such as described in the above
incorporated patent applications IBM Docket Nos. YO999-111P and YO999-113P).

It is to be appreciated that the system described in Fig. 2 is only one possible
embodiment for providing IVR services. In another embodiment, for instance, the IVR can
behave solely as "soundcard" of the sysfem in the sense that it provides the audio capture
functionality to capture input speech from a user and then transmit the captured speech to a web
server having a conversational browser (similarly
it receives audio output from the server and transmits it to the [IVR for play back to the user). In
this case, the IVR acts as a soundcard or an audio subsystem for the conversational browser.
Alternatively, the IVR may be providing the conversational engines (speech recognition engine,
TTS engine, speaker recognition engine etc...) as well as the audio capture and all the system
management, call balancing, load balancing functions etc. and only use the conversation browser

as a driver of the dialog. Alternatively, also the IVR can only performs the audio capture and the
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load balancing/system management while having the conversational engines running on other
servers and the conversational browser running also on other servers. Eventually there is a
possibility that the IVR or call center is implemented with a farm of networks small workstations
(typically NT machines) each with a telephony card that will own the audio capture, the
conversational engines and the convcersational browser associated to one or a very limited of
active ports (i.e active calls).

In the embodiment illustrated in Fig. 2, it is assumed that all the functions of playing
back prompts, synthesizing speech, generating dialog, understanding DTMF input or speech
input are performed at the level of the IVR 101. It is to be understood that in the absence of a
CVM 1064, it is the responsibility of the system integrator or IVR vendor to provide a concrete
implementation a system providing abstract layers similar to those provided by the CVM (as
discussed above). The actual implementation of the system will determine the actual
architecture of the IVR 101, but such architecture would be independent with respect to the
functionality and operation of the conversational browser 106.

Advantageously, the conversational browser 106 effectively changes the IVR 101 from
what is known in the art as the "all-time" connection to a packet switched network on the service
side. In addition, with the universal IVR architecture employing a conversational browser, it is
to be appreciated that the content pages are on the same HTTP servers and use the same
information access methods, sharing the legacy database access SW layer, etc. as web servers for
information access. In other words, an IVR can now be considered a special case of a HTTP
server with a conversational browser. Depending on the device, server and content/service
provider capabilities, the conversationai browser can be located on the client, on the server,
shared between the client and the server or distributed across the network.

Referring now to Fig. 3, a block diagram illustrates a conversational system for proving
telephony services according to another exemplary embodiment of the present invention. In this
example, the conversational browser 106 is located entirely on the client device. All the
processing performed by the IVR (as explained above with reference to Fig. 2) is now performed
locally on the client device and only the fetching of HTML documents, for example, is
performed through HTTP on the content servers 105. The content servers 105 can be HTTP
servers having applications executed thereon which are associated with IVR applications.

Alternatively, the system of Fig. 3 can simply be used for browsing the WWW.
21-
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For instance, as illustrated in Fig. 3, the client device can be a PC 60 (personal computer)
having a conversational browser 106 (and CVM 106a) and conventional telephony platform 61
(comprising, for example, a modem, soundboard, speakerphone and voicemail system) for
providing telephony services via the PC 60. The PC 60 can be used to establish a dial-up
connection via modem (through the conversational browser 106) over the telephone lines 102 to
the telco or any other remote access server (RAS) 70 (e.g., Internet Service Provider (ISP)) to
access content servers 105 over the network 40 (e.g., Internet, intranet). The PC 60 can also
access local/private resources or the Internet through remote connections via IP connection using
a dedicated line L. The PC 60 with the browser 106 can be used to provide conversational
browsing of, e.g., the WWW. As explained above, the conversational browser 106 performs,
e.g., the recognition of voice commands and the conversion of the voice messages from HTTP
server coming compressed over Internet. The conversational browser 106 can access any speech
enabled local applications 62 (calendar, etc) running on the PC 60 or local client.

The client device may be a mobile phone 80 (e.g., a GSM terminal) having suitable
architecture and CPU power to run the conversational browser 106 locally. The mobile
telephone 80 can download DSP code (or any other type of CPU programming language) to
interpret the Internet protocols for speech (Internet telephone) (or other protocols such as WAP)
as well as compression algorithms for speech purposes and any other application or speech
processing programs written, for example, in some derivation of Java. It is to be understood
that the DSP code may be native and preloaded on the phone (especially if an instantiation of
CVM 106a is present on the device). Furthermore, even higher level mobile phone with screen
can have higher level of locally running browser with text capabilities or even display
capabilities. In addition, the new telephones can be equipped with higher sampling rate A/D
converters. This would enable to take advantage of the cepstrum coefficient compression to
send the speech more effectively over the communication lines and increase the speech
recognition quality (for distributed Speech recognition such as explained in the
above-incorporated IBM Docket No. YO999-113P).

It is to be appreciated that the functions of the conversational browser 106 may be
partially located on a local client device and partially located on a remote server. For example,
the acoustic features can be computed by the client device (e.g., via the front end module 107,

Fig. 2)), compressed and then transmitted to the server at low bit rate for processing. In
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addition, a portion of the browser processing can be done locally, e.g., playing back regular text
and getting simple input, and some processing can be performed on the server side, c.g.,
obtaining street addresses or complicated input or ascii input to forms. It is to be further
appreciated that the browser functions can be distributed across a client device, one or more
servers, and a network of resources. For instance, the browser can be located on the server, the
client or shared between the two, with conversational subsystems (e.g., speech recognition
engine, NLU engine, TTS) being located at other areas on the network. It is to be appreciated
that even the browsing functions can be shared between networked devices (servers, computers,
PDAs etc). Again, a CVM is a key element to "manage" such cases through communication
protocols similar to those described in the incorporated patent applications IBM Docket Nos.
Y0999-111P and Y0999-113P. In addition, for domain specific applications, a content
provider can directly provide its own TTS, NLU or speech recognition engine.

Advantageously, the deployment of the present invention can afford the preservation of
legacy applications that provide information pages in HTML format, by allowing such
information to be presented for pure conversational interaction (besides the capability to display
the pages or portions of the pages with multi-modal devices). Each of these concepts will now
be illustrated with reference to the illustrative embodiments of Figs. 4a and 4b.

Referring now to Fig. 4a, a block diagram illustrates a distributed system wherein the
resources for providing conversational browsing and IVR service are shared across one or more
networks. It is to be understood that the dotted circles in Fig. 4a represent, for example,
different locations of a given network or individual networks (or subnetworks) on an intranet or
the Internet, each comprising correspoﬁding servers, hosts, which interact with one another via
standard network protocols (e.g., TCP/IP, HTTP). A PC 302 having a GUI terminal 300 and
conversational browser 302a can be used to provide a combination of GUI and conversational
browsing (it is to be understood that the device 302 can be any client device (other than a PC)
such as a phone which is connected the distributed network via a PSTN , or a bluetooth device
connected through bluetooth to a TCP/IP network, a setopbox connected through ISDN or cable
or satellite link to the distributed network). Alternatively, if the PC 302 can access a remote
server 303 having a conversational browser a via IP connection. Likewise a user can dial into an
IVR server/PC 302 via telephone 301 (e.g., regular, cellular, or smart phone) obtain perform

conversational browsing or IVR via the local browser 302a or via the remote server 303 and
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conversational browser 303a. Alternatively, as explained above, the phone 301, PC/IVR server
302 and remote server 303 can share the functions of the conversational browser depending on
their respective architecture and processing power capabilities. In addition, the conversational
browser 303a can be shared across one or more servers 304 distributed across a given network or
subnetwork. Alternatively, each of the remote server 304 can support one or more specific
functions of the browser 304a. Depending on the respective conversational browser function,
the PC/IVR server 302 or remote severs 303, 304, each may hook (as necessary) via TCP/IP,
HTTP, API (for CVM instantiations using the communication protocols discussed above) to one
or more conversational subsystems 309 distributed over the network. In addition, any required
conversational arguments 308 can be accessed for use by the conversational browsers 302a, 303a
and/or 304a or conversational subsystems 309 over the network.

The exemplary system further includes a conversational proxy server 305 with transcoder
305a, which may be accessed over the network to convert HTML documents and other
applications to CML in circumstances where the conversational browsers 302a, 303a, 304a
cannot perform such conversion due to inadequate processing power of the device on which the
browser runs. In addition, the conversational proxy and transcoder 305a may be associated with
a content service provider to perform conversion of HTML documents in instances when the
conversational browsers 302a, 303a and/or 304a lack specific proprietary information about the
application to perform such conversion (which is known only by the content provider). As
shown in Fig. 4a, the HTML documents are generated via web server application of the content
provider using a traditional transcoder 306 that interacts with database 307 via SQL or a
proprietary API to convert proprietary ihformation into HTML form. It is to be appreciated that
the communication between elements 306 and 305/305a can involve the transfer of XML or
meta-information to assist the conversational transcoding/proxy task. In addition, structure
skeletons can be used as described in the above-incorporated application Y0999-114.

Fig. 4a illustrates a voice portal, which is a CML server where transactions allow the
search of HTML or CML pages or web sites, which is similar to today’s web portals. The voice
portal can retrieve desired sites and pages. These CML pages are directly presented to the
conversational browser. Pages retrieved in another presentation language (e.g., HTML) are
transcoded before being transmitted to the browser. The main difference between a voice and

web portal (i.e., HTML or WML (wireless markup language) based) is that the portal downloads
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the requested pages and transcodes them appropriately before sending them to the browser. For
client devices (or browsers) having transcoders, the pages can be send to the browser in another
format (HTML and Vor HTML-based structure skeleton) and transcoded on the fly by the
browser into CML as an intermediate internal language. The voice portal service can be
subscription based, paid by the carrier/wireless provider, paid by the referred content provider
(on a hit basis), on complete profitable transaction basis, on a percentage of profit from referred
business, on a subscription basis to have the service present in the search engine, or the service
ranking high as result of the search engine, or for quality CML pages (hand prepared or
reviewed) as compared to the automated approach.

Referring now to Fig. 4b, a diagram illustrates an exemplary embodiment of the present
invention for providing conversational browsing or [VR services in conjunction with legacy
corporate software applications. The system of Fig. 4b is similar to the system described above
(Fig. 4a) except that Fig. 4b specifically illustrates conversational browsing of a conventional
3-tier (distributed) corporate application on a given corporate network. The 3-tier application
includes a front end terminal/presentation server 310 (Tier 1) which contains the programming
to create and present HTML-based documents, a middle tier business logic server 311 or
application server (which contains the business applications and serves client requests from
workstations in a LAN, for example), and a back-end or third tier 312, 313, which comprises the
legacy database and transaction management (data control) applications. As shown,
conventional presentation is accomplished via GUI 314, telephone (IVR) 315 and 3270 type
screen dialogs (3270 terminal are types of terminals that are typically supported by mainframes
and CISC systems, e.g., the traditional greenish terminals that may be found at ATMs which are
mostly ascii character only-based screen). Straightforward HTML dialog pages such as form
filling (HTML or CGI) or ATM dialog (and other 3270 type of screen dialogs) or other dummy
terminals (CT 100, Palm Pilot screen, etc.) can be readily converted to CML via transcoder 305a
of proxy server 305, for example, since the business logic of such transactions is typically driven
by simple dialog so that limited amount of information or choices is presented at once to the
user. The choice or menu can also be conveyed through skeletons as described in the above
incorporated IBM Docket No. YO999-114P. In addition, transcoding can be readily extended to
other proprietary APIs or screen maps (e.g., maps of the 3270 screens or other screens into an

HTML page usually performed by mapping programs called screen scrapers). In particular,
25
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since programs currently exist for transcoding screen maps to HTML pages, and screen maps are
limited to simple dialogs driving the business logic, the conversion of the resulting HTML pages
is a trivial case of the conversational proxy.

Advantageously, each of the above-described exemplary system architectures
advantageously allow universal access via pure speech interface (conversational browser), pure
GUI, and a combination of speech and GUI to the same bank of transaction and information
services through a same protocol without requiring any redesign of the content currently

provided over HTML and other XML/HTTP protocol.

Conversational Applications Emploving CML

The following discussion of exemplary embodiments describe network- based
conversational applications using CML (conversational markup language) in accordance with
the present invention. The term "conversational application” used herein refers to an application
that interacts with the user via voice input/output. The term "network-based conversational
application" used herein refers to one in which the elements of the conversion that define spoken
output and input, i.e., pages of CML, may be obtained over a network or locally. Indeed, just as
GUI applications can be built using a set of interlinked pages written using HTML markup
language, conversational systems can be built using a set of interlinked pages written in
conversational markup language - CML. Moreover, just as HTML provides a set of mechanisms
for translating GUT actions into application actions such as visiting other pages or
communicating with a server, CML similarly can be implemented to provide mechanisms for
translating spoken inputs into applicatidn actions. The term application in this context should be
understood in the same broad sense in which a set of related HTML pages containing text, links,
and forms, together with the code on a server which processes the forms (e.g., servlets or CGI
scripts), constitute an application. In addition, similar to the manner in which procedures (such
as conversational foundation classes or other dialog components) can also be loaded via Java or
ActiveX components, conversational applets and foundation classes can be loaded /downloaded
to execute procedural conversational actions (which is a feature of CVM).

Referring now to Fig. 5, a diagram illustrates an exemplary network-based conversational
system comprising various classes of conversational applications enabled by CML according to

the present invention. The illustrative system comprises a client device 500 having a
-26-

Page 182 of 877



10

15

20

25

30

WO 00/21232 PCT/US99/23008

conversational browser 501. The client device 500 may be, for example, a desktop PC, a PDA,
an automobile computer, a smart telephone, or a "dumb" telephone (the term "dumb" telephone
refers to herein as a device that functions as a microphone at the end of a long cord and needs to
be connected to a browser at the other end of the phone line). The client device 500 may also
comprise one or more speech- enabled local applications 502 running on the client 500 using
CML to communicate with the conversational browser 501. For example, the local application
may be a car navigation application in which a "Speech Navigation Application" interacts with
computer mapping software and a GPS (Global Positioning System) device to provide
conversational driving directions. Similarly, other applications and services provided locally by
the underlying conventional OS, or other applications can be used to provide services (such as
disambiguation, context access, etc.) and dialog modules to the browser when there is no
underlying CVM to provide such services.

The client device 500 can access any one of a plurality of server systems S1, S2, and S3
over network 503 (e.g., the Internet) using a standard network protocol (e.g., HTTP, TCP/IP) to
transmit CML pages to the client device 500, which are processed by the conversational browser
501 to provide a conversational Ul to the user of the device 500. For example, the client device
500 can connect to server S1 to access existing HTML information via a transcoding proxy
which, as described above, is capable of interpreting HTML, extracting relevant information,
and generating CML information. In addition, the client device 500 can connect to a specialized
web server application (S2) such as Lotus Domino server to access Notes data (e.g., Notes
e-mail) via a CGI application. In particular, the Domino server can be configured to generating
CML and transmit the CML using HTTP. In another example, the client device 500 can connect
to a web server application (S3), using a CGI application or Java Servlet to access an legacy
database of an enterprise, wherein the web application generates and transmits the information in
CML.

This lead to another interesting application example: a CML based universal messaging
system. In particular, the same way that conventional and currently available mail and messaging
systems can be provided with HTML by ISP, ASP (Application service providers) and web
portals, a voice portal or voice web service provider can use CML to offer e-mail access and
processing and universal messaging. Universal messaging, means that you can now access via

voice different messaging services and program paging, e-mail, voicemail and call processing by
7.
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voice. Because the interface is now built in CML through the conversational browser, the user
can process his’her messages automatically. Similarly call transfer and processing can be seen as
a combination of a CML interface announcing the caller information and possibly call topics and
offering a menu of options. The user can select actions (transfer, store, take the call). Each of
these actions are processed as procedural call to the call processing unit and

the call is accordingly processed (e.g. forwarded or transferred to the user). With a pure
speech conversational browser such as shown in Fig. 5, speech and audio are the only output
provided to the user. When a user desires, a page is downloaded from the service provider (in
CML). The CML is used to describe the conversational Ul to be presented to the user. Using
the TTS markup information, the conversational browser will read the page to the user and listen
for commands from the user to be decoded by the speech recognizer (using possibly clues from
the speech recognition portion of the CML page) to follow links, fill forms, or command the
browser. For non-embedded applications, the conversational browser preferably utilizes a large
vocabulary continuous speech recognition system (e.g., IBM Via Voice) and a "Free text
rule-based TTS using JSAPI (java speech) - including dynamic grammar compilation and NL
process for example as described in the reference by K.A. Kishore, et al. entitled “Free-flow
dialog Management Using Forms,” Proc Eurospeech 1999, Budapest Hungary, September 1999
and Davies et al., “The IBM Conversational Telephony System For Financial Applications,”
Proc. Eurospeech 99, Budapest Hungary, September 1999>

Advantageously, the above capabilities such as server-based CGI scripts and Java
Servlets, and local plugins, can provide mechanisms for application-specific code to participate
in the conversational application. The interface between the application code and the
conversational browser 501 can take the form of URLs for requests and markup data stream
(HTML or CML) or sets of attribute value n-uples. Note that instead of URL, other addressing
schemes (e.g., sockets and ports) to access local or distributed services may be used.

