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FIG 4A 

Input Command (S): 
Was there anything new from Kathleen? 

l 
Output String (W): 

ls there anything few from Kathleen 

l 
Variant Matcher (V): 

is there anything from Joe 

l 
Associated Exemplar (E): 

Get the messages with sender Joe. 

i 
String Mapping Function ((b): 

New Character --> "few", "Joe“ --> "Kathleen" 

l 
Associated Action (A): 

mailAgent.setFolder("lNBOX");mailAgent.getMessages("From=Joe"); 
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FIG 4B 

Subset of (l) Applicable to Action A ((1)): 
"Joe" --> "Kathleen" 

V 

Adapted Action (A'): 
mailAgent.setFolder("l NBOX“);mailAgent.getMessages("From=Kathleen"); 

i 
Adapted Exemplar (E‘) : 

Get the messages with sender Kathleen. 
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METHOD AND APPARATUS FOR CREATION AND 
USER-CUSTOMIZATION OF SPEECH-ENABLED 

SERVICES 

FIELD OF INVENTION 

[0001] This invention relates generally to speech recogni 
tion technology. More particularly, the invention relates to 
development and customization of spoken language inter 
faces for a plurality of speech-enabled systems and sub 
systems. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, the desire to use speech-enabled 
systems has increased. Speech recognition technology has 
been applied to a variety of interactive spoken language 
services to reduce costs. Services bene?ting from a spoken 
language interface may include, for example, services pro 
viding products and/or services, e-mail services, and tele 
phone banking and/or brokerage services. Speech-enabled 
systems permit users to verbally articulate to the system a 
command relating to desired actions. The speech-enabled 
system recogniZes the command and performs the desired 
action. 

[0003] Typically, the underlying technologies utiliZed in 
such speech-enabled systems include, for example, speech 
recognition and speech synthesis technologies, computer 
telephony integration, language interpretation, and dialog 
and response generation technologies. The role of each 
technology in speech-enabled systems is described beloW 
brie?y. 
[0004] As is knoWn, speech recognition technology is 
used to convert an input of human speech into a digitiZed 
representation. Conversely, speech synthesis takes a digi 
tiZed representation of human speech or a computer-gener 
ated command and converts these into outputs that can be 
perceived by a human—for example, a computer-generated 
audio signal corresponding to the text form of a sentence. 

[0005] KnoWn computer-telephony integration technol 
ogy is typically used to interface the telephony netWork 
(Which may be sWitched or packed-based) to, for example, 
a personal computer having the speech recognition and 
speech synthesis technologies. Thus, the computer-tele 
phony platform can send and receive, over a netWork, 
digitiZed speech (to support recognition and synthesis, 
respectively) to and from a user during a telephony call. 
Additionally, the computer-telephony integration technol 
ogy is used to handle telephony signaling functions such as 
call termination and touch-tone detection. 

[0006] Language interpretation systems convert the digi 
tiZed representation of the human speech into a computer 
executable action related to the underlying application and/ 
or service for Which the spoken language interface is used— 
for example, a speech-enabled e-mail service. 

[0007] The dialog and response generation systems gen 
erate and control the system response for the speech-enabled 
service Which may correspond to, for example, the ansWer to 
the user’s question, a request for clari?cation or con?rma 
tion, or a request for additional information from the user. 
The dialog and response systems typically utiliZe the speech 
synthesis systems or other output devices (e.g., a display) to 
present information to the user. Additionally, the dialog and 
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response generation component may be responsible for 
predicting the grammar (also called the “language model”) 
that is to be used by the speech recogniZer to constrain or 
narroW the required processing for the next spoken input by 
the user. For example, in a speech-enabled e-mail service, if 
the user has indicated the need to retrieve messages, the 
speech recogniZer may limit processing for possible com 
mands relating to retrieving messages the user may use. 

[0008] Using one conventional method, language interpre 
tation and dialog and response generation are mediated by 
intermediate representations, often referred to as semantic 
representations. These representations are computer data 
structures or code intended to encode the meaning of a 
sentence (or multiple sentences) spoken by a user (e.g., in a 
language interpretation system), or to encode the intended 
meaning of the system’s response to the user (e.g., in a 
dialog and response generation system). Various types of 
such intermediate semantic representations are used includ 
ing hierarchically embedded value-attribute lists (also called 
“frames”) as Well as representations based on formal logic. 