It is to be appreciated that each of the preceding IVR and conversational browsing
applications could alternatively be built with application code with the applications
communicating via API and remote calls (i.e., not implementing a conversational browser and
CML). In particular, such applications can be written directly to a speech API such as the Java
Speech API (JSAPI). However, for distributed applications, the currently available engine APIs

(SAPL, JSAPI) have not been designed with network considerations in mind. Therefore,
28-
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networked/distributed speech applications directly written on top of the conversational engine
APIs will always require re-implementation of the distributed functionalities. It is to be
appreciated, however, for applications written on top of the CVM system (IBM Docket No.
Y0999- 111P), these limitations of the current engine APIs are virtually eliminated through the
conversational application APIs that are communicated via the communication stack which
hides most of the complexity of the engine APIs through the services and behaviors offered by
the CVM shell. Indeed, complex dialog tasks can be efficiently performed though procedural
implementations. Such procedures allow simple use of macros for such complex tasks. In
addition, procedures are inherently expected to be more efficient than interpreted declarative
language such as XML. Depending on the context of use (the importance of the efficiency vs.
programming, portability across platforms, etc) , however, both alternative (declarative and
procedural) may be used.

CML and the conversational browser, on the other hand, advantageously allow
distributed conversational systems to be implemented which take advantage of legacy
applications that have already been develop using HTML, for example. Unlike the currently
available speech APIs, CML can readily support networked conversational applications. The
conversational browser can interpret streams of CML originating from muitiple locations thereby
providing a user with the same kind of seamless experience provided by a desktop windowing
system or by a visual browser. For example, while completing an airline ticket purchase the user
can temporarily suspend the transaction and interact with a banking application on a different
server to check an account balance. This is related to the concept noted above of having an
appropriate mechanism to keep and trénsmit/restore the context of a dialog with the browser and
possibly the server side processing. Furthermore, CML provides a higher-level tool that
simplifies the construction of conversational applications (similar to the manner in which HTML
simplifies the building of visual applications). A conversational markup language also reduces
the amount of expertise in speech required. In addition, as stated above, building distributed
applications on heterogenous platforms using an currently available speech APIs is difficult.

The large-scale deployment of distributed GUI applications on heterogeneous platforms via the
WWW demonstrates the feasibility of a CML data stream approach.
Referring to Fig. 6, a block diagram illustrates a general distributed conversational

browsing system using CML in accordance with an embodiment of the present invention. In
-29-

Page 185 of 877



10

15

20

25

30

WO 00/21232 PCT/US99/23008

general, a distributed conversational browsing system comprises an information server 600, a
presentation server 601, a speech server 602, speech models 603 and a conversational browser
604. The information server 600 represents, for example, enterprise databases, newswire feeds
and/or WWW servers. The information server 600 provides data in an "information format"
which represents application-specific information in a device-independent manner. Examples of
this data format include APIs for data access (e.g., Notes DB API, SQL) and application-specific
data streams (news wire feeds, information marked up with XML content tags).

The presentation server 601 retrieves information from the information server 600 using
an API or a protocol defined by the information server 600. The presentation server 601 then
transcodes the received "information format" to a "presentation format" for presentation to a
user. The "presentation format" represents information in a device-specific,
application-independent manner for presentation to a user which, in accordance with the present
invention, is CML (as described in further detail below). Conventional "presentation formats"
include, for example, APIs such as the Windows GUI, API and data streams such as HTML,
HDML (Handheld-device Markup Language) and WAP (wireless application protocol). The
presentation server 601 can be, for example, an HTML server, CGI scripts and Java Servlets,
Domino as an HTML server, and the Notes Client, which are configured for transcoding the
information received from information server 600 into CML. The CML generated by the
presentation server 601 is used to describe the conversational Ul to be presented to the user via a
conversational browser 604 and provides the mechanisms for translating spoken inputs into
application actions. _

The speech server 602 comprisés the engines which are responsibie for speech
recognition and parsing and other conversational engines. The speech server 602 addresses the
problem unique to speech: the speech recognition process may require large application-specific
data sets (i.e., speech models 603) which it is not feasible to transmit to the client. This implies
that the speech recognition process must be carried out where the language models reside near
the presentation server 601 (in a transmission bandwidth sense). A standard network protocol
such as HTTP, XML, VoIP, WAP protocol, as well as the conversational speech coding
protocols describe in the above-incorporated YO999- 113P application may be used for

transmitting audio from the conversational browser 604 to the speech server 602 and returning
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the parsed results, as well as transmitting audio, such as recorded or synthesized speech, from
the speech server 602 to the conversational browser 604.

Referring now to Fig. 7, a diagram illustrates an exemplary distributed conversational
system using CML in accordance with an embodiment of the present invention. More
specifically, the exemplary embodiment illustrates a speech only client device 606 having a
conversational browser 604 and microphone/speaker 605. The client device 606 represents, for
example, a speech-only PDA (Personal Digital Assistant) or PVA (Personal Vehicle Assistant)
client device connected, for example, by a wireless link to a network 607 (e.g., the Internet).
The information server 600, presentation server 601 and speech server 602 (with speech models
603) together provide an application (e.g., weather information) to the client device using CML.
The dotted line around the presentation server 601, speech server 602 and speech models 603
indicates that these elements are tightly coupled, in that the speech server 602 has speech models
specific to the application. In addition, the presentation server provides a GUI to other browsers
608 using HTML. It is to be understood that the conversational browser 604 may access other
conversational applications over the network 607.

Referring now to Fig. 8, a diagram illustrates another exemplary distributed
conversational system wherein the client device 606 is a speech and GUI client. The client
device 606 comprises a display screen 609, a microphone speaker 605 and a conversational +
GUI browser 604a for presenting information to a user using speech, GUI and a combination
thereof. In this embodiment, the presentation server 601 can provide both HTML and CML
documents depending the request by the client 606. In addition, this system can be implemented
by embedding CML markup can be embedded in HTML markup and extending a standard
HTML browser (using a supplied browser extension mechanism) to run the conversational
browser alongside the standard browser to provide a conversational interface alongside the GUI
interface. A system and method for integrating and coordinating between A GUI and speech Ul
is explained in the provisional application U.S. Serial No. 60/128,081, filed April 7, 1999,
entitled “Multi- Modal Shell”. which is commonly assigned and incorporated herein by reference

Referring now to Fig. 9, another distributed conversational system using distributed
telephony is shown. In this exemplary embodiment, a user can dial into a telephony platform
610 of the client 606 (such as a PC) to be connected to a conversational browser 604, which

gives the user access to a selection of speech applications via the network 607 (e.g., Internet).
31-
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Alternatively, a user can connect to the speech server via dial in or directly via another existing

comnection (LAN, Bluetooth,, DSL etc...). In this case, the conversational coding algorithm

presented earlier can be used to ship the data to the browser. Note that the client "device" is

now essentially a telephone handset coupled to the conversational browser 604 running on the

telephony platform 610.

Next, in the exemplary embodiment of Fig. 10, the user will dial into a given phone

number to access one application. The system is a simplified version of the distributed

telephony system of Fig. 9, wherein the conversational browser 604 and application are the

same. In this embodiment, however, the conversational browser 604 is not connected to a

network but can access only the specific application. The dotted line 611 in this embodiment

emphasizes that the presentation server 601, the speech server 602 (and models 603), the

conversational browser 604, and the telephony platform 610 are all operated as an integrated

service. This is essentially a traditional telephony application, with the conversational browser

604 serving as dialog engine.

Conversational Markup Language: CML

This following describes a preferred embodiment CML which may be employed in the

conversational browsing applications described above. In a preferred embodiment, CML is an

application of the Extensible Markup Language (XML). XML is an emerging and popular web

standard for HTML-style markup languages, defined by W3C, the same body that maintains the

HTML standard. XML is essentially a generalization of HTML which borrows a number of

design points from HTML. More generically, XML is a declarative universal format for

structured documents and data. Advantageously, the use of XML as a basis for CML allows

CML to be readily embedded in HTML or combined with HTML to create multi-modal

applications (e.g., speech and GUI). It also allows JSML (Java Synthesis Markup Language),

another XML application, to be embedded in CML and used as the speech synthesis markup

language for CML. Advantageously, the standardization and popularity of XML make it

probable that authoring tools for creating CML pages, as well as programming tools for the

server code to generating CML, will become standard, therefore providing open architecture for

the conversational browsing systems described herein.
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entities comprises pairs of tags of the form:

<tag anr1="val2" artr2="val2"> arbitrary text</tag>.

$99/23008

XML

The extensibility of XML arises from the fact that the markup symbols of the XML application

(and CML in this case) are unlimited and self-defining (i.e., the programmer is free to define

his/her own tag names, attribute names and value sets).

In one embodiment of the present invention, CML is written in JAVA and a

conversational browser utilizes a "what you hear is what you can say" style of speech input for

purposes of local speech recognition and parsing. In other embodiments, the CML is extended

for NLU speech input, and distributed client-server speech applications, wherein digitized

speech is sent from the client via HTTP, for example, to a speech server and the parsed results

are returned using CML (as noted above). Again, besides using HTTP or other conventional

protocols, it is to be understood that speech can be transmitted to the speech server via

conversational communication protocols as discussed in the above-incorporated patent

the

applications IBM Docket Nos. YO999-111P and Y0999-113P. These embodiments will be

discussed in detail below.

In general, CML is preferably defined as a set of tags, wherein the primary CML

elements are <page>, <body>, <menu>, and <form>. In general, a "page" element groups

other CML elements, and serves as the top-level element for a CML document. A <body>

element specifies output to be spoken by the conversational browser. A <menu> element

presents the user with a list of choices, and associates with each choice with a target, e.g., a

URL, identifying a CML element to visit if the user selects that choice. A <form> elements

allows the user to provide one or more pieces of information, where the content of each piece of

information may be described by a grammar. The <form> element may also specify a

URL to

visit when the user has completed the form. The phrase "visiting an element” (or "visiting a

CML element") refers to an action taken by the conversational browser, typically in response to a

spoken user input (although it may also be in response to some other kind of user input or some

other kind of asynchronous event). Visiting a CML element will cause the conversational

browser to produce a spoken output, depending on the type and content of the CML element

visited. For example, a <body> element is read, the choices of a <menu> element are

listed,

and so on. Visiting an element can also affect the set of spoken response that the browser will
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accept from the user, as described for each element in the following sections and as discussed

more fully in the section on dialog issues.

The following describes in further detail the tags (elements) and attributes that comprise

a CML document or file according to a preferred embodiment.

Page Elements: A <page> element is the top-level CML document element that

comprises one or more related nested CML pages or units (a unit is 2 <body>, <menu>, or

<form> element) and is preferably structured as follows:

<page ttl="seconds"> (bodies, menus, and/or forms units) or nested pages </page>

The attribute ttl ("time-to-live") specifies the number of seconds that the CML page may be

stored in a cache, wherein a value of 0 prevents caching of the page. A <page> element per se

does not contribute (no spoken output or input) to the conversation between the conversational

browser application and the user, but serves as a container to group other CML elements (e.g.,

menu, body, and form elements). A <page> element may also contain nested pages. The

function of the <page> clement as a (nested) container will be explained later. Visiting a

<page> element is equivalent to visiting the first unit in the page. The nested page can also

include conversational dialog objects or foundation classes. This can be implemented

procedurally or with some equivalent CML pages. When a page is reloaded, a cookie or

appropriate protocol/service/API is provided to reload the previous context.

Menu Elements: A <menu> element serves a function for CML which is analogous to

the function that hypertext link and menu serves for HTML in that it presents the user with a set

of choices. In general, a <menu> element specifies an introductory message and a menu of

prompts to be spoken when the entity is visited, and a corresponding set of possible responses,

and for each choice a URL, for example, to visit if the user selects that choice:
<menu>
introductory message fext
<choice target="URL!">prompt text 1</choice>
<choice target="URL2">prompt text 2</choice>

</menu>

When a <menu> element is visited, its title text (introductory text) is spoken followed by the

prompt text of any contained <choice> elements. A grammar for matching the title text of the
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<menu> may be activated when the <menu> is loaded, and remains active thereafter. When the
user utters a word or phrase which matches the title text of a <menu> element, that <menu>
element is visited.

Each <choice> has a target URL that the conversational browser visits if the user selects
that choice:

<choice target="target">prompt text</choice>

A target may be any valid URL (including relative URLs and URLs specifying HTTP:,
file:, FTP:, and local: protocols (see below for a description of the local: protocol) or a URL plus
a reference (using the standard URL#reference syntax.). Any other addresses, schemes, and
protocols may be employed. The reference (i.e., the part of a URL after the #) is a string that
names the unit within the document that has a namec attribute whose value is the reference string.
A URL without a reference is considered to refer to the first unit within the document. A
relative URL is resolved relative to the URL of the containing document.

Furthermore, a “target” may be another address such as a socket address (IP address and
port ID). In such case, other IP protocols such as the conversational protocols described in the
above-incorporated patent applications IBM Docket No. Y0999-111P and Y0999-113Pcan be
implemented. In situations where a specific non-conventional protocol is used, an additional
argument can be used to activate communication such as the following:

<choice target="target" Protocol="protocolidentifier"> </choice>
This provides a mechanism to ship the context and meta-information. It also provides a way to
provide system calls to CVM services or, in the absence of CVM, to present calls to equivalent
services implemented as applications on top of the underlying OS, or within the browser
platform itself. If the browser supports the protocol, the identifier is enough to activate
appropriate communication. This is especially applicable for a conversational browser built on
top
of CVM (as described above and in IBM Docket No. Y0999-111P). In other cases, the protocol
identifier can also point to a URL (plug-in or applet) to download so as to initiate the
communication. It can also directly point to a local executable on the client platform supporting
the conversational browser. Typical examples are “choices” that require distributed recognition
(e.g., where the recognition is performed on a remote networked server) (as described in IBM

Docket No. Y0999-113P). Other examples include choices that download procedural functions
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(or local functions) which implement the dialog. Again these conversational procedures are
built on top of CVM. It is to be understood that these concepts are valid for all “targets” and not
just “choice.”

The "prompt text" of a <choice> element is spoken when the containing <menu> is
visited. A grammar for matching the prompt text of a <choice> element is activated when the
containing <menu> is loaded, and remains active thereafter. When the user utters a word or
phrase that matches the prompt text of a <choice> element, the specified target is visited. For
instance, the user may select one of those choices by saying an attention word or phrase

" on

("computer", "go to" or "select"), followed by one or more significant words from the choice.

The following example will illustrate the menu element:

<menu>
Please choose from the main menu.
<choice target="file.e-mail">E-mail.</choice>
<choice target="flle:news">News.</choice>
<choice target="file.nav">Navigation.</choice>
<choice target="file:mcform">Food Ordering.</choice>
<choice target="file.weather">Weather information.</choice>
<choice target="file:tutorial">Tutorial.</choice>
</menu>
The main menu may serve as the top-level menu which is heard first when the user
initiates a session with a conversational browser. More specifically, when the conversational
browser visits this menu it produces the spoken output "Please choose from the main menu”
followed by a list of choices: "E-mail. News. Navigation. Food Ordering. Weather Information.
Tutorial." Once the conversational browser has loaded this menu, the user may activate (select)
any of the choices (during the remainder of the session) by speaking a command. The allowable
commands will depend on the input technology being used. In one embodiment which
implements a "what you hear is what you can say" approach, the allowable commands may
comprise attention phrases (such as "go to" or "select") followed by a subsequence of the words

of the prompt text, e.g., "go to e-mail" and "select news."
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After the user has uttered a selection, the conversational browser will visit the target
address (e.g., URL, socket address) specified by the target attribute associated with the given
choice (e.g., the contents of a target URL are fetched and interpreted as a CML entity, and that
entity is visited). Note that in the above example menu, all of the target URLSs are relative to the
URL of the containing page, which in this case is a file: URL that refers to the demo\main file -
for example, the target "file:news" is interpreted as a file called "news" in the same directory as
the file that contains the main menu.

In summary, the user may speak a phrase that matches the title text of a <menu> element
to visit the <menu> element. The user may speak a phrase that matches the text of a <choice>
element to visit the target specified by the element. A user's phrase matches the text of a
<menu> or <choice> element if it comprises an attention phrase followed by one or more words
from the text in the same sequence that they appear in the text (but not necessarily contiguously).

An attention phrase is a phrase such as "go to" that indicates that a command follows.

Body Elements: A <body> element specifies some text to be converted to spoken

output when the entity is visited:
<body name="name" next="target"> text </body>:

When a <body> clement is visited, its text is spoken, and then the target specified by the next
parameter is visited. The CML <body> entity with JSML markup serves a function for speech
which is analogous to the function that an HTML body entity with presentation-oriented markup
(such as headings, lists, etc.) provides for GUI. For information-retrieval applications (such as
e-mail and news), a <body> element will typically contain information that the user is seeking.
A body element is preferably marked up using Java Synthesis Markup Language (JSML) so as to

obtain accurate and efficient text-to-speech synthesis:
<body>Text to be spoken, marked up using <EMP>JSML</EMP></body>

The "next" attribute of the <body> element has a value that is a target address (e.g.,

URL) which specifies another CML element (such as a <menu> element or a <form> element)
37-
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that is to be visited after the body has been spoken to the user. The following example will
illustrate the function and operation of the <body> element and the use of JSML markup and the

"next" attribute.

<body next="#menul">
<JSML>
Welcome to the IBM ViaVoice<EMP>Speech Browser</EMP>. This tutorial will
familiarize you with the spoken commands that you can use to control your
speech browser.
</JSML>
<body>

The body is formatted using JSML to place emphasis on the term "Speech Browser."
The "next" attribute in this case is a relative URL (or target address) that instructs the browser to
visit the element with the name "menul" on the current page.

As described above, in one embodiment of CML, the <body> and <menu> elements
provide spoken presentation and navigation of static information using spoken menus. As with
HTML, this level of functionality is sufficient for static information that can be organized as a
set of interlinked CML pages. A much richer set of applications is possible, however, if the user
can supply to the application information taken from large sets, such as search words, dollar
amounts, dates, stock names, etc. Such sets of possible inputs are too large to be presented in a
menu, so another mechanism for collecting the input at the client is required. Furthermore, a
mechanism may be used to compute the application response "on-the-fly" at the presentation
server rather than being stored as with menu and body elements. This can be done, for example,
via CGI (Common Gate Interface) programs and servlet programs running on the server, or any
other backend logic. In cases where a complex logic is hidden behind the transaction or the
server application, such server side on-the-fly modification of the response is the only way to
proceed (except of course when information about the logic is transmitted using the
conversational skeleton methods described in the above incorporated IBM Docket No.
Y0999-114 or if the information is transmitted t the client: structure skeleton to disambiguate

parts of the dialog).
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Collecting such user input may also be accomplished in CML using a <form> elements.

Form Elements: A <form> element collects one or more pieces of information, or

fields, from the user. A <form> element is typically used for collecting information, such as
names, addresses, telephone numbers, and any other types of information that would be

impractical to present as a list of choices in a menu, and has the general form:

<form action="URL">
introductory message text
<field name="name 1" rule="JSGF">prompt text 1 </field>

<field name="name 2" rule="JSGF">prompt text 2</field>

</form>

An action is a target URL used in a <form>. The values of the <field>s of the form are
appended to the action as attribute-value pairs, in the same manner as in HTML. A form groups
together a set of user inputs that together are sufficient to warrant going back to a presentation
server (which may in turn send a request to an information server) to obtain an application
response. When a <form> element is visited, its title text (introductory text) is spoken, and the
user is then prompted one by one for the values of any contained <field> elements. A grammar
for matching the title text of the <form> element is activated when the <form> is loaded, and
remains active thereafter. The <field> tag has the general form:

<field name="name" rule="ruleName" value="value">prompt rexr</field>
If a value has not already been supplied (either by the user or by the value parameter of the
<field> tag) and if the prompt text is not empty, the user is prompted for the value of a field by
speaking the specified prompt text. Acceptable responses for filling a field will depend on the
input technology being used. For the "what you hear is what you can say" approach, acceptable
responses includes a subsequence of the words of the prompt text followed by a phrase matching
a specified grammar (which is preferably in Java Speech Grammar Format (JSGF)) that provides
the set of possible values for the field. The portion of the response matching the grammar
becomes the value of the field. As discussed below, this can be extended to NLU input. If the

user's response fills a field, the user is then prompted for the next unfilled field, and so on.
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When all the field values have been specified, the action target is visited using, for example, an
HTTP GET method (i.e., the results are transmitted to the presentation server), an a page of
CML is returned containing an entity which is then visited. It is to be appreciated that the user
may fill in the value of any field either when prompted or at any point as long as the form is still
in scope by speaking a portion of the prompt followed by a legal value of the field (i.e., by
speaking the prompt text followed by a phrase matching the ruleName specified by the rule
parameter, wherein the "ruleName" is a fully qualified JSGF rule name).

The following example will illustrate the function and operation of a form element.
<form action="HTTP://localhost.8080/serviet/McServiet/">

Please complete the order form.

<field name="sandwich"rule="mcgrammar.sandwich">Sandwich is?</field>
<field name="drink"rule="mcgrammar.drink">Drink is?</field>
<form>

When the above form is visited, the conversational browser outputs the introduction:
"Please complete the order form." The user is then prompted "Sandwich is?". The user may
then respond "Sandwich is chicken sandwich" or "Sandwich is hamburger" based on the
following: The specified JSGF rule, "<mcgrammar.sandwich>", is found in JSGF grammar
"mcgrammar”, which reads

grammar mcgrammar;

public <sandwich> = hamburger chicken sandwich;

public <drink> = coke pepsi;

Note that the user may also fill in this or any field by saying "sandwich is sandwich" or
"drink is drink" before being prompted for the value, and for as long as the sandwich form
remains active. In this case, the browser selects a value for the field and then prompts the user
one by one for the unfilled fields. This is a dialog feature known as "mixed initiative." This
means that the user may take the initiative by saying "sandwich is sandwich," or the system may
take the initiative by prompting the user for sandwich because, for example, the user has
activated a menu choice that leads to a food-ordering form.

CML forms are similar to HTML forms, and in one embodiment, CML uses a
mechanism similar to HTML to transmit the field values to the server: when the user completes

the form, specifying a value for each field, the browser appends the name=value pairs for each
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field to the specitied form action URL, and the resulting URL is requested from the server via
HTTP. Preferably, the form action URL incorporates the name of an application-specific
function, such as a CGI script or a Java Servlet, which the server will call on to process the
name=value pairs and return a response.

As with the case of a graphical web browser wherein the response to a completed form
will be a page of HTML to be presented to the user on a display, with the conversational
browser, the response will be a page of CML to be presented to the user using speech (by
visiting the specified body, menu, or form entity). In either case, the new page will affect the

interpretation of subsequent input actions.

Dialog Issues: One consideration in the design of a spoken dialog application is the
ability to allow a user to readily determine what he/she can say at any point in the
"conversation." Ideally, the application would accept any reasonable spoken input from the user
(NLU), which is sometimes difficult to implement. Instead, an application can be designed to
accept a limited set of inputs. This design, however, presents the user with the burdensome task
of having to learn and remember a "language" comprising an arbitrary subset of his/her natural
spoken language.

The CML browser advantageously mitigates this problem by implementing various
approaches. One approach is referred to as the “what you hear is what you can say" approach, in
which (as explained above) acceptable spoken inputs always echo the spoken prompts that are
presented to the user. Each time a CML element is visited, the set of user inputs that the
browser will accept is changed. For example, after the user visits a <menu> or <form>, the
browser will accept responses appropriate to that menu or form. Following the "what you hear is
what you can say " approach, the inputs accepted are in general echoes of the menu or form
prompts, or some abbreviated version of the prompt.

For example, if the user hears: "Choose from the main menu: E-mail. Stock Quotes," the
user can say: "Go to [the] main menu"; "Go to stock quotes"; and/or "Go to e-mail." In addition,
if the user hears "You have 2 messages: New message 1 from Bill; Smith about Golf tee time.
Message 2 from Jane Jones about Project meeting", the user can say: "Go to new messages"; "Go
to new message 1"; "Go to message 2"; "Go to message from Bill"; "Go to message about tee

time"; and/or "Go to message about project." Moreover, if the user hears: " Stock quotations.
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Stock symbol is?", the user can say: "Go to stock quotations"; "Go to quotations”; "Stock symbol
is [ B M"; "Symbol is I B M" and/or "Stock is [ B M."

As described above, the first two examples above may be accomplished in CML using a
<menu> element that contains some title text ("Choose from the main menu") and a number of
<choice> elements containing some prompt text ("E-mail", "Stock quotes"). The last example
may be accomplished using a <form> element that contains some title text ("Stock quotations")
and one <field> element containing some prompt text ("Stock symbol is?"). Accordingly, the
title text of the <menu> or <form> and the prompt text of the <choice> or <field> define what
the user may say.

Other options for implementing the dialog may be used. For instance, it is possible to
pre-load answers to some of the forms. Namely, some scripting elements can be introduced to
pre-program via procedures or script based on the answers or the selection from the user (i.e.
variables are, for example, the fields of the prompts). Of course, this scripting can use/refer to a
variable assigned by other event and procedures local or distributed (e.g. date, result from a
query to the presentation server, etc...). It implies catching events, adding logical operations,
loops and redirection (e.g. go to) statements. For situations using multiple forms, the capability
to catch events is needed. Such events in the context of CVM could catch events also coming
from applets and other conversational procedures, or scripts. Scripting can be done in a manner
similar to Javascript or ECMAscript. The script may be embedded within the form
<script>...</script>. This means also that forms, menus, etc., can throw and catch events. This
enables appropriate programming capabilities. Scripts can be embedded anywhere within a
CML page. Procedures, dialog components, conversational foundation classes and other
services can be implemented by <object>...</object> tags.

In another aspect, a "Say what you heard" approach allows the user to be in control of the
conversation (rather than the browser as described above). More specifically, during a
conversational session, every previously visited <menu> or <form> that has been heard remains
active. By way of example, assume the user has heard the main menu choices for "e-mail" and
"news." With the "Say what you heard approach,” the user can either immediately select the
e-mail application by saying "select e-mail" or, at any time subsequent to hearing the main menu,
select the news application by saying "go to news" without having to navigate back to the main

menu. If the user has forgotten selections that were on the main menu, the use can get back to
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the main menu by saying "go to main menu". This principle applies to every menu and form that
a user has heard.

Another approach is "Say what you will hear," wherein the menus and forms become
active before being visited and remain active throughout the browser session. More specifically,
a menu or form becomes active when it is first loaded by the browser, which may be before the
menu or form has been visited such as in the case wherc a page containing several menus and
forms is loaded. Even if only one of the menus or forms on that page is visited (depending on
the specifics of the URL), generally, all the menus or forms of the page will become active.
This is illustrated in the following example:

<page>
<body text="#new2menu">

New message 2 from Steve about Pay raise.

Bruce,

We've decided to give you a 250% pay increase this year.

Don’t spend it all in one place.

Steve

</body>

<menu name="new2menu'">

Choose from the message menu

<choice target="#ncw3">Next message.</choice>

<choice target="#new2forward">Forward message.</choice>

</menu>
</page>

In the above example, assume the user requested to hear message 2. The conversational
browser will visit the URL for the page (i.e., it will fetch the page and visit the first unit on the
page), which in this case is the body of the message. After the message is finished, the "next"
attribute of the <body> element causes the conversational browser to visit the "new2menu",
which offers the user a couple of choices for disposition of the message. The user does not have
to wait, however, to hear the menu before selecting one of the choices. Instead, the user may

interrupt the message at any time to say, for example, "go to next message," since the menu
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becomes active when the page is first loaded. Advantagcously, this feature is useful in
frequently used applications where the user learns to anticipate menus and forms that have not
yet been presented. It is to be appreciated that the “say what you will hear” approach may be
implemented using the skeletons as described in the above-incorporated IBM Docket No.
Y099-114 to preload a dialog object when the conversational browser is built above CVM using
Conversational Foundation Classes. Alternatively, the dialog object or dialog component can be
implemented in CML.

It is be be appreciated that the "say what you heard" and "say what you will hear"
mechanisms contribute to a dialog feature known as "mixed initiative." This means that in some
cases the computer takes the initiative in the conversation - for example when the browser
prompts the user for a set of menu items - and sometimes the user take the initiative - for
example, when the user ignores the prompts and selects a menu item that was heard in the past,
or interrupts the computer and selects a menu item that hasn't been presented yet. Thus, the set
of spoken responses that are acceptable by the browser is defined by the entire set of CML
elements visited and/or loaded by the browser, and not just by the most recent element visited.
However, this can sometimes lead to unexpected results because of menus or forms that are no
longer relevant being active. Consequently, CML according to the present invention offers a
mechanism to limit the scope of activation for menus and forms.

Scope: Scope is a feature that allows a CML application designer to control the
duration for which the spoken input associated with a particular <menu> or <form> is active.
The "scope" feature is specified by a scope attribute that may be associated with a <menu> or
<form> element: |
<menu name="name" scope="scope"> title text, choices </menu>
<form name="name" action="target" scope="scope"> fitle text, fields </form>

Exemplary values of the "scope” attribute are the following:

Local: The menu or form is only active if the menu or form itself is the last element that
the browser visited.

| Page: The menu or form is only active if the last element visited by the browser is on the

page (or a subpage of) the page that directly contains the menu or form.
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Global: This is a default value, wherein the menu or form is active for the entire
duration of the browser session beginning when it is first loaded by the browser (even if the form
or menu itself has not yet been visited).

Application specific: This refers to all the page identified with the site or the application

5 (e.g., via meta-information tag).

In many cases, the greatest flexibility for the user is provided if a menu or form becomes
active as soon as the browser has first seen the menu or form and remains active thereafter. For
example, as explained above, it is advantageous to have main menus or major topic menus
active for the entire sessions so that a user can jump directly to the choices provided by the

10 menus without first having to navigate back through a "maze" of menus. In some circumstances,
however, this can decrease speech recognition accuracy and produce unexpected results.
Consider the following example.

<page name="new2">
<body next="#new2menu">

15 New message 2 from Steve about Pay raise.

Bruce,

We've decided to give you a 250% pay increase this year.

Don't spend it all in one place.

Steve

20 </body>

<menu name="new2menu" scope=i"page">
Choose from the message menu.
<choice target="#new3">Next message.</choice>
<choice target="#new2forward">Forward message.</choice>
25 </menu>
The menu associated with each message allows the user to say "go to next message." This
selection, however, probably makes little sense after the user has left the e-mail message to do
another task, and it could be very surprising if it were activated as the result of a speech
recognition error. Therefore, in this example, the message menu is given a scope of "page,"

30 meaning that it will only be active as long as the last element visited by the browser was in the
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page that contains the message menu. In this case it means that "go to next message" is only
active as long as the last browser action involved visiting the body of the e-mail item.

Additional use of the scope and behavior with the scope are provided in the embedded
CML (as discussed below) Another scope tag that may be used in conjunction with CML is
"Multiple". A discussion on the use of multiple form (not in CML form) is provided in: Kishore,
et al, “Free-Flow Dialog Management Using Forms,” Proc. Eurospeech 1999, Budapest
Hungary, September 1999 and Davies et. al., “The IBM Conversational Telephony System For
Financial Applications, Proc. Eurospeech 99, Budapest Hungary, September 1999. Note that
according to this, instead of having multiple pages active, multiple forms can be simultaneously
activated on a page. These pages can be explicitly nested in the document or they can be
referenced by address (to be loaded). Similarly some of these forms can be presented as
procedural components.

Typically as described above, under one NL modality, the NL dialog is implemented by
activating multiple forms. The forms are filled simultaneously until all the mandatory fields of
one form are filled. When filled, the corresponding action or query is executed. When multiple
forms are filled, disambiguation dialog is added (e.g. by activating a new form). Multiple scope
forms are typically loaded via a page which indicates to load these different forms:

<menu name =mainnl scope =global>

Introduction dialog

<form name = form1 scope = multiple>....</form>

<form name = form?2 scope = multiple> ...</form>

<form name = form3 scope = 'multiple> w</form>

</menu>
Upon any input that implies an action, a new page will be loaded after completion of the action:
<menu name=mainnl scope = global> (we "update" the global menu)
<form name = form1 scope = multiple context = maintain> ...</form>
<form name = form2 scope = multiple context = reset>....</form>
<form name = form3 scope = deactivated context = reset> </form>

<form name = formnew scope = multiple context = reset>....</form>

-46-
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</menu>

Alternatively all these forms can be loaded by :

<form name ... scope ... load = target> </form>
When a load argument is present, the content of the form is to be downloaded from the target
and placed between the <form> </form> tags. The same concept can be
used for any other element of the language. Typically, the menu is updated and new forms are
added and some of the forms can be deactivated (scope deactivated).

The “context” tag in the above example indicates how to handle past conversation
history. 1In the two examples given above, the form with a context "maintain” will keep the
value filled in the form from the previous steps of the dialog (previous input from the user).
The “reset” tag refers to resetting the values to default values. Note also that scope can be
defined with a duration stamp: scope =5 s or scope = 1 minute or scope = the name of a scope.
The scope is introduced as

<scope name=scopel status = active> </scope>
When not defined, a scope is non-active. When defined, it can be active or non-active. Elements
scoped with that name are activated when the scope is activated and deactivated otherwise.

It is to be understood that the forms used here can be implemented with a procedural
object:
<form name=form3 scope = multiple context = reset load = target> </form>
where the target page contains applets, procedures, services etc for example:
<Dialog Object>
<applet ...>
</applet>
</Dialog object>

Again, a dialog object can be an applet (java), a script (interpreted by the browser), a
conversational object (Conversational dialog written on top of CVM using conversational
foundation classes), plug-in or servlet activation, or any other procedural implementation or
service providers.

In the present case, multiple objects can be loaded in parallel. This is typically a case

where the browser is implemented on top of CVM, w here the CVM is able to register these
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different objects and their context and to determine which dialog is active as a function of the
user input.

This last item illustrates that with CML and a browser hooked to appropriate dialog
management capabilities, CML can be used to design NL dialogs, independently of the
underlying NL technology. Form based, procedural based (decision networks) and grammar
based NL dialog managers are fully supported by this approach.

It is also possible to have overloaded tags (i.e., modifying the action associated with a
tag). Typically, this can be done via XML or other mechanisms allowing a description of the
new meaning of the tag and the scope of the overloading definition.

Browser features: So far we have discussed CML and described how a browser

behaves, with respect to spoken output and spoken input, in response to the markup language.
The following discussion is directed to features of the conversational browser that are not
intrinsic to CML, but rather are characteristic of the browser implementation.

To begin, the conversational browser preferably implements a number of built-in
commands (which are similar in spirit to the built-in functions presented on menus and toolbars
in a visual browser). Examples of such commands are as follows:

[be] quiet; shut up: These commands will cause the Browser to stop a current spoken

output and wait for further instructions from user. This feature is known as "barge-in" and
applies to all spoken input so that a user may interrupt the browser at any time. So, for example,
the user may interrupt the browser by saying "quiet please," in which case the browser will stop
the current output and wait for further instruction. To cause the browser to repeat the interrupted
output, the user may then utter, for exafnple, "repeat that please." The user may also interrupt
the browser at any point with a spoken command, such as a menu item selection.

say again; repeat that: These commands will cause the Browser to repeat a most

recently visited element (menu, form, or body).

go back: This command will cause the Browser to return to a previously visited element
in history list.

go forward: This command will cause the Browser to advance to a next visited element
in history list. (Only meaningful after some number of "go back" commands).