[0009] To facilitate this intermediate representation pro 
cess, a tWo-step process is typically used. First, the language 
interpretation component converts the recogniZed Word 
sequence (or digitiZed representation) into an instance of the 
intermediate semantic representation. Various means have 
been used for this conversion step, including conversion 
according to rules that trigger off of keyWords and phrases, 
and conversion according to a manually Written or statisti 
cally trained transition netWork. Second, the resulting inter 
mediate representation is then mapped into the actual 
executable application actions. This second conversion 
phase is often achieved by an exhaustive set of manually 
authored rules or by a computer program Written speci?cally 
for this spoken language application. This approach requires 
programming experts familiar With the speech-enabled inter 
faces and programming experts familiar With the underlying 
application programs. As a result, speech-enabled interfaces 
using this approach can be very expensive to develop and/or 
customiZe. 

[0010] Alternatively, another conventional method uses 
customiZed softWare modules for interfacing With the lan 
guage interpretation system to determine Which application 
speci?c action to execute for a given recogniZed input 
sequence. Using this approach, customiZed softWare mod 
ules need to be developed for each application and for 
handling the various application-speci?c commands. As a 
result, this conventional approach for developing speech 
enabled interfaces can be costly due to increased develop 
ment times. 

[0011] Using conventional approaches, development of 
speech-enabled services requires skills different from, and in 
addition to, skills needed for programming the underlying 
application program for the service. Even for skilled spoken 
language system engineers, development of robust inter 
faces can be dif?cult and time-consuming With current 
technology. This increases the development time for such 
services and more generally sloWs Widespread adoption of 
spoken language interface technology. 

[0012] Since these conventional approaches require spe 
cialiZed programming skills, customiZing these speech-en 
abled services, by users, based on personal language pref 
erences, if at all possible, can be very dif?cult. 
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[0013] What is needed is a system and method for creating 
and customizing speech-enabled services that may solve the 
dif?culties encountered using conventional approaches. For 
example, What is needed is an ef?cient speech-enabled 
interface that is not only robust and ?exible, but can also be 
easily customiZed by users so that personal language pref 
erences can be used. 

SUMMARY OF THE INVENTION 

[0014] Embodiments of the invention relate to a system 
and method for providing speech-enabled application pro 
grams. The speech-enabled programs automatically execute 
requests input by users. One or more natural language 
variants may be mapped With at least one natural language 
exemplar. The natural language exemplar may correspond to 
a typical Way to express a request relevant to the speech 
enabled application program. The natural language variant 
may correspond to an alternative Way of expressing the same 
request. A recogniZed input string is received and a prospec 
tive variant that most resembles the received recogniZed 
input string is selected from the natural language variants. 
The natural language exemplar mapped to the prospective 
variant is identi?ed. An action instruction associated With 
the identi?ed natural language exemplar is executed to ful?ll 
the user’s request. 

[0015] In embodiments of the invention, users of the 
system can create a plurality of personaliZed natural lan 
guage variants that represent preferred Ways of expressing 
the desired requests. Accordingly, the system may be able to 
recogniZe the plurality of variants and execute the action as 
speci?ed by the user’s request. 

[0016] The above and other features and advantages of the 
present invention Will be readily apparent and fully under 
stood from the folloWing detailed description of preferred 
embodiments, taken in connection With the appended draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a diagrammatic representation of a sys 
tem in accordance With embodiments of the present inven 
tion. 

[0018] FIG. 2 is block diagram illustrating a system in 
accordance With an embodiment of the present invention. 

[0019] FIG. 3 is a How chart illustrating a method in 
accordance With an embodiment of the present invention. 

[0020] FIGS. 4A and 4B shoW a How chart illustrating an 
exemplary method in accordance With an embodiment of the 
present invention. 