[[[go]to]the]beginning: These commands will cause the Browser to go to the first

element visited (e.g., the "home" page).
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The brackets in the above exemplary commands indicate optional words. Any of these
commands may be preceded or followed by "please." Other classical commands can be defined
for the browser or added by the user.

Inevitably, ambiguities may arise between these various types of spoken input.
Ambiguity resolution is handled at the level of units (forms and menus) by maintaining a
most-recently-used (MRU) queue of units. More specifically, a spoken input is resolved against
a unit if it matches a spoken phrase allowed by the unit (attention phrase followed by title text or
choice prompt, field prompt followed by legal field value). The browser attempts to resolve
every spoken input against each unit in the MRU queue in order. In one embodiment, the MRU
queue may be maintained as follows:

1. When a spoken input is resolved against a unit in the queue, that unit is moved to the
head of the queue.

2. Then, if the spoken input causes a target to be visited, all the units in the page
containing the target are moved to the head of the queue.

3. Finally, the unit corresponding to the visited target is moved to the head of the queue.

It is to be understood that with a browser built on top of a CVM, the CVM will perform
the appropriate ambiguity resolution and dialog with the user if any ambiguity is suspected to
arise as discussed in the IBM Docket No. YO999-111P. Essentially, once a CML specification
is produced, it will virtually prescribe the manner in which a dialog should be handled. If this
needs to be overwritten, or if other behavior(s) need to be introduced, this can be performed by

express calls to the underlying CVM, OS, or platform (if available).,

Plugins: The present invention provides a mechanism that provides a plugin- or applet- like

capability. A URL specifying a <choice> target or a <form> action may invoke local plugin

code by using the local: protocol, following one of several exemplary forms:
local:service/function; or

local:service/function?argl=valuel,arg2=value2,...

The first form is useful for <choice> targets which have no arguments and for <form>

actions where the arguments are supplied by the browser from the values of the contained
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<field>s. The second form is useful for <choice> targets where the arguments are supplied in
the URL.

In a preferred embodiment of the browser implementation using Java, a local: URL is
implemented by looking up the service in a local table that maps it to a class name, instantiating
an object of that class if it is not already instantiated, and then interpreting the function as the
name of a method to be called. The table of services is preferably located in the file services of
the conversational browser, wherein the file itself contains a description of its format. This
includes registration of all the available services and other objects (procedural or not)

The plugin code invoked by the local: URL returns a string containing the CML
document represented by the URL. Visiting a local: URL causes the returned document to be
interpreted in just the same way as visiting any other URL. It is to be appreciated that these
features may also be implemented using applets (downloaded or locals), conversational objects
and servlets/cgi as well as distributed applications (with for example socket connections and
RPC protocols) to act as a local application.

The service may subsequently interact asynchronously with the browser (e.g., to notify
the user asynchronously of important events) by starting a thread and causing the browser to
asynchronously visit specified URLSs (including local: URLS) via an API provided by the
browser. The browser API allows local plugin code to cause the browser to visit a specified
URL, just as if the user had spoken something that caused the browser to visit the URL. This
can be used to provide asynchronous user notifications based on local events. The local plugin
will extend the class CML, Service, from which the local plugin inherits a method visit which,
when invoked, causes the browser to visit the specified URL with the specified parameters:
public class Service {public void visit(URL url, Dictionary parameters) throws IOException;}.

Considerations for Embedded Conversational Browser Applications

Registration mechanism: In situations wherein the functions of an embedded

conversational browser may be limited due to inadequate resources (memory, CPU power, etc), a
cookie mechanism can be used that allows the browser to transfer to a server a description of its
capabilities. For example: Speech_Reco = 1:Speaker Reco = 0; TTS = 1; Dialog_Manager =
0,NLU = 0; Speech_Reco.Vocabulary Size=500; Speech_Reco.FSG=1 etc. Upon receiving the

cookie, the server side can examine its content and then modify the CML page accordingly. For
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example, if the cookie indicates that the vocabulary size is 50, thc CML menus can be generated
with very limited vocabularies (e.g. selection of a number per item instead of the actual link).

In another embodiment, rather than using a cookie, registration conversational protocols
can be used as described in the above incorporated patent applications IBM Docket Nos.
Y0999-111P and YO999-113P. In such an embodiment, objects are exchanged which describe
the characteristics and properties of the engines as well as possibly the requirements of the
application. The handshake will determine the conversational responsibilities of the applications.
Again, in such case, the preliminary handshake can use HTTP or other protocols such as RPC,
RMI, etc. This is especially important for Dialog Objects that can directly dialog with the server
to check an possibly adapt their behavior to the capabilities of the local browser. Note also that
like in a conventional browsers, these cookies (or procedural protocols) can perform other tasks
such as customization of the presentation or service to the user's preference or persistence of
these preferences or of the history across sessions. In other words, if it is an option selected by
the user, persistence across devices of the context history is guaranteed by having cookies with
the past history of a site uploaded upon connection. When performed via a CVM or procedural
objects, the information is transmitted via procedural protocols. Now ID cookies are also used
to guarantee persistence across devices when stored on the server. When connecting from
different devices, the cookies (or procedural protocol) can be stored on the server or the
presentation server. Identification of the user can be done using conventional techniques such as
userID, caller ID, speaker recognition or speech biometrics. Any other meta-information
(persistence, user preference, application preference, and usage history, context, etc) must be
transferred (via a cookie or via conversational protocols)

Therefore, if the conversational engine cannot generate the baseforms, the tag can
provide a baseform. Various approaches can be utilized: 1) upon determination of the browser
capabilities, the browser is sent a different CML page; 2) a transcoder can dynamically modify a
CML page sent to the browser based on the registered capabilities; or 3) a CML page can be
modified to send the speech and perform complex functions on a networked server (as discussed

in IBM Docket No. YO999-113P).

Dynamic deactivation: The conversational browser may use dynamic activities of CML. This is

another solution which allows modification of the behavior of the conversational browser for
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embedded applications. In particular, instead of completely following the paradigm of "what
you hear is what you can say," the conversational browser may only activate locally the markup
unless explicitly limited by CML. Furthermore, upon reaching the maximum amount of
supported active vocabulary, the speech browser can progressively and hierarchically be
deactivated: the oldest command which is not a browser shell command or a global command
(as defined by the CML with a Global Tag <Global></Global> or priority level tags; this is
equivalent to a concept of scope tags). A top menu remains active as long as possible
commands under a menu item are deactivated first etc. Deactivated commands are cached in
series of command caches. When the likelihood (or other confidence measure of the recognized
input) obtained for a command are too low or the command is rejected by the user, the utterance
is re-decoded against the most recent command cache etc until an acceptable recognition is
obtained. Recently, efforts have been initiated to develop appropriate confidence measures for
the recognized speech. For instance, In “LVCSR Hub5 Workshop,” April 29 - May 1, 1996,
MITAGS, MD, organized by NIST and DARPA, different approaches are proposed to attach a
confidence level to each word. One method uses decision trees trained on word-dependent
features (amount of training utterances, minimum and average triphone occurrences, occurrence
in language model training, number of phonemes/lefemes, duration, acoustic score (fast match
and detailed match), speech non-speech), sentence-dependent features (signal-to-noise ratio,
estimates of speaking rates: number of words or of lefemes or of vowels per seconds, sentence
likelihood provided by the language model, trigram occurrence in the language model), word in
a context features (trigram occurrence in language model) as well as speaker profile features
(accent, dialect, gender, age, speaking fate, identity, audio quality, SNR, etc.). A probability of
error is computed on the training data for each of the leaves of the tree. Algorithms for building
such trees are described in Breiman et al, “Classification and regression trees,” Chapman &
Hal,1993. At recognition, all or some of these features are measured during recognition and for
each word the decision tree is walked to a leave which provides a confidence level. In the
reference by C. Neti, S. Roukos and E. Eide entitled "Word based confidence measures as a
guide for stack search in speech recognition,” ICASSP97, Munich, Germany, April, 1997, a
method is described which relies entirely on scores returned by an IBM stack decoder (using
log-likelihood -actually the average incremental log-likelihood, detailed match, fast match). In

the LVCSR proceeding, another method to estimate the confidence level is performed using
-52.
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predictors via linear regression. The predictor used are: the word duration, the language model
score, the average acoustic score (best score) per frame and the fraction of the NBEST list with
the same word as top choice. The present embodiment offers a combination of these two
approaches (confidence level measured via decision trees and via linear predictors) to
systematically extract the confidence level in any translation process, not limited to speech
recognition.

A "rewind” or “reload” command can be implemented to read back to the user all the
commands met on a page. It follows the same principal of dynamic deactivation. More
specifically, a entire voice navigation interface is provided by the
browser to enable navigation through the previous forms and menus. It can be implemented by a
command and control interface such as IBM’s ViaVoice VoiceCenter (which performs
Command and Control for Windows).

Capability-based frames: Similarly to the frame structure, the CML developers can offer

multiple dialog based on different levels of capabilities [cfr<frame> and </frame> tags in
HTML].

Forms with minimum requirement: Of course only forms (or menus or other

components) which have a limited set of possible entries (limited vocabulary and FSG, selected
menu) can be used with the embedded engines. To maintain the capability to have forms, the
browser offers at least two other modalities: i) form filling with prescribed grammar
(compilation done on the server) and vocabulary list: the other commands, except the <Global>
commands are deactivated, ii) applet capturing the audio, computing special features and
sending them to a server indicated by a URL, iii) applet to send or receive raw audio to the
server. The selection of the form filling method is done by the server or by the browser. This
requires that each grammar/vocabulary list to load must contain also a description of the engine
requirements. (ii and iii need server/communication capabilities as described in YO999-113P).

A tool will be needed to determine roughly the engine minimum requirements for a given
FSG, for the transcoding approach as well as the multiple pages or frame approaches.

MULTI-MODAL BROWSER

With multi-model browsing, HTML and CML can provided on the same page or sent
separately and synchronized. Tags to distinguish what is to show on a visual browser (<GUI>)

vs. what to show on a multi-modal browser (<M-M>) and speech browser (<speech>): a GUI
-53-
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browser displays everything while a multi-modal browser can display selectively some items.
This is illustrated by the following examples:
<GUI>

</Speech+GUI+M-M>
<GUI+M-M>
<img=...>
</GUI+M-M>
<Speech>

<M-M>

</M-M+Speech>

In other words, CML and HTML are preserved. Some dynamic HTML features and functions as
well as combinations rules are added.

Additional tags to offer Dynamic ML (HTML and CML combined): For example as the
TTS reads the text, the item change colors or a local background change color. Change of color
of the link selected by voice etc... Selection of recognized text by voice (change color can be

selected and modified).

-54-
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In summary, the introduction of the conversational browser allows Internet and
Telephone (IVR) to be unified and thereby decrease the cost, enlarge the coverage and flexibility
of such applications. The architecture uses the same access protocols and the information
structure (HTML, XML, CML and/or other ML such as WML). The present invention can be
applied to many different business solutions. The main advantages are that it is easy to
implement, high flexible, platform independent, uses the existing infrastructure, deployed and
managed centrally, provides high security, low cost maintenance, and is readily
expandable/scalable, all of which are typical for any Internet solutions. Advantageously, the
application provider need support only one HW platform which provides ease of maintenance.
The content provider can administer various applications from the same WWW server so as to
service a large number of different clients (pure speech, pure GUI and a combination of
speech/GUI), which provides ease of maintenance. Moreover, the Internet technology enables
automatic updating of all servers on the network. The access rights can be also managed
centrally from any place accessible over Internet. High level of security can be maintained. The
current architecture can be extended to other clients in addition to regular telephones, such as
GSM terminals. This is very attractive from the perspective of the investment that is required to
maintain a service such as personal banking.

In addition, when only HTTP protocols are used, the traffic on the network between the
browser (conversational/GUI) and the WWW server is minimized, the network is used for
sending the completed replay in one batch. For example, while entering the account Number
and the SSN only the browser/conversational browser are active, the network is idle. The
browsers are intelligent enough to catch many errors before the server is queried. Error
correction and local disambiguation can for example be performed via CVM services or
downloaded applets. The information to the WWW server is sent in both cases using the same
protocol the HTTP protocol. The replay information is sent back always using the same protocol
and it is the task of the browser to get it to the user in the right form. The suggested architecture
enables the designers of thesc applications to use applets, small programs (java or other
conversational procedures, especially if the browser is written over a CVM)), which are executed
in the browser to preprocess the input and output information. This further increases the
flexibility of the application and furthermore decreases the load of the network. For the

conversational browser we can easily imagine a custom "Text to Speech" applet will be sent over
-35-
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and then the required bandwidth will be the same or smaller then the graphical one. In
particular, this can be done to synthesize prompts in another language and recognize input in
other languages.

Indeed, the present invention provides these advantages to the current telephony
applications, typically the [IVR applications. The telephone number is perfect for billing
purposes. The latency of Internet does not pose any problem to IVR. In any event, latency can
be reduced using services like Qos (quality of service) and RSVP (resource reservation
protocol). The capability of connecting on the Internet to other servers (IVRs) makes the
capabilities much larger. The server can be located anywhere on a computer network with the
access to required speech recognition systems being also available anywhere on the network.
The packet switching technology with the TCP/IP protocol utilized the net resources better then
regular phone connections. The billing may be based on the quality of used channel. The
switched packet network is cheaper and transfers less data, therefore, requiring less bandwidth.
This will result in providing the services with lower cost. This concept gives anybody chance to
set a server and put the information on net.

Although illustrative embodiments have been described herein with reference to the
accompanying drawings, it is to be understood that the present system and method is not limited
to those precise embodiments, and that various other changes and modifications may be affected
therein by one skilled in the art without departing from the scope or spirit of the invention. All
such changes and modifications are intended to be included within the scope of the invention as

defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A conversational browsing system, comprising:
a conversational browser comprising:
a command and control interface for converting an input command into a
5 navigation request, the input command comprising a speech command; and
a CML (conversational markup language) processor for parsing
and interpreting a CML file, the CML file comprising meta- information
representing a conversational user interface for presentation to a user;
a conversational engine for decoding input commands for interpretation by the command
10 and control interface and decoding meta-information provided by the CML processor for
generating synthesized audio output; and
a communication stack for transmitting the navigation request to a content server and

receiving a CML file from the content server based on the navigation request.

2. The conversational browsing system of claim 1, where the input

15 command comprise multi-modal input.

3. The conversational browsing system of claim [, further comprising a (CVM)
conversational virtual machine, wherein the conversational browser executes on top of the CVM

and makes requests for conversational services to the conversational engines through the CVM.
4. The conversational browsing system of claim 3, wherein the conversational browsing
20 system executes in a client device, and wherein the communication stack comprises
conversational protocols for registering conversational capabilities of the client device with the

content server.

5. The conversational browsing system of claim 3, wherein one of the conversational

browser, CVM and conversational engines are distributed over a network.
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6. The conversational browsing system of claim 1, wherein the communication stack
implements standard networking protocols for transmitting the navigation request and receiving

the CML file.

7. The conversational browsing system of claim 6, wherein the standard networking
protocols comprise one of TCP/IP (transmission control protocol/internet protocol), HTTP
(hypertext transmission protocol), WAP (wireless application protocol), VoIP (voice over

internet protocol) and a combination thereof.

8. The conversational browsing system of claim 1, further comprising a transcoder for

converting legacy information formats of a content server to a CML file.

9. The conversational browsing system of claim 8, wherein the transcoder accesses and
interprets logic information of an application to generate a dialog with a user through the

conversational browser.

10. The conversational browsing system of claim 8, wherein the transcoder is executed
on one of the conversational browser, a conversational proxy server, the content server, or

distributed among a combination thereof.

11. The conversational browsing system of claim 8, wherein the transcoder generates a
custom CML file based on conversational capabilities of the machine on which the

conversational browsing system executes.

12. The conversational browsing system of claim 1, wherein the CML file comprises one
of (1) a page elements that group other CML elements; (2) a body element which specifies
output to be spoken by the conversational browser (3) a menu element comprising introductory
text that is spoken to a user and a list of choices, each choice having prompt text and being
associated with a target address identifying a CML element if the corresponding choice is
selected; (4) a form element for inputting at least on item of information and a target address to

sent the at least one item of information; and (5) a combination thereof.
-58-
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13. The conversational browsing system of claim 12, wherein a target address comprises

one of a URL (uniform resource locator) and a socket address.

14. A method for providing conversational browsing, comprising the steps of:

receiving an input command, the input command comprising a speech command;

decoding the input command with at least one of a plurality of conversational engines;

generating a navigation request based on the decoded input command for retrieving a
CML (conversational markup language), the CML file comprising meta- information
representing a conversational user interface for presentation to a user;

transmitting the navigation request and accessing the requested CML file using a
standard networking protocol; and

parsing and interpreting meta information comprising the CML file to provide an audio

presentation of the information content of the CML file.

15. The method of claim 14, further comprising the step of:
registering conversational capabilities with an entity from which the CML file is
accessed; and

customizing the CML file based on the registered capabilities.

16. The method of claim 14, further comprising the step of:
generating a navigation request for accessing a file comprising a legacy information
format; and

converting the legacy information format to a CML file.

17. The method of claim 16, wherein the step of converting is performed by a

transcoding proxy associated with a content server from which the file is accessed.

18. The method of claim 14, further comprising the steps of accessing and interpreting

logic information of an application associated with the CML file to generate a dialog.

-59-
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19. A program storage device readable by a machine, tangibly embodying a program of
instructions executable by the machine to perform method steps for providing conversational
browsing, the method steps comprising:

receiving an input command, the input command comprising a speech command;

decoding the input command with at least one of a plurality of conversational engines;

generating a navigation request based on the decoded input command for retrieving a
CML (conversational markup language), the CML file comprising meta- information
representing a conversational user interface for presentation to a user;

transmitting the navigation request and accessing the requested CML file using a
standard networking protocol; and

parsing and interpreting meta information comprising the CML file to provide an audio

presentation of the information content of the CML file.

20. The program storage device of claim 19, further comprising instructions for
performing the step of:
registering conversational capabilities with an entity from which the CML file is

accessed such that the entity can customize the CML file based on the registered capabilities.

21. The program storage device of claim 19, further comprising instructions for
performing the step of:

generating a navigation request for accessing a file comprising a legacy information
format; and

converting the legacy information format to a CML file.
22. The program storage device of claim 19, further comprising instructions for

performing the step of accessing and interpreting logic information of an application associated

with the CML file to generate a dialog.
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SYSTEM AND METHOD FOR BILATERAL COMMUNICATION
BETWEEN A USER AND A SYSTEM

This application is a continuation-in-part of application serial No.
(identified by attorney docket No.10244-003), filed February 1, 2000, which is
hereby incorporated by reference in its entirety. Both that application and this application
claim priority from provisional patent application serial No. 60/118,800. filed February 4,

1999, which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION
The present invention relates to the fields of speech processing, human-

machine dialogue, and database retrieval in both client-server and other computer systems.

BACKGROUND OF THE INVENTION

Conventional speech recognition systems are generally unidirectional.
Speech recognizers typically receive verbal input from a user and execute commands or
produce textual output that could otherwise be effected or created by the user with a keypad,
keyboard, or other input device. Speech synthesizers typically simply generate verbal
output that otherwise would be available to the user on screens or printouts. Furthermore,
conventional speech systems do not fully utilize context information which is an integral

part of human-to-human communication.

SUMMARY OF THE INVENTION

Disclosed is a bilateral speech system and method that allows effective
communication between a person (a user) and a computer. In a preferred embodiment. the
disclosed system comprises a speech recognizer for recognizing spoken input from a user
and a language model and query generator for interpreting that input and generating
database queries from it. User input may comprise a statement; a question; or an answer to
a question posed by the system.

User input is interpreted both on the basis of the input itself and on the basis
of the context in which the input was made. This context is developed by storing aspects of
a continuing dialogue between the user and the system in memory.

System output may take the form of either information output to the user or
actions taken by the system to satisfy user requests. System output is also informed by, and
contributes to, the stored context. Information output to the user may comprise a statement;

a question; or an answer to a question posed by the user.
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In another aspect, the present disclosure includes a method that comprises the
steps of receiving a first statement in a natural language from a user, generating first
information based on the first statement, and storing context information of at least one of
the first statement and the first information.

The method of the present invention further includes the steps of optionally
generating a question to be presented to the user in a natural language based on context
information, receiving a second statement in the natural language from the user, and
generating second information based on the second statement and the context information.

Moreover, the method may include the steps of incorporating content
information generated based on the second information into a web page. If desired. the web
page may be dynamically generated. The method may also include the steps of generating
grammatical data for the first statement, generating one or more parsing tokens based on the
grammatical data, and storing the parsing tokens as part of the context information. Further.
the parsing tokens can be added, modified, or removed based on the second statement.

The method of the present invention may further include the steps of
identifying linguistic structures in the second statement based on the context information.

In particular, the method may further include the steps of identifying an antecedent to a
pronoun in the second statement or disambiguating a homonym in the second statement.

The method may also include the steps of storing and updating the context
information each time a new statement in the natural language is received or providing at
least one of a superlative and a comparison of the first information based on the context
information. Here, the first information includes a plurality of items that can be compared
with each other.

The disclosed system may include a server computer that includes an input
device configured to receive a first statement in the natural language from a user. The
server computer is configured to generate first information based on the first statement. The
server computer also includes a memory bank configured to store context information of at
least one of the first statement and the first information. The input device is further
configured to receive a second statement in the natural language from the user. In turn, the
server computer is further configured to optionally generate a question to be presented to the
user in the natural language based on the context information and configured to generate
second information based on the second statement and the context information.

The disclosed system may also include a client computer configured to
receive a plurality of statements from the user and configured to forward the received
plurality of statements to the server computer.

The server computer may include a knowledge database configured to

provide language processing information. In particular, the server computer may be

-2
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configured to generate a plurality of parsing tokens based on the first statement and the
language processing information. The memory bank may further be configured to store the
parsing tokens as part of the context information. Furthermore, the server computer may be
further configured to add. modify, or remove the stored parsing tokens in the memory bank
based on the second statement.

The server computer may be further configured to identify linguistic
structures in the second statement based on the context information. In particular, the server
computer may be configured to identify an antecedent to a pronoun in the second statement
or identify a disambiguating homonym in the second statement.

Moreover, the server computer may be further configured to store and update
the context information each time a new statement in the natural language 1s received by the
input device.

The disclosed system may also include an output controller configured to
dynamically generate a web page at a client computer based on at least one of the first
information and the second information.

The disclosed system may also be used to facilitate a virtual salesman

functionality to individuals who visit an e-commerce website.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred features of the present invention are disclosed in the accompanying
drawings, wherein similar reference characters denote similar elements throughout the
drawings, and wherein:

FIG. 1A is a block diagram of a preferred embodiment of the disclosed
system;

FIG. 1B is a block diagram of various databases of the disclosed system;

FIG. 2 is a diagram illustrating speech recognition in the disclosed system:;

FIG. 3 is a diagram illustrating operation of a language model in the
disclosed system;

FIG. 4 is a diagram illustrating query generation in the disclosed system;

FIG. 5 is a diagram illustrating results processing in the disclosed system;

FIG. 6 is a diagram illustrating a second language model in the disclosed
system,;

FIG. 7 is a diagram illustrating speech synthesis in the disclosed system;

FIG. 8 is a diagram illustrating operation of the disclosed system: and

FIG. 9 is a block diagram illustrating a client-server configuration of the

disclosed system.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1A illustrates a bilateral communication system 101 adapted to conduct
a dialogue with a user and perform tasks that the user requests. As shown in FIG. 1A,
system 101 preferably comprises a microphone 102. When a user speaks into microphone
102, the microphone generates an analog speech signal that is transmitted to a speech
recognizer 103. Speech recognizer 103 converts the analog speech signal into phonemes in
the form of digital text.

The output of speech recognizer 103 is transmitted to a first language model
105 that includes a parser. Language model 105 exchanges grammatical and other data with
a system state 107 and a knowledge database 108. Using this data, language model 105
produces parsing tokens that it sends to a database query generator 109.

Database query generator 109 generates queries to a database 111. Database
111 searches data stored therein for the desired information and passes raw information to a
result interpreter 113 that interprets the results. A second language model 115 receives the
interpreted results from result interpreter 113 and exchanges relevant information with
system state 107 and knowledge database 108 to produce a digital text response. Although
illustrated in FIG. 1A as distinct components, it should be noted that first and second
language models 105, 115 may be implemented as a single language model that performs
the functions of first and second langnage models 105, 115.

The output from language model 115 is transmitted to a synthesizer 117 that
converts the response text to analog speech for output to the user via a speaker 118. The
components of system 101 described above, with the exception of microphone 102 and
speaker 118, may preferably be implemented as software and/or data.

In an alternative preferred embodiment, system 101 may be implemented
without microphone 102 and speech recognizer 103. In this embodiment. the user directly
types a question or statement on a keyboard 104. In addition, system 101 may be
implemented without synthesizer 117 and speaker 118. In that case, output to the user may
take the form of text or other information displayed, for example, on a visual display 120.

As discussed above, knowledge database 108 is preferably coupled to first
and second language models 105, 115 and also to system state 107. A preferred
embodiment of knowledge database 108 is shown in FIG. 1B. As shown in FIG. 1B,
knowledge database 108 preferably comprises a general language database 122, a domain
specific language database 124, a rules database 126, and a frequently asked question (FAQ)
databasc 128.

General language database 122 preferably stores information relating to

conventional natural language understanding such as a dictionary, a list of grammar rules
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and/or a synonym knowledge base. The synonym knowledge base is utilized, for example,
in correcting misspelled words.

Domain specific language database 124 preferably stores usage specific
information. Assume, for example, that system 101 is adapted to respond to queries from a
user concerning the time and channel that a particular program will be broadcast. In that
event, domain specific language database 124 preferably stores information relating to
various television programs including the station that will broadcast them and the time at
which they will be broadcast. In a second example, assume that system 101 is adapted to
respond to queries from a user concerning computer devices. In that case. domain specific
language databasc 124 preferably stores information relating to computer-related concepts,
such as definitions and characteristics of random-access memories (RAMs), read-only
memories (ROMs), displays, and central processing units (CPUs).

Rules database 126 preferably stores information directed to generat
constraints on items stored in the other databases. Thus, if in the first example above one of
the programs for which information is stored in knowledge database 108 is Seinfeld, then
one illustrative rule might be that the original Seinfeld programs were broadcast on
Thursdays. Similarly, if in the second example above one type of computer for which
information is stored is laptop computers, then one illustrative rule might be that laptop
computers commonly have only one display monitor.

FAQ database 128 stores answers to frequently asked questions. Thus,
continuing with the above examples. a frequently asked question in the first example might
be: “Where and when is Seinfeld being broadcast this week?”, and a frequently asked
question in the second example might be “What is RAM?”.

In one exemplary embodiment, database 111 may be a product database. For
example, it may be a product database for computer devices that includes a list of items
such as computers, software applications, computer accessories, memory devices, and
display monitors.

System state 107 preferably comprises at least a portion of a memory bank
that retains data from first and second language models 105, 115 concerning the context
created by both statements made by the user and output from database 111. For instance,
when a user asks a first question, system state 107 retains data from language model 105
concerning that question. In a preferred embodiment, the memory bank may be distributed
between system state 107 and one or both of language models 105, 115.

After the user receives a response to a first question, the user may wish to ask

follow-up questions. Thus, for example, if the user’s first question was:

“Where and when is Seinfeld being broadcast this week?”,

-5-
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and the response provided to the user by system 101 was:
“Monday through Friday at 7:30 PM”,

then the user might follow that answer with the request:
“Give me a summary of the third and fourth”.

In that case, because system state 107 stores the context provided by the user’s first
question or statement as well as the context provided by the first answer, system 101 is able
to respond to this request without the user repeating the facts in the initial question (i.e., that
the user is referring to episodes of Seinfeld to be shown this week).

System 101 may then process the follow-up question or request using speech
recognizer 103, first language model 105, system state 107. knowledge database 108. query
generator 109, database 111, result interpreter 113. second language model 115. and
synthesizer 117. System state 107 gives the second question or request a context from
which it is understood that the user is referring to the initial inquiry concerning, for
example, Seinfeld episodes. The output at speaker 118 will then include the requested
summaries.

Continuing with this example, assume that, after receiving the summaries of

the third and fourth episodes to be shown that week, the user asks system 101 to:
“Record the third episode”.

To respond to that demand, system 101 again processes the input using speech recognizer
103, first language model 105, system state 107, knowledge database 108, query generator
109, database 111, result interpreter 113, second language model 115, and synthesizer 117.
Again, system state 107 recollects the context information and permits the system to react to
the more specific order from the user without requiring the user to repeat the earlier
statements/questions or their factual predicate.

System state 107 may then operate a device controller 119 that takes the
database results and the stored context information, and controls a device, such as a video
cassette recorder (VCR), web browser, etc., and makes the device perform the action
requested by the user. For example, device controller 119 may set a VCR to the time and
channel of the episode or episodes to be recorded. At the same time, synthesizer 117 may

cause speaker 118 to inform the user:
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“Episode 3 set for recording at 11 P.M. Thursday.”

Device controller 119 may be adapted to govern any number of devices. For
example, if the user wishes to have system 101 browse the web, device controller 119 may
contro] a browser to cause the browser to search for any kind of information and return
graphic. text, sounds. pictures, video, multimedia, etc. The result can also be displayed on
visual display 120.

Speech recognizer 103 may be any speech recognition engine using computer
application programs such as IBM Via Voice™ and Dragon Dictate'™ both of which run on
standard PC platforms. FIG. 2 illustrates an exemplary embodiment of speech recognizer
103 translating speech into text.

Text from speech recognizer 103 (or that is entered directly by the user), is
then processed by first language model 105. In a preferred embodiment. language model
105 may pre-process the text. This pre-processing may include correcting any misspelled
words and phrases by matching words and phrases in the text to words and phrases in the
various databases of knowledge database 108. The pre-processing may further include
expanding any abbreviations in the text.

FIG. 3 illustrates subsequent operation of first language model 105. As
shown in Fig. 3, language model 105 first assembles a complete “phrase” in an **Accept
Phrase” section 131. Timing cues may provide information as to the end of a phrase. The
timing cues can be extracted from stops and pauses when the user speaks to system 101 or
when the user types the text using keyboard 104.

In a “Scan Grammar” section 133, language model 105 scans through a set of
valid grammars and compares them with each incoming phrase. In a “Pick Grammars™
section 135, language model 105 chooses a limited set of grammar candidates from system
state 107 to explore based on their weightings. Each of the selected grammars is applied in
an “Apply Grammar™ section 137. The results of each grammar are evaluated and a single
one is chosen based on several possible criteria. The state changes from the final grammar
are sent to system state 107. The tokens generated by the final grammar are then sent to
query generator 109, as will be described in connection with FIG. 4. Language model 105
can also search for special salient words and phrases in the text.

Turning to FIG. 4, there is shown a preferred embodiment of query
generation in the present system. Query generator 109 can retrieve information from
domain specific language database 124. Specialized domain processing based on the
grammar and the instantiated tokens takes place in a domain specific processing section

141. Processing includes, but is not limited to, the generation of an SQL query from the
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tokens in a tokens-to-SQL section 143. The query may then be supplied to an SQL database
145. Examples of suitable database systems are Sybase™ and Oracle™.

If an appropriate answer for the grammar is not found, a fuzzy matching
process may be employed to refine the answer, e.g., searching phonetically. The end result
is a results table 147 containing the information requested.

As shown in FIG. 5, the contents of results table 147 are sent to result
interpreter 113 for additional data mining to produce summarized results. Information
summary and consolidation features may also take place.

As shown in FIG. 6, the summarized results arrive at second language model
115. Here the current grammar and conversation history are used to interpret the returned
data and generate a formatted response. System state 107 is updated to reflect the new
conversation history and updates the grammar weightings for “Pick Grammars” 135 of first
language model 105. Updates to system state 107 signal actions for the controlled unit to
execute.

As shown in FIG. 7, the text portion of the response is then sent to
synthesizer 117. Synthesizer 117 may be a standard speech synthesis engine. Here the text
response is converted to speech and played back to the user.

At this point, the user may speak again and the process repeats itself, going
from the general to the specific and using system state 107 to remember the user’s more
general statements and questions and the systems more general statements and answers so as
to produce more specific responses.

In this process, speech is received, converted to text, a query is generated,
output is created, and another query from the user follows. The result is typically a loop in
which the dialogue progresses from general to specific.

Take the following third example. Assume that a user commences a

dialogue with system 101 by saying:
“I'm looking for a song with particular lyrics A.”

System 101 may then identify the song and output the song’s name to the user, in the

manner described above. Assume further that the user next says:
“Can I see the lyrics?”.

In that event, system 101 may retrieve the lyrics from database 111 because system state 107

has memorized the first question and all the data connected therewith.
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As noted, system 101 preserves the context that allows system 101 to

respond to the second question. Otherwise. the user would have to say:

“Can I see the lyrics for song X?”.

More particularly, because it preserves context, system 101 is able to handle successive
increasingly-specific questions. Take the following fourth example. Assume that the user’s

first statement to system 101 is:

“I'm looking for a Beatles album, the forty-fourth album by
the Beatles.”

System 101 then provides the name of the forty fourth album, in the manner described

above. If the user then says:

“What songs are on that particular album?”,

and there are 20 songs on the album, system 101 may retrieve all the song titles from
memory and output them to the user because it comprises a memory that retains the place in
the conversation.

The memory bank may also store the tokens generated by language model
105 as part of the context. These tokens represent requests and constraints detected by
language model 105, both current and previous. These tokens are updated and/or modified

by both first and second language models 105, 115 based on the statements and/or questions

by the user and the database query results. In a preferred embodiment, these updates may

25

30

35

take the form of additions, modifications, or removals.
Take the following fifth example. Assume that at some point in a dialogue
with system 101, the user states:

“I am looking for a computer less than $30007.

In that event, an addition occurs, i.e., system 101 adds a price token to the context. If,

however, the user subsequently states:

“I want to spend less than $25007,
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then a modification occurs, i.¢., system 101 modifies the price token to reflect the user’s

latest statement. Finally, if the user subsequently states that:
“price is not important”,

then a removal occurs, i.e., system 101 removes the price token from context.