[0021] FIG. 5 is a diagrammatic representation of a cus 
tomiZation module for use in the system as shoWn in FIG. 
1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Embodiments of the present invention relate to the 
creation, development and customiZation of spoken lan 
guage interfaces for a plurality of speech-enabled services. 
The invention provides a natural language interface to 
permit programmers and users to create and/or customiZe 
spoken language interfaces. The invention may provide an 
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ef?cient and cost-effective Way of developing spoken lan 
guage interfaces that can be easily adapted to different 
systems or services—for example, messaging systems, auc 
tion systems, or interactive voice recognition (IVR) systems. 
Advantageously, the spoken language interface can be easily 
customiZed by end users based on their personal preferences 
and speech habits. 

[0023] Embodiments of the present invention may use 
natural-language to natural-language mapping betWeen 
user-speci?ed commands and commands speci?ed by, for 
example, an application program developer. Embodiments 
of the present invention provide an ef?cient system for 
executing a plurality of user commands that may map to a 
?nite number of executable actions as speci?ed by the 
program developer. Accordingly, the program developer 
may need only specify a ?nite number of exemplary English 
(or other language) commands that may be related to appli 
cation actions. These exemplary English commands may be 
mapped With a plurality of English variations that a user may 
use for the desired action. The user can customiZe the 
English variations to create preferred commands to execute 
a desired action. 

[0024] Referring FIG. 1, a block diagram of a speech 
enabled system in accordance With embodiments of the 
present invention is shoWn. User 101 may use terminal 
device 102 for access to the application program 115. The 
terminal device 102 may be, for example, a personal com 
puter, a telephone, a mobile phone, a hand-held device, 
personal digital assistant (PDA) or other suitable device 
having suitable hardWare and/or softWare to connect With 
netWork 120 and access application program 115. Terminal 
device 102 may be installed With suitable hardWare and 
softWare, for example, an Internet broWser and a modem for 
connection to the Internet. 

[0025] NetWork 120 may include, for example, a public 
sWitched telephone netWork (PSTN), a cellular netWork, an 
Internet, an intranet, satellite netWork and/or any other 
suitable national and/or international communications net 
Work or combination thereof. 

[0026] NetWork 120 may include a plurality of commu 
nications devices (e.g., routers, sWitches, servers, etc.) 
including at least one computer telephony platform 121. 
Platform 121 may be a high-capacity computer and/or server 
that has the capacity to send, receive, and/or process digi 
tiZed speech (e.g., to support speech recognition and syn 
thesis functions). Platform 121 may be equipped to interface 
With a sWitch-based or packet-based netWork 120. Addition 
ally, platform 121 may be equipped With telephony interface 
to handle telephony signaling functions such as call termi 
nation and touch tone detection. Platform 121 may be 
located Within the netWork 120 or, alternatively, it may be 
located outside netWork 120. Platform 121 may serve as a 

gateWay interface to spoken language processor (SLP) 104. 
Platform 121 may receive data from terminal device 102 and 
dispatch this information to SLP 104. Conversely, platform 
121 may dispatch data from SLP 104 to the terminal device 
102. 

[0027] In accordance With embodiments of the invention, 
SLP 104 may be coupled to netWork 120 to provide a 
speech-enabled interface for an application programming 
interface (API) 114 and corresponding application or service 
115. Application program 115 may support services or 
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systems, for example, messaging systems, auction systems, 
interactive voice recognition (IVR) systems, or any other 
suitable system or service that may utilize a spoken language 
interface for automation. API 114 may be a softWare inter 
face that application 115 may use to request and carry out 
loWer-level services performed by a computer’s or telephone 
system’s operating system. An API 114 may include, for 
example, a set of standard softWare interrupts, calls, and data 
formats used by application program 115 to interface With 
netWork services, mainframe communications programs, 
telephone equipment or program-to-program communica 
tions. 

[0028] In embodiments of the invention, SLP 104 may 
include a plurality of components, for example, an output 
synthesiZer 105, recogniZer 106, variation matcher 107, 
variant database 108, exemplar adjuster 110, action invoker 
111 and context speci?cations database 112. It is recogniZed 
that output synthesiZer 105 may provide data that can be 
presented to user’s terminal device 102. 