Since all non-trivial dialogs have a context, the memory bank is preferably
configured to continually store the context of the dialog between the user and system 101.
The context, built during processing of statements and/or questions entered by the user and
the database query results. contains linguistic information, such as a list of possible
grammars and weightings thereof. Certain processing is enabled through use of context
including the processing of superlatives and comparisons. Take the following sixth

example. Assume that a user states at some point during a dialogue with system 101 that:
“I would like something that costs less than that”.

In that event, system state 107 may look to the context to see what price range 1s currently in

context. Alternatively, in a seventh example, assume that the user states:
“I would like the the cheapest one™.

In that event, the desired item may by identified by checking the list of results posted in the
context during a previous output to the user.

The context may also contain information that allows language models 105,
115 to identify or define linguistic structures, such as antecedents for pronouns (e.g., if the
user refers to “these” or “it”) by utilizing histories of the database query results, histories of
statements and/or questions entered by the user, histories of outputs generated, the nature
and motivation of such outputs (i.e., answer, prompt, request for clarification), and context
at the time of earlier processing by language models 105, 115.

Linguistic information may also be used to disambiguate user statements,
such as those containing homonyms (for speech recognition or misspelled words), or
references to earlier identified items (e.g., “the second one”). This information may also be
used to post expectations in the form of probabilities or weightings to help language models
105. 115 to better process words, phrases, and the occurrence of features or units.

Take the following eighth example. If at some point during a dialogue with a

user, system 101 output the question:

-10-
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“how much would you like to spend™.

system 101 may post into context that price is a likely feature to be input next. Then, when

the user inputs a response such as:
.;2000”’

that response may be correctly interpreted as a price parameter. Alternatively. in a ninth
example, assume that at some point in a dialogue with the user, system 101 output the

question:
“what do you expect to use this computer for?”.

In that event, system 101 may post an expectation that an activity will likely be input next.
A response from the user of “gaming” may then be properly interpreted grammatically and
semantically.

The context may also contain information that is characteristic of a
continuing dialogue between the user and system 101. For example, an unfulfilled request.
and the number of times such a request has remained unfulfilled, may be utilized to guide
language models 105, 115 to generate a helpful statement and/or a helpful question to be
presented to the user. Other examples include recommendations made that are close to the
desired query, changes in requirements (e.g., “I decided that [ don't care about price™), and
events when the user failed to respond to a prompt or suggestion. Furthermore, context may
contain information gathered about the user, such as preferences. This profiling information
can be stored for interactions at a later date.

The context may be updated with each exchange (input and response) of the
conversation. The context stores previously detected constraints and requests that are
combined with the latest verbal input to create a progressively more refined database query.

Since the context is utilized, output of system 101 may be in the form of the
requested information, an indication that the information is not available, a request for
clarification, a recommendation, and/or a prompt for more information. Returning to the

first example, the reply to the user’s initial question concerning Seinfeld episodes may be:

“There are five Seinfeld episodes this week. the first on
Sunday at 8:00 PM on channel 110, the second on
Wednesday, etc.”

-11-
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rather than simply stating:
“Five episodes are available”.

System state 107 then retains data concerning the answer.

In a ninth example, if a request is made for computers that are:
“good for running spreadsheets”,
and 3 such computers are found, the system output may be:
“all 3 are good for spreadsheets”
rather than simply:
“here are 3 that you asked for.”

In addition, a combination of the user statements and/or questions, the summarized results,
and context may be used to control device controller 119,

As noted above, the present invention furnishes database access, in particular
access to a relational database accessed via SQL. In a preferred embodiment, system 101
assumes that the user's goal is always to form an SQL query. The language model assisted
by the context offered by the working memory forms the basis for the query. In a tenth

example, if the user asks for;
*“a list of Beatles albums”

then that request is stored in working memory. Therefore if the user subsequently asks for:
“albums from 1969",

the query will be generated based on Beatles albums from 1969.

FIG. 81is a flow chart depicting operation of system 101. As shown in FIG.
8, in step 181 the user enters a statement or question into a speech receiver such as
microphone 102 that may be part of speech recognizer 103. In step 183 speech recognizer
103 converts the speech into phonemes in the form of digital text. In step 185, first

language model 105 that includes a parser receives the digital text from speech recognizer

-12-
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103. "Accept Phrase" section 131 of first language model 105 assembles a complete
"phrase.” A complete phrase may, for example, be determined by a delay greater than a
specific amount of time. Still in step 185, "Pick Grammars" section 135 scans a limited set
of grammar candidates to explore in system state 107 based on their weightings.

In step 187, grammars are chosen and applied by "Apply Grammar" section
137. The results of each grammar are evaluated and a single one is chosen based on which
is the best fit. In step 189, the grammar is executed and state changes from the final
grammar are sent to system state 107 for memorization. In step 191, first language model
105 generates tokens on the basis of the final grammar. In step 193, first language model
105 sends the tokens to query generator 109, In step 195, query generator 109 generates an
SQL query from tokens in tokens-to-SQL section 143. In step 197, database 111 is
searched to form result table 147 containing the information requested.

In step 199, result interpreter 113 receives table 147 for additional data
mining to interpret the results. In step 201, second language model 115 uses the interpreted
results and the conversation history from system state 107. Specifically. the current
grammar and conversation history are used to interpret the returned data and generate a
formatted response. In step 203, system state 107 is updated to reflect the new conversation
history and updates the grammar weightings for "Pick Grammars" 135 phase of first
language model 105.

If the conversation is complete, in step 205, system state 107 signals control
of actions, if any, for the controlled unit to execute. In step 207, synthesizer 117 synthesizes
the signals to speech. That is, the text portion of the response is then sent to a standard
speech synthesis engine where it is converted to speech and played back to the user. The
text to speech synthesizer may be in the form of that available under the trademark
Accuvoice.

Step 209 involves return to the speech query step 181 for further specific
queries. Here, the user speaks again in step 181, and text is converted in step 183 and the
process repeats itself, going from the general to the specific and using system state107 to
remember the more general questions so as to produce the more specific answers. In
steps189 and 191, the grammar is executed and tokens generated depending upon the
conversation stored in system state 107. Also, the conversation history and grammar
weightings in system state 107 are updated. This varies depending on the grammar chosen.

FIG. 9 illustrates a preferred client-server environment 301 in which the |
present invention may be implemented. In particular, client-server environment 301
includes a number of client computers 303 connected to one or more server computers 305
via a network 307. Network 307 may use the Internet communications protocols (TCP/IP)

to allow client computers 303 to communicate with server computers 305. Client-server
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environment 301 further includes one or more database management systems 309 which
may preferably be connected to one of server computers 305. However, database
management system 309 may alternatively be located anywhere on network 307 as long as it
can be accessed and/or controlled by server computers 305. Database management system
309 is preferably configured to store and manage knowledge database 108 and database 111.

Client computers 303 may be personal computers (PCs), workstations or
other computer processing units. Each client computer 303 typically includes one or more
processors, memories, and input/output devices. Server computers 305 may be similarly
configured. However, in many instances server computers 305 may include one or more
high performance computers (e.g.. workstations) locally networked together. In fact,
network 307 may include hundreds of thousands of individual networks of computers, e.g..
the Internet. Although client computers 303 are shown separate from server computers 305,
it should be understood that a single computer can perform the client and server roles as
well.

In operation, the user at one of client computers 303 desiring to communicate
with server computers 305 may use a user interface at client computers 303. In the preferred
embodiment, the user interface may be a World-Wide-Web (WWW) browser (or in short a
web browser). A web browser may display plain textual information or more complex
digitally encoded multimedia content, such as software programs, graphics, audio signals,
videos, and etc. Web pages processed by a web browser may be implemented in a variety of
computer languages such as using a standard page description language known as Hypertext
Markup Language (HTML), Extensible Markup Language (XML) or JAVA™, or any other
software language or tool for displaying or otherwise outputting information. For instance,
HTML provides basic document formatting and aliows the developer to specify "links" to
other web pages. Using an HTML-compatible browser (e.g., Netscape Navigator™ or
Microsoft Internet Explorer™) at a client computer, the user can make a request to the
server (sometimes referred to as a "Web site") identified in the link and, in return, receive a
document or other object formatted according to HTML. It should be noted that the request
by the user can be in the form of voice statements/questions or text inputs as discussed
above.

It should be understood that network 307 can also be another wide or local
area network (WAN or LAN) and may employ communications protocols other than
TCP/TP.

Referring back to FIG. 1, the various components of system 101 discussed
above may reside at a client computer and/or a server computer. For instance, in one
exemplary embodiment, microphone 102 and speaker 118 may reside in a client computer,

and the remaining components described in FIG. 1 in a server computer. In this exemplary
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embodiment, a statement uttered by a user at a client computer is preferably converted to an
analog speech signal. The analog speech signal is then forwarded to speech recognizer 103
which can be located either at a client computer or in a server computer. The subsequent
processing is performed by the server computer in which the rest of the components reside.
After processing the statement as discussed above in connection with FIGs. 1-8, the output
generated by the server is then forwarded to the client computer in which speaker 118
resides. [t should be noted that the client computer in which microphone 102 resides can be
different from the client computer in which speaker 118 resides.

Further, as discussed above, device controller 119 may control a web
browser. More specifically, the output ggnerated by the server may include text, lists.
pictures, graphics, and other objects that can be output to a user. Therefore, device
controller 119 is further configured to dynamically generate. for example, one or more web
pages on the client computer by automatically arranging the output into one or more web
pages as known in the art.

In another exemplary embodiment. the input can be text input. In this
embodiment, speech related components are not provided.

In a preferred embodiment, system 101 may be adapted to provide a virtual
salesman functionality in an e-commerce environment. In particular, system 101 may be
located at an e-commerce website comprising, for example, a plurality of static, dynamic,
and/or active webpages comprising information concerning items or services for sale or
rental and additional software to facilitate the sale or rental of the items or services to
customers who visit the website. This additional software may, for example. comprise
payment software to permit a user to pay for an item or service with, for example, the user’s
credit card.

In this preferred embodiment, system 101 may be adapted to engage in a

sales dialogue. Thus, for example, the system could facilitate the following dialogue:
User input #1: URL of e-commerce site

System response #1: Hi. Welcome to e-commerce.com. What would you like to buy

today?
User input #2: I"d like to buy a computer.
System response #2: What kind of computer do you want?

User input #3: I’m not sure.
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System response #3:  Well, how are you going to use the computer?

User input #3: Well, I travel a fair amount and I like to play computer games.

System response #4: Sounds like you could use a laptop with a good size hard drive.

User input #5: What's a hard drive?

System Response #6: [t is one type of memory in a computer. It is typically the biggest
memory in the computer and is used to store large programs and
chunks of data. Let me show you some laptops that might be good
for you.

[output dynamic web page displaying laptops with large hard drives]

User input #7: Those are too expensive!

System response #7:  OK, let me see if we’ve got some that are a little more in your price

range. How much were you looking to spend?

User input #8: About $2500.

System response #8: OK, here are some laptops with good size memories in that range.
[output dynamic webpage with reasonably priced laptops with
relatively large hard drives]

User input #9: That third one looks good.

System response #9: Would you like to buy it?

User input #10: Yes.

System response #10: How would you like to pay for it?

User input #11: Credit card, please.

System response #11: What kind of card is it?
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User input #12: Visa

System response #12: What is the card number?
User input #13: 5555 5555 5555 5555
System response #13: Expiration date?

User input #14: ten-oh-two

System response #14: OK, one second while I confirm the transaction . . .. OK, the

transaction is confirmed. How do you want us to deliver it?
User input #15: Can you send it UPS?
System response #15: Sure. What is your address?
User input #16: 555 Walnut Street, Anywhere USA.

System response #16: OK, we will send your computer out today, you should get it

tomorrow.

Thus, system 101 may be utilized to provide a virtual salesman functionality
to individuals who visit an e-commerce website.

While embodiments of the present invention have been described in detail it
will be evident to those skilled in the art that the present invention may be embodied

otherwise without departing from its spirit and scope.
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CLAIMS

What is claimed is:
I. A human-machine communication method comprising:

receiving a first statement in a natural language from a user;

generating first information based on the first statement;

storing context information of at least one of the first statement and the first
information;

optionally generating a question to be presented to the user in the natural language
based on the context information;

receiving a second statement in the natural language from the user; and

generating second information based on the second statement and the context

information.

2. The method of claim 1 further comprising:
incorporating content information generated based on the second information into a

web page.

3. The method of claim 2 further comprising:

dynamically generating the web page based on the content information.

4. The method of claim 1 further comprising:
generating grammatical data for the first statement;
generating one or more parsing tokens based on the grammatical data; and

storing the parsing tokens as part of the context information.

5. The method of claim 4 further comprising:

adding, modifying or removing the stored parsing tokens based on the second

statement.

6. The method of claim 1 further comprising:

identifying linguistic structures in the second statement based on the context

information.

7. The method of claim 6 further comprising:

identifying an antecedent to a pronoun in the second statement.

8. The method of claim 7 further comprising:
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disambiguating homonym in the second statement.

9. The method of claim 1 further comprising:
storing and updating the context information each time a new statement in the

natural language is received.

10.  The method of claim 1 further comprising:
providing at least one of a superlative and a comparison of the first information
based on the context information, wherein the first information includes a plurality of items

that can be compared with each other.

11. A human-machine communication system comprising:
a server computer comprising;:

an input device configured to receive a first statement in a natural language
from a user, wherein the server computer is configured to generate first information based
on the first statement;

a memory bank configured to store context information of at least one of the
first statement and the first information;

the input device further configured to receive a second statement in the
natural language from the user, wherein the server computer is further configured to
optionally generate a question to be presented to the user in the natural language based on
the context information and configured to generate second information based on the second

statement and the context information.

12. The system of claim 11 further comprising:
a client computer configured to receive a plurality of statements from the user and

configured to forward the received plurality of statements to the server computer.

13.  The system of claim 11 wherein the server computer further comprises:
a knowledge database configured to provide language processing information,
wherein the server computer is further configured to generate a plurality of parsing
tokens based on the first statement and the language processing information, and
wherein the memory bank is further configured to store the parsing tokens as part of

the context information.
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14. The system of claim 13 wherein the server computer is further configured to add.
modify or remove the stored parsing tokens in the memory bank based on the second

statement.

15. The system of claim 13 wherein the server is further configured to generate the

plurality of parsing tokens based on, in part, timing cues of the first statement.

16.  The system of claim 11 wherein the server computer is further configured to identify

linguistic structures in the second statement based on the context information.

17.  The system of claim 16 wherein the server computer is further configured to identify

an antecedent to a pronoun in the second statement.

18. The system of claim 16 wherein the server computer is further configured to identify

a disambiguating homonym in the second statement.

19. The system of claim 11 wherein the server computer is further configured to store
and update the context information each time a new statement in the natural language is

received by the input device.

20. The system of claim 11 wherein the server computer is further configured to provide
at least one of a superlative and a comparison of the first information based on the context
information, wherein the first information includes a plurality of items that can be compared

with each other.

21. The system of claim 11 wherein the server computer further comprises:
an output controller configured to dynamically generate a web page at a client

computer based on at least one of the first information and the second information.

22. A human-machine communication method, comprising:

receiving a first statement in a natural language from a user;

generating first information based on the first statement;

storing context information in a system state memory that is a function of the first
information;

generating a database query that is a function of the first information;

generating database output that is a function of the database query;
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generating second information that is a function of the database output and the
stored context information;
storing an expectation in the system state memory that is representative of an

expected form of a statement from the user;

receiving a second statement in a natural language from a user; and

utilizing the expectation to comprehend the second statement.
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NATURAL LANGUAGE AND DIALOGUE GENERATION PROCESSING

BACKGROUND OF THE INVENTION

I Field of the Invention
The present invention relates to speech recognition for an object-based computer user
interface. More specifically, the embodiments relate to a novel method and system for user

interaction with a computer using speech recognition and natural language processing.

IL Description of the Related Art

As computers have become more prevalent it has become clear that many people have
great difficulty understanding and communicating with computers. A user must often learn
archaic commands and non-intuitive procedures in order to operate the computer. For example,
most personal computers use windows-based operating systems that are largely menu-driven.
This requires that the user learn which menu commands or sequence of commands produce the
desired results.

Furthermore, traditional interaction with a computer is often slowed by manual input
devices such as keyboards or mice. Many computer users are not fast typists. As a result, much
time is spent communicating commands and words to the computer through these manual input

devices. It is becoming clear that an easier, faster and more intuitive method of communicating

Page 267 of 877



10

15

20

WO 01/78065 PCT/US01/11138

with computers and networked objects, such as web-sites, is needed.

One proposed method of computer interaction is speech recognition. Speech recognition
involves software and hardware that act together to audibly detect human speech and translate
the detected speech into a string of words. As is known in the art, speech recognition works by
breaking down sounds the hardware detects into smaller, non-divisible sounds called phonemes.
Phonemes are distinct units of sound. For example, the word "those" is made up of three
phonemes; the first is the "th" sound, the second is the "o" sound, and the third is the "s" sound.
The speech recognition software attempts to match the detected phonemes with known words
from a stored dictionary. An example of a speech recognition system is given in U.S. Patent No.
4,783,803, entitled "SPEECH RECOGNITION APPARATUS AND METHOD", issued
November 8, 1998, assigned to Dragon Systems, Inc., and incorpqrated herein by reference.
Presently, there are many commercially available speech recognition software packages available
from such companies as Dragon Systems, Inc. and International Business Machines, Inc.

One limitation of these speech recognition software packages or systems is that they
typically only perform command and control or dictation functions. Thus, the user is still
required to learn a vocabulary of commands in order to operate the computer.