[0029] Output synthesiZer 105 and recogniZer 106 are 
knoWn per se. Output synthesiZer 105 may be a speech 
synthesiZer or display formatter for delivering information 
to the user 101. The display formatter may produce data 
suitable for presentation on any physical display, for 
example, a cathode ray tube (CRT), liquid crystal display 
(LCD), ?at plasma display, or any other type of suitable 
display. Alternatively or additionally, any suitable speech 
synthesiZer that can take unrestricted text or digital data as 
input and convert this text or data into an audio signal for 
output to the user 101 may be used in embodiments of the 
invention. 

[0030] RecogniZer 106 may receive a natural language 
request in the form of, for example, an audio or analog signal 
S from user 101 and may convert this signal into a digitiZed 
data string or recogniZed Word sequence, W. Signal S may 
be converted by the terminal device 102 and/or platform 121 
to travel across netWork 120 and is delivered to recogniZer 
106. DigitiZed data string W may represent the natural 
language request S in the form of a digital signal as output 
by recogniZer 106. For example, W may be a sequence of 
Words in text form. RecogniZer 106 may use any knoWn 
process or system to convert signals S into a data string W. 
In one embodiment, recogniZer 106 can load and sWitch 
betWeen language models dynamically. For simplicity, the 
English language is referred to herein as the spoken lan 
guage for use With the speech-enabled services. HoWever, 
the present invention can be applied to spoken language 
interfaces for other languages. 

[0031] In alternative embodiments of the invention, the 
user’s terminal device 102 may include a handWriting rec 
ognition device, keyboard, and/or dial pad the user 101 may 
use to input a command and generate signal S. The generated 
signal S may be delivered to the recogniZer 106 and pro 
cessed as described above. 

[0032] Advantageously, in accordance With embodiments 
of the present invention, variation matcher 107 may use 
variation database 108 and a variation matching function 
(not shoWn) to map the digitiZed data string W (or the 
recogniZed Word sequence) into an exemplary English sen 
tence E (i.e., an exemplar). The exemplar E may correspond 
to a typical Way, as de?ned by an applications developer, of 
phrasing a particular request relevant to the current appli 
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cation program 115. The variation matcher 107 may further 
compute a string mapping function 4) that may indicate the 
difference in meaning betWeen the recogniZed digitiZed data 
string W and the exemplar E. 

[0033] In embodiments of the invention, variant database 
108 may contain a language model (L) 130 related to a 
particular context and/or the application program or service 
115, currently accessed by the user 101. The language model 
130 may be derived from the plurality of variant command 
?les 109 using techniques knoWn in the art for generating 
speech recognition language models from collections of 
sentences. In embodiments of the invention, each ?le 109 
may be pertinent to particular context C corresponding to 
language model 130. It is recogniZed that variant database 
108 may contain a single language model 130 relating to a 
particular application program or, alternatively, may contain 
a plurality of language models 130 relating to various 
application programs. 
[0034] Variant command ?le 109 for context C may con 
tain, for example, an exemplar E1 related to context C and 
associated variants V11 to V1“. For each exemplar E in a 
context C, there may be a collection of, for example, English 
variants V11—V1“. These variants V, together With their 
associated exemplars E, are stored in the variant database 
108. The database 108 may store a set of related data of the 
form (C, V, E), Where each V is an alternative Way to phrase 
in natural language a request for the action A that is 
associated With exemplar E in context C. Since exemplars E 
may also be valid Ways of phrasing application actions A, 
they are included in the variant database 108 as “variants” of 
themselves. 

[0035] In embodiments of the invention, a set of exem 
plars E1 to Ern associated With the particular context C of an 
application program may be provided by the developer of 
the spoken language interface or of the application program. 
The developer may be an expert in the application API 114. 
The developer need not be an expert in speech-enabled 
services. Each exemplar E may represent an exemplary Way 
of phrasing, in English or any other suitable language, a 
particular executable command or action for context C (as 
Will be discussed beloW in more detail). The developer may 
map exemplar E to action A. For a particular context C, each 
?le 109 may contain a plurality of English variants V11 
Vm“. Variants V11—V1n may represent different Ways of 
saying or representing corresponding exemplar E1; variants 
V21—V2k may represent different Ways for saying exemplar 
E2; etc. These variants V11—Vmn may be created by anyone 
Without requiring any relevant expertise or knoWledge of the 
application program and/or speech-enabled technologies. 
For example, the user 101 may create variant V11 that 
represents the manner in Which the user 101 typically refers 
to the desired action represented by exemplar E1. In embodi 
ments of the present invention, the created variant(s) V11 
V1n may be mapped to its associated exemplar E1 for a 
particular context C, for example, in the form (C, V, E), as 
indicated above. 