A proposed enhancement to these speech recognition systems is to process the detected
words using a natural language processing system. Natural language processing generally
involves determining a conceptual "meaning" (e.g., what meaning the speaker intended to
convey) of the detected words by analyzing their grammatical relationship and relative context.
For example, U.S. Patent No. 4,887,212, entitled "PARSER FOR NATURAL LANGUAGE

TEXT", issued December 12, 1989, assigned to International Business Machines Corporation
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and incorporated by reference herein teaches a method of parsing an input stream of words by
using word isolation, morphological anélysis, dictionary look-up and grammar analysis.

Natural language processing used in concert with speech recognition provides a powerful
tool for operating a computer using spoken words rather than manual input such as a keyboard or
mouse. However, one drawback of a conventional natural language processing system is that it
may fail to determine the correct "meaning” of the words detected by the speech recognition
system. In such a case, the user is typically required to recompose or restate the phrase, with the
hope that the natural language processing system will determine the correct "meaning" on
subsequent attempts. Clearly, this may lead to substantial delays as the user is required to restate
the entire sentence or command.  Another drawback of conventional systems is that the
processing time required for the speech recognition can be prohibitively long. This is primarily
due to the finite speed of the processing resources as compared with the large amount of
information to be processed. For example, in many conventional speech recognition programs,
the time required to recognize the utterance is long due to the size of the dictionary file being
searched.

An additional drawback of conventional speech recognition and natural language
processing systems is that they are not interactive, and thus are unable to cope with new
situations. When a computer system encounters unknown or new networked objects, new
relationships between the computer and the objects are formed. Conventional speech recognition
and natural language processing systems are unable to cope with the situations that result from
the new relationships posed by previously unknown networked objects. As a result, a

conversational-style interaction with the computer is not possible. The user is required to
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communicate complete concepts to the computer. The user is not able to speak in sentence
fragments because the meaning of these sentence fragments (which is dependent on the meaning
of previous utterances) will be lost.

Moreover, conventional speech recognition and natural language processing systems fail
to generate intelligent conversations because they lack a conversational memory. In other words,
conventional systems do not remember the contents of their conversations with users. As a result,
conversations with such system are repetitive, and may result in users repeatedly telling the
systems the same facts over-and-over, or worse, have systems fail to learn and remember simple
concepts.

Another drawback of conventional speech recognition and natural language processing
systems is that once a user successfully “trains” a computer system to recognize the user’s speech
and voice commands, the user cannot easily move to another computer without having to
undergo the process of training the new computer. As a result, changing a user’s computer
workstations or location results in wasted time by users that need to re-train the new computer to
the user’s speech habits and voice commands.

What is needed is an interactive user interface for a computer that utilizes speech

recognition and natural language processing which avoids the drawbacks mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects and advantages of the embodiments discussed herein will become

more apparent from the detailed description set forth below when taken in conjunction with the
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drawings in which like reference characters identify correspondingly throughout and wherein:
FIG. 1 is a functional block diagram of an exemplary computer system;
FIG. 2 is an expanded functional block diagram of the CPU and storage medium of the
computer system of FIG. 1;
5 FIGS. 3A-D are a flowchart of the method of providing interactive speech recognition
and natural language processing to a computer;
FIG. 4 is a diagram of selected columns of an exemplary natural language processing
(NLP) database;
FIG. 5 is a diagram of an exemplary Database Definition File (DDF);
10 FIG. 6 is a diagram of selected columns of an exemplary object table;
FIGS. 7A-D are a flowchart illustrating the linking of interactive speech recognition and
natural language processing to a networked object, such as a web-page;
FIG. 8 is a diagram depicting a computer system connecting to other computers, storage
media, and web-sites via the Internet;
15 FIG. 9 is a diagram of an exemplary user global user registry;
FIGS. 10A-B arc flowcharts illustrating alternate embodiments of the retrieval and
enabling of an individual’s user global user registry during login at a computer workstation; and

FIG. 11 is a diagram depicting an exemplary Dialogue Generation Log.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments discussed herein will now be disclosed with reference to a functional
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block diagram of an exemplary computer system 100 of FIG. 1. In FIG. 1, computer system 100
includes a central processing unit (CPU) 102. The CPU 102 may be any general purpose
microprocessor or microcontroller as is known in the art, appropriately programmed to perform
the method described herein with reference to FIGS. 3A-D. The software for programming the
CPU can be found at storage medium 108 or alternatively from another location across a
computer network. For example, the CPU 102 may be a conventional microprocessor such as
the Pentium ITI™ processor manufactured by Intel Corporation or the like.

CPU 102 communicates with a plurality of peripheral equipment, including a display
104, manual input 106, storage medium 108, microphone 110, speaker 112, data input port 114
and network interface 116. Display 104 may be a visual display such as a CRT, LCD screen,
touch-sensitive screen, or other monitors as are known in the art for visually displaying images
and text to a user. Manual input 106 may be a conventional keyboard, keypad, mouse, trackball,
or other input device as is known in the art for the manual input of data. Storage medium 108
may be a conventional read/write memory such as a magnetic disk drive, floppy disk drive, CD-
ROM drive, silicon memory or other memory device as is known in the art for storing and
retrieving data. Significantly, storage medium 108 may be remotely located from CPU 102, and
be connected to CPU 102 via a network such as a local area network (LAN), or a wide area
network (WAN), or the Internet. Microphone 110 may be any suitable microphone as is known
in the art for providing audio signals to CPU 102. Speaker 112 may be any suitable speaker as is
known in the art for reproducing audio signals from CPU 102. It is understood that microphone
110 and speaker 112 may include appropriate digital-to-analog and analog-to-digital conversion

circuitry as appropriate. Data input port 114 may be any data port as is known in the art for
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interfacing with an external accessory using a data protocol such as RS-232, Universal Serial
Bus, or the like. Network interface 116 may be any interface as known in the art for
communicating or transferring files across a computer network, examples of such networks
include TCP/TP, ethernet, or token ring networks. In addition, on some systems, a network
interface 116 may consist of a modem connected to the data input port 114.

Thus, FIG. 1 illustrates the functional elements of a computér system 100. Each of the
elements of computer system 100 may be suitable off-the-shelf components as described above.
The present embodiment provides a method and system for human interaction with the computer
system 100 using speech.

As shown in FIG. 8, the computer system 100 may be connected to the Internet 700, a
collection of computer networks. To connect to the Internet 700, computer system 100 may use
a network interface 116, a modem connected to the data input port 114, or any other method
known in the art. Web-sites 710, other computers 720, and storage media 108 may also be
connected to the Internet through such methods known in the art.

Turning now to FIG. 2, an expanded functional block diagram of CPU 102 and storage
medium 108 is illustrated. It is understood that the functional elements of FIG. 2 may be
embodied entirely in hardware, firmware, or as software instructions encoded on a computer-
readable medium. In the case of a software embodiment, the software may be found at storage
medium 108 or at an alternate location across a computer network. CPU 102 includes speech
recognition processor 200, data processor 201, natural language processor 202, and application
interface 220. The data processor 201 interfaces with the display 104, storage medium 108,

microphone 110, speaker 112, data input port 114, and network interface 116. The data
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processor 201 allows the CPU to locate and read data from these sources. Natural language
processor 202 further includes variable replacer 204, string formatter 206, word weighter 208,
boolean tester 210, pronoun replacer 211, and search engine 213. Storage medium 108 includes
a plurality of context-specific grammar files 212, general grammar file 214, dictation grammar
216, context-specific dictation model 217, natural language processor (NLP) database 218, and a
dialogue generation log (DGL) file 219. In the preferred embodiment, the grammar files 212,
214, and 216 are Bakus-Naur Form (BNF) files, which describe the structure of the language
spoken by the user. BNF files are well known in the art for describing the structure of language,
and details of BNF files will therefore not be discussed herein. One advantage of BNF files is
that hierarchical tree-like structures may be used to describe phrases or word sequences, without
the need to explicitly recite all combinations of these word sequences. Thus, the use of BNF
files in the preferred embodiment minimizes the physical sizes of the files 212, 214, and 216 in
the storage medium 108, increasing the speed at which these files can be enabled and searched as
described below. However, in alternate embodiments, other file structures are used.

The context-specific dictation model 217 is an optional file that contains specific models
to improve dictation accuracy. These models enable users to specify word orders and word
models. The models accomplish this by describing words and their relationship to other words,
thus determining word meaning by contextual interpretation in a specific field or topic. Take for
example, the phrase “650 megahertz microprocessor computer.” A context-specific dictation
model 217 for computers may indicate the likelihood of the word “microprocessor” being
associated with “computer,” and that a number, such as “650” is likely to be found near the word

“megahertz.” By interpreting the context of the words, via a context-specific dictation model
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217, a speech recognition processor would analyze the phrase, interpret a single object, i.e. the
computer, and realize that “650 megahertz microprocessor” are adjectives or traits describing the
type of computer.

Topics for context-specific dictation models 217 vary widely, and may include any topic
area of interest to a user—both broad and narrow. Broad topics may include: history, law,
medicine, science, technology, or computers. Specialized topics, such as a particular field of
literature encountered at a book retailer’s web-site are also possible. Such a context-specific
dictation model 217 may contain text for author and title information, for example.

The context-specific dictation model 217 format relies upon the underlying speech
recognition processor 200, and is specific to each type of speech recoghition processor 200.

A dialogue generation log 219 is a file, database table, or any other log known in the art
that contains a memory of the conversations between a computer or system practicing the present
embodiment, and a user of such a system. The purpose behind the dialogue generation log 219 is
to create a conversational memory by storing a log of what is spoken. The log is also used to
avoid repetitive speech generation.

An exemplary dialogue generation log 219 is shown in FIG. 11. In this example, the
dialogue generation log 219 is comprised of individual dialogue generation log entries 1112A-x,
each entry representing a line of dialogue or statement exchanged between the system and a user.
Although the format of each entry may vary from embodiment to embodiment, an example
dialogue generation log entry would contain information such as a log entry identifier (ID) 1102,
a user identifier 1104, a statement 1106, the context of the statement 1108, and a date/time stamp

1110. The log entry ID 1102 uniquely identifies each entry 1112. A user ID 1104 represents
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each user of the system. Statements made by the system itself are also recorded in the log, and a
special user ID 1104 is given to the system. In the example illustrated in FIG 11, the system is
designated as user “-1,” and other users are given positive numbers as their user ID 1104. Other
formats to represent users are certainly possible likely. The important part is that the system is
uniquely identified with a user ID 1104 different from system users. Next, each entry contains a
statement of what was spoken 1106, and preferably the context 1108 in which the statement was
spoken. For example, .the statement “I would like to see movies,” would be linked to the context
of “movies” or “film.” Lastly, a date-time-stamp 1110 may be recorded with each entry to
identify the time frame (i.e. how recent) the statement was last made.

The operation and interaction of these functional elements of FIG. 2 will be described
with reference to the flowchart of FIGS. 3A-3D. In FIG. 3A, the flow begins at block 300 with
the providing of an utterance to speech processor 200. An utterance is a series of sounds having
a beginning and an end, and may include one or more spoken words. A microphone 110 may
capture the spoken words in block 300. Alternately, the utterance may be provided to the speech
processor 200 over data input port 114, or from storage medium 108. Preferably, the utterance is
in a digital format such as the well-known ".wav" audio file format.

The flow proceeds to decision 302 where the speech processor 200 determines whether
one of the context-specific grammars 212 has been enabled. If the context-specific grammars
212 are enabled, the context-specific grammars 212 are searched at block 304. In the preferred
embodiment, the context-specific grammars 212 are BNF files that contain words and phrases
which are related to a parent context. In general, a context is a subject area. For example, in one

embodiment applicable to personal computers, examples of contexts may be "news", or

10
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"weather", or "stocks". In such a case, the context-specific grammars 212 would each contain
commands, control words, descriptors, qualifiers, or parameters that correspond to a different one
of these contexts. The use of contexts provides a hierarchal structure for types of information.
Contexts and their use will be described further below with reference to the NLP database 218.

If a context-specific grammar 212 has been enabled, the context-specific grammar 212 is
searched for a match to the utterance provided at block 300. However, if a context-specific
grammar 212 has not been enabled, the flow proceeds to block 308 where the general grammar
214 is enabled.

In the preferred embodiment, the general grammar 214 is a BNF file which contains
words and phrases which do not, themselves, belong to a parent context, but may have an
associated context for which a context-specific grammar file 212 exists. In other words, the
words and phrases in the general grammar 214 may be at the root of the hierarchal context
structure. For example, in one embodiment applicable to personal computers, the general
grammar 214 would contain commands and control phrases.

In block 310, the general grammar 214 is searched for a matching word or phrase for the
utterance provided at block 300. A decision is made, depending on whether the match is found,
at block 312. If a match is not found, then the dictation grammar 216 is enabled at block 314. In
the preferred embodiment, the dictation grammar 216 is a BNF file that contains a list of words
that do not, themselves, have either a parent context or an associated context. For example, in
one embodiment applicable to a personal computer, the dictation grammar 216 contains a
relatively large list of general words similar to a general dictionary.

In block 316 the dictation grammar is searched for matching words for each word of the

11
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utterance provided at block 300. At decision block 318, if no matching words are found, any
relevant context-specific dictation model 217 is enabled at block 317.

At decision block 319, if no matching words are found, a visual error message is
optionally displayed at the display 104 or an audible error message is optionally reproduced
through speaker 112, at block 320. The process ends until another utterance is provided to the
speech processor 200 at block 300.

Thus, as can be seen from the above description, when an utterance is provided to the
speech processor 200, the enabled context-specific grammar 212, if any, is first searched. If
there are no matches in the enabled context-specific grammar 212, then the general grammar 214
is enabled and searched. If there are no matches in the general grammar 214, then the dictation
grammar 316 is enabled and searched. Finally, if there are no matches in the dictation grammar
316, a context-specific dictation model 217 is enabled 317 and used to interpret the utterance.

In the preferred embodiment, when the speech recognition processor 200 is searching
either the context-specific grammar 212 or the general grammar 214, it is said to be in the
“command and control” mode. In this mode, the speech recognition processor 200 compares the
entire utterance as a whole to the entries in the grammar. By contrast, when the speech
recognition processor 200 is searching the dictation grammar, it is said to be in the “dictation”
mode. In this mode, the speech recognition processor 200 compares the utterance to the entries
in the dictation grammar 216 one word at a time. Finally, when the speech recognition processor
200 is matching the utterance with a context-specific dictation model 217, it is said to be in
“model matching” mode. It is expected that searching for a match for an entire utterance in the

command and control mode will generally be faster than searching for one word at a time in

12
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dictation or model matching modes.

It is further expected that any individual context-specific grammar 212 will be smaller in
size (i.e., fewer total words and phrases) than the general grammar 214, which in turn will be
smaller in size than the dictation grammar 216. Thus, by searching any enabled context-specific
grammar 212 first, it is likely that a match, if any, will be found more quickly, due at least in part
to the smaller file size. Likewise, by searching the general grammar 214 before the dictation
grammar 216, it is likely that a match, if any, will be found more quickly.

Additionally, as will be explained further below with regard to the ability of the present
embodiment to adaptively add to both the context-specific grammar 212 and the general
grammar 214, they will contain the most common utterances. As such, it is expected that a
match is more likely to be found quickly in the context-specific grammar 212 or the general
grammar 214 than in the dictation grammar 216.

Finally, as will be explained further below, the words and phrases in the enabled context-
specific grammar 212 are more likely to be uttered by the user because they are words that are
highly relevant to the subject matter about which the user was most recently speaking. This also
allows the user to speak in a more conversational style, using sentence fragments, with the
meaning of his words being interpreted according to the enabled context-specific grammar 212.

By searching in the above-described sequence, the present embodiment may search more
efficiently than if the searching were to occur one entry at a time in a single, large list of all
expected words and phrases.

Referring back to decision 306, if a match is found in the context-specific grammar 212,

then there are three possible next alternatives shown in FIG. 3A. For each matching entry in the
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enabled context-specific grammar 212, there may be an associated action to be taken by the
speech recognition processor 200. Block 322 shows that one action may be to direct application
interface 220 to take some action with respect to a separate software application or entity. For
example, application interface 220 may use the Speech Application Programming Interface
(SAPI) standard by Microsoft to communicate with an external application. The external
application may be directed, for example, to access a particular Internet web site URL or to speak
a particular phrase by converting text to speech. Other actions may be taken as will be discussed
further below with reference to the NLP database 218 of FIG. 4.

Block 324 shows that another action may be to access a row in the natural language
processing (NLP) database 218 directly, thereby bypassing the natural language processing
method described further below. Block 326 shows that another action may be to prepend a word
or phrase for the enabled context to the matching word or phrase found in the context-specific
grammar 306. For example, if the enabled context were “movies” and the matching utterance
were “8 o’clock,” the word “movies” would be prepended to the phrase “8 o’clock” to form the
phrase “movies at 8 o’clock.”

Likewise, if a match is found in the general grammar 214, then the flow may proceed to
block 322 where the application interface 220 is directed to take an action as described above, or
to block 324 where a row in the NLP database is directly accessed. However, if a match is found
in the general grammar 214, no prepending of a context occurs because, as stated above, the
entries in the general grammar 214 do not, themselves, have a parent context.

Alternatively, manually entered words may be captured, at block 301, and input into the

natural language processor.
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Finally, with reference to FIG. 3A, words may be entered manually via manual input 106.
In this case, no speech recognition is required, and yet natural language processing of the
entered words is still desired. Thus, the flow proceeds to FIG. 3B.

In FIG. 3B, at block 328, the natural language processor 202 formats the phrase for
natural language processing analysis. This formatting is accomplished by string formatter 206
and may include such text processing as removing duplicate spaces between words, making all
letters lower case (or upper case), expanding contractions (e.g., changing “it’s” to “it is”), and the
like. The formatting prepares the phrase for parsing.

The flow continues to block 330 where certain “word-variables” are replaced with an
associated wildcard function by variable replacer 204 in preparation for accessing the NLP
database 218. As used herein, the term “word-variables” refers to words or phrases that represent
amounts, dates, times, currencies, and the like. For example, in one embodiment the phrase
“what movies are playing at 8 o'clock” would be transformed at block 330 to “what movies are
playing at $time” where “$time” is a wildcard function used to represent any time value. As
another example, in one embodiment the phrase *“sell IBM stock at 100 dollars” would be
transformed at block 330 to “sell IBM stock at $dollars” where “$dollars” is a wildcard function
used to represent any dollar value. This block may be accomplished by a simple loop that
searches the phrase for key tokens such as the words “dollar” or “o’clock” and replaces the word-
variables with a specified wildcard function. In order to keep track of the location in the phrase
where the substitution was made, an array may be used. This allows re-substitution of the
original word-variable back into the phrase at the some position after the NLP database 218 has

been searched.
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The purpose of replacing word-variables with an associated wildcard function at block
330 is to reduce the number of entries that must be present in the NLP database 218. For
example, the NLP database 218 would only contain the phrase “what movies are playing at
$time” rather than a separate entry for 8 o’clock, 9 o’clock, 10 o’clock, and so on. The NLP
database 218 will be described further below.

At block 332, pronouns in the pﬁrase are replaced with proper names by pronoun replacer
211. For example, in one embodiment the pronouns “I,” “my,” or “mine” would be replaced
with the speaker’s name. Block 332 allows user-specific facts to be stored and accessed in ‘the
NLP database 218. For example, the sentence “who are my children” would be transformed into
“who are Dean’s children” where “Dean” is the speaker’s proper name. Again, this block may be
performed in a simple loop that searches the phrase for pronouns, and replaces the pronouns
found with an appropriate proper name. In order to keep track of the locations in the phrase
where a substitution was made, an array may be used.

In block 334, the individual words in the phrase are weighted according to their relative
“importance” or “significance” to the overall meaning of the phrase by word weighter 208. For
example, in one embodiment there are three weighting factors assigned. The lowest weighting
factor is assigned to words such as “a,” “an,” “the,” and other articles. The highest weighting
factor is given to words that are likely to have a significant relation to the meaning of the phrase.
For example, these may include all verbs, nouns, adjectives, and proper names in the NLP

database 218. A medium weighting factor is given to all other words in the phrase. The purpose

of this weighting is to allow for more powerful searching of the NLP database 218.

An example of selected columns of the NLP database 218 of one embodiment is shown in
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FIG. 4. The NLP database 218 comprises a plurality of columns 400-410, and a plurality of rows
412A-412N. In column 400, the entries represent phrases that are “known” to the NLP database.
In column 402, a number of required words for each entry in column 400 is shown. In column
404, an associated context or subcontext for each entry in column 400 is shown. In columns 408
and 410, one or more associated actions are shown for each entry in column 400. It should be
noted that the NLP database 218 shown in FIG. 4 is merely a simplified example for the purpose
of teaching the present embodiment. Other embodiments may have more or fewer columns with
different entries.

Referring back to FIG. 3B, at block 336, the NLP database 218 is searched for possible
matches to the phrase, based on whether the entry in column 400 of the NLP database 218
contains any of the words in the phrase (or their synonyms), and the relative weights of those
words. At block 338, a confidence value is generated for each of the possible matching entries
based on the number of occurrences of each of the words in the phrase and their relative weights.
Weighted word searching of a database is well known in the art and may be performed by
commercially available search engines such as the product “dtsearch” by DT Software, Inc. of
Arlington, Virginia. Likewise, searching using synonyms is well known in the art and may be
accomplished using such publicly available tools such as “WordNet,” developed by the
Cognitive Science Laboratory of Princeton University in Princeton, New Jersey. The search
engine may be an integral part of the natural language processor 202.

At decision 340, the natural language processor 202 determines whether any of the
possible matching entries has a confidence value greater than or equal to some predetermined

minimum threshold, T. The threshold T .represents the lowest acceptable confidence value for
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which a decision can be made as to whether the phrase matched any of the entries in the NLP
database 218. If there is no possible matching entry with a confidence value greater than or
equal to T, then the flow proceeds to block 342 where an optional error message is either visually
displayed to the user over display 104 or audibly reproduced over speaker 112. In one
embodiment, the type of error message, if any, displayed to the user may depend on how many
“hits” (i.e., how many matching words from the phrase) were found in the highest-confidence
NLP database entry. A different type of error message would be generated if there was zero or
one hits, than if there were two or more hits.

If, however, there is at least one entry in the NLP database 218 for which a confidence
value greater than or equal to T exists, then the flow proceeds to block 344 where the “noise”
words are discarded from the phrase. The “noise” words include words that do not contribute
significantly to the overall meaning of the phrase relative to the other words in the phrase. These
may include articles, pronouns, conjunctions, and words of a similar nature. “Non-noise” words
would include words that contribute significantly to the overall meaning of the phrase. “Non-
noise” words would include verbs, nouns, adjectives, proper names, and words of a similar
nature.

The flow proceeds to FIG. 3C where the non-noise word requirement is retrieved from
column 402 of the NLP database 218 for the highest-confidence matching entry at block 346.
For example, if the highest-confidence matching phrase was the entry in row 412A, (e.g., “what
movies are playing at $time”), then the number of required non-noise words is 3.

At decision 348, a test is made to determine whether the number of required non-noise

words from the phrase is actually present in the highest-confidence entry retrieved from the NLP
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database 218. This test is a verification of the accuracy of the relevance-style search performed
at block 336, it being understood that an entry may generate a confidence value higher than the
minimum threshold, T, without being an acceptable match for the phrase.

The nature of the test performed at decision 348 is a boolean “AND” test performed by
boolean tester 210. The test determines whether each one of the non-noise words in the phrase
(or its synonym) is actually present in the highest-confidence entry. If there are a sufficient
number of required words actually present in the highest-confidence entry, then the flow
proceeds to block 350, where the natural language processor 202 directs application interface 220
to take an associated action from column 408 or 410. It is understood that additional action
columns may also be present.

For example, if the highest confidence entry was the entry in row 412A, and the boolean
test of decision 348 determined that there actually were 3 non-noise words from the phrase in the
entry in column 400, then the associated action in column 408 (e.g., access movie web site)
would be taken. Other entries in the NLP database have other associated actions. For example,
if the highest-confidence entry is that in row 412E (e.g., “what time is it”), the associated action
may be for natural language processor 202 to direct a text-to-speech application (not shown) to
speak the present time to the user through the speaker 112. As another example, if the highest-
confidence entry is that in row 412F (e.g., “show me the news”), the first associated action may
be to access a predetermined news web stte on the Internet, and a second associated action may
be to direct an image display application (not shown) to display images associated with the news.

Different or additional actions may also be performed.

Also, if the highest-confidence entry contains the required number of non-noise words
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from the phrase as determined at decision 348, the natural language processor 202 instructs the
speech recognition processor 200 to enable the context-specific grammar 212 for the associated
context of column 404. Thus, for row 412A, context-specific grammar 212 for the context
“movies” would be enabled. Thus, when the next utterance is provided to the speech recognition
processor 200 in block 300 of FIG. 3A, it would search the enabled context-specific grammar
212 for "movies" before searching the general grammar 214. As previously stated, enabling the
appropriate context-specific grammar 212 greatly increases the likelihood of fast, successful
speech recognition, and enhances the user's ability to communicate with the computer in a
conversational style.

If, however, back at decision 348, the required number of non-noise words from the
phrase is not actually present in the highest-confidence entry retrieved from the NLP database
218, then the flow proceeds to block 354 where the user is prompted over display 104 or speaker
112 whether the highest-confidence entry was meant, and record the inquiry in the dialogue
generation log 219. For example, if the user uttered “How much is IBM stock selling for today,”
the highest-confidence entry in the NLP database 218 may be the entry in row 412B. In this
case, although the relevance factor may be high, the number of required words (or their
synonyms) may not be sufficient. Thus, the user would be prompted at block 354 whether he
meant “what is the price of IBM stock on August 28, 1998.”

The user may respond either affirmatively or negatively. If it is determined at decision
356 that the user has responded affirmatively, then the action associated with the highest-
confidence entry is taken at block 350, and the associated context-specific grammar 212 enabled

at block 352. The speech made by the user is also recorded as an entry of the dialogue generation
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log 219.

If, however, it is determined at decision 356 that the user has responded negatively, then
the flow proceeds to FIG. 3D where the associated context from column 404 of NLP database
218 is retrieved for the highest-confidence entry, and the user is prompted for information using
a context-based interactive dialog at block 360. For example, if the user uttered “what is the
price of XICOR stock today,” and the highest confidence entry from the NLP database 218 was
row 412B (e.g., “what is the price of IBM stock on $date”), then the user would be prompted at
block 354 whether that was what he meant.

If the user responds negatively, then the context “stock’ is retrieved from column 404 at
block 358, and the context-based interactive dialog for the stock context is presented to the user
over the display 104 and speaker 112. Such a context-based interactive dialog may entail
prompting the user for the name and stock ticker symbol of XICOR stock. The user may respond
by speaking the required information. A different context-based interactive dialog may be used
for each of the possible contexts. For example, the “weather” context-based interactive dialog
may entail prompting the user for the name of the location (e.g., the city) about which weather
information is desired. Also, the “news” context-based interactive dialog may entail prompting
the user for types of articles, news source, Internet URL for the news site, or other related
information.

Upon completion of the context-based interactive dialog, the NLP database 218, general
grammar 214, and context-specific grammar 212 are updated to include the new information, at
block 362. In this way, the next time the user asks for that information, a proper match will be

found, and the appropriate action taken without prompting the user for more information. Thus,
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the present embodiment adaptively “learns” to recognize phrases uttered by the user.

In one embodiment, one or more of the NLP database 218, context-specific grammar 212,
general grammar 214, and dictation grammar 216 also contain time-stamp values (not shown)
associated with each entry. Each time a matching entry is used, the time-stamp value associated
with that entry is updated. At periodic intervals, or when initiated by the user, the entries that
have a time-stamp value before a certain date and time are removed from their respective
databases/grammars. In this way, the databases/grammars may be kept to an efficient size by
"purging" old or out-of-date entries. This also assists in avoiding false matches.

In an alternate embodiment, the updates to the NLP database 218, general grammar 214,
and context-specific grammar 212 are stored in a user global user registry 800, shown in FIG. 9.
A global user registry entry 800a would be comprised of any general grammar additions 214a,
context-specific grammar additions 212a, and NLP database additions 218a created by the user
training. Since each user of the system would have a different global user registry entry 800a, the
embodiment would be flexible enough to allow for special customizations and could adapt to the
idiosyncrasies of individual users.

In yet another embodiment, the updates to global user registry entry 800 also contain
dialogue generation log additions 219a, user preferences 802, and remembered information 804,
as shown in FIG. 9. The dialogue generation log additions 219a would be comprised of the
dialogue exchanged between the system and an individual user. The addition of dialogue
generation log additions 219a allow the system greater intelligence in its conversations with an
individual user, to be transparent and mobile across different computers. User preferences 802

represents the stored system preferences of an individual user. Examples of such user preferences
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802, include, but are not limited to: window color and placement, system sounds, font
preferences, and other user-interface preferences. Remembered information 804 includes. user
schedule information, learned facts derived from the dialogue generation log 219, and any other
user (but non-user-interface) stored data not included in user preferences. For example, if the
system is told, “I own a dog,” the remembered information will include that fact. Remembered
information may be stored or represented by any information storage format known in the art,
including any database format.

Moreover, in some embodiments, the global user registry 800 would be stored locally and
mirrored at known server locations. The mirrored copy, referred to as the “travelling” global user
registry entry, enables users to access their phrases “adaptively” learned by the embodiment,
even when the user is logged into a different location. FIG. 10A illustrates an embodiment that
accesses customized global user registry entries 800a at local and remote (travelling) locations.
Initially, a valid system user is verified, by any means known in the art, and then the system
searches for a locally stored global user registry entry. For example, the system queries users for
their login ID and password as shown in block 900. If the password and login ID match, as
determined by decision block 905, the user is deemed to be a valid user. It is well understood that
this login ID and password are but one of many methods known in the art to verify valid users,
and that all such validation systems could be easily substituted. If no local global user registry
entry is found, block 910, the system searches for a travelling global user registry entry, block
920. If either search turns up a global user registry entry, the global user registry entry is loaded,
blocks 915 and 925, respectively. Provided that the retrieval of the global user registry entry

800a is successful, blocks 930 and 935, the global user registry entry 800a is enabled at block
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940 by extracting the general grammar additions 214a, context-specific grammar additions 212a,
NLP database additions 218a, dialogue generation log additions 219a, user preferences 802, and
remembered information 804. These “learned” adaptations are then used by the system, as
discussed earlier with the method of FIGS 3A-3D. If the retrieval of the travelling global user
registry entry 800a is unsuccessful, standard (non-custom user) processing is performed as
reflected at block 945.

Alternatively, in some embodiments, the user only logs into the system when accessing a
terminal that does not recognize the user as a local user. This embodiment is shown in FIG. 10B.
From this remote system, the user is required to specify an ID and a password. Initially, the
system determines whether the user has a locally stored voice profile, block 910. If the user has a
local voice profile, it is loaded at block 915, and flow continues at decision block 950. If the user
does not have a locally stored global user registry entry, the system queries the user for a login
identifier and a password at block 900. If the user is valid, the travelling global user registry
entry is retrieved at block 925, and flow continues at block 950. Otherwise, the user is treated as
a user with standard (non-custom) processing, at block 945. Provided that the retrieval of the
global user registry entry 800a is successful, block 950, the global user registry entry 800a is
enabled at block 940 by extracting the general grammar additions 214a, context-specific
grammar additions 212a, NLP database additions 218a, dialogue generation log additions 219a,
user preferences 802, and remembered information 804. These “learned” adaptations are then
used by the system, as discussed earlier with the method of FIGS 3A-3D.

In one embodiment, speech recogﬁition and natural language processing may be used to

interact with objects, such as help files (“hlp” files), World-Wide-Web (“WWW” or “web”)
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pages, or any other objects that have a context-sensitive voice-based interface.

FIG. 5 illustrates an exemplary Dialog Definition File (DDF) 500 which represents
information necessary to associate the speech recognition and natural language processing to an
internet object, such as a text or graphics file or, in the preferred embodiment, a web-page or help
file. Although in its simplest embodiment the Dialog VDeﬁnition File 500 consists of an object
table 510, the DDF may also contain additional context-specific grammar files 214 and
additional entries for the natural language processing (NLP) database 218, as illustrated in FIG.
5. The preferred embodiment of the DDF 500 includes an object table 510, a context-specific
grammar file 214, a context-specific dictation model 217, and a file containing entries to the
natural language processing database 218. These components may be compressed and combined
into the DDF file 500 by any method known in the art, such as through Lempel-Ziv compression.
The context-specific specific grammar file 214 and the natural language processing database 218
are as described in earlier sections. The object table 510 is a memory structure, such as a memory
tree, chain or table, which associates an address of a resource with various actions, grammars, or
entries in the NLP database 218.

An exemplary embodiment of the object table 510 is illustrated in FIG. 6. FIG. 6
illustrates a memory table which may contain entry columns for: an object 520, a Text-to-Speech
(TTS) flag 522, a text speech 524, a use grammar flag 526, an append grammar flag 528, an “is
yes/no?” flag, and “do yes” 532 and “do no” 534 actions. Each row in the table S40A-540n
would represent the grammar and speech related to an individual object. The exemplary
embodiment would refer to objects 520 through a Universal Resource Locator (URL). A URL is

a standard method of specifying the address of any resource on the Internet that is part of the
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World-Wide-Web. As this standard is well known in the art for describing the location of
Internet resources and objects, the details of URLs will therefore not be discussed herein. One
advantage of URLs is that they can specify information in a large variety of object formats,
including hypertext, graphical, database and other files, in addition to a number of object devices
and communication protocols. However, as shown in FIG. 6, URLs and other method of
specifying objects can be used.

When combined with the text speech 524, the Text-to-Speech (TTS) flag 522 indicates
whether an initial statement should be voiced over speaker 112 when the corresponding object is
transferred. For example, when transferring the web page listed in the object column 520 of row
540A (http://www.our-pet-store.com), the TTS flag 522 is marked, indicating the text
speech 524, “Hello, welcome to...,” is to be voiced over speaker 112.

In some embodiments, the utterance of the initial statement may be dependent on the
dialogue generation log 219. In these embodiments, the system first checks to see if the statement
was made recently to a user, before re-voicing the statement. There are several advantages in
doing this. By consulting the dialogue generation log 219, a conversation can be made more
intelligent by using the dialogue generation log 219 as a “conversational memory.” Moreover, a
conversational memory formed by the dialogue generation log 219 also acts as a “sanity check”
to make sure conversations do not become repetitive.

The use of the dialogue generation log 219 is best illustrated by example. Suppose a user
was examining a speech-enhanced pet-store web-site using the present embodiment. Initially, an
object table 510 is transferred from the web-site to the user’s computer system 100. When

transferring the web page listed in the object column 520, the system notes that the TTS flag 522
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