[0036] As a speci?c example, C may correspond to the 
context of reading e-mail messages, E1 may be the exemplar 
“Retrieve my mail messages”, and the variants may include, 
for example, V11 “get my mail”, V12 “fetch my e-mail”, V13 
“fetch messages”. 
[0037] Referring again to FIG. 1, context speci?cations 
database 112 may contain a set of exemplar action speci? 
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cation ?les 113 for one application program or a plurality of 
different application programs. Exemplar action ?les 113 
may correspond and/or relate to variant ?les 109. For 
example, the variants in a variant ?le 109 may be used to 
express the actions A in a corresponding action ?le 113, and 
A may be available for execution by action invoker 111. 

[0038] For a given context C in exemplar action speci? 
cation ?les 113, certain application actions A may be valid. 
These actions may relate to a speci?c context for a given 
application program. In embodiments of the present inven 
tion, exemplar-action speci?cation ?le 113 may contain a 
plurality of contexts C1—Cm, a plurality of associated exem 
plars E1—Em, associated actions AIL-Am, and pointer to a 
next context C‘—CX. Accordingly, each exemplar-action 
speci?cation ?le 113 may contain a list of “exemplar-action” 
records stored or correlated as (C, E, A, C‘). Each record (C, 
E, A, C‘) may associate the exemplar E With a sequence Aof 
action strings in the command language executable by the 
action invoker 111 in context C, and an identi?er C‘ of 
another, or the same, application context speci?cation. 

[0039] In embodiments of the present invention, each 
exemplary action speci?cation ?le in the set of ?les 113 may 
correspond to a stage of interaction With the user. For 
example, if the application program is a speech-enabled 
e-mail service, the ?rst action speci?cation ?le 113 may 
contain actions relating to logging on, or identi?cation of the 
user to the service, and a second action speci?cation ?le 113 
may contain actions relating to sending or retrieving e-mail 
messages. Thus, once the user 101 has accessed the service, 
action speci?cation ?le 113 related to actions required to 
identify the user may be activated, folloWed by activating 
the action speci?cation ?le for, for example, retrieving 
e-mail messages. The second action speci?cation ?le may 
contain exemplars E and associated actions A relating to 
retrieving messages, for example, retrieving neW messages, 
retrieving previously read messages, etc. 

[0040] A language model L for use by the speech recog 
niZer may be built for each context, based on the variants 
speci?ed for that context. These models may be augmented 
With lists of proper names that may be used instead of those 
present in the exemplars E and variants V. Standard tech 
niques for language modeling can be used for deriving the 
language models from the set of variants. 

[0041] Although, in FIG. 1, variant database 108 and 
context speci?cation database 112 are shoWn as tWo differ 
ent databases, it is recogniZed that variant database 108 and 
context speci?cation database 112 may be consolidated into 
a single database. It should be noted that descriptions of data 
How and data con?guration in databases 108 and 112 are 
given by Way of example and variations may be made by one 
of ordinary skill in the art. For example, variations to the 
variant command ?les 109 or con?guration or How of the 
included data (e.g., C, V, E) and/or to the exemplar action 
speci?cation ?les 113 may be made by one of ordinary skill 
in the art. 

[0042] In one embodiment, recogniZer 106 may produce a 
digitiZed data string W that matches exemplar E or variant 
V, stored in the variant database 108, exactly and the system 
can then proceed With invoking the corresponding applica 
tion action A. In alternative embodiments, an exact match 
betWeen data string W and a corresponding exemplar E or 
variant V may not be found. For example, recognition errors, 
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requests for actions involving different objects (e.g., using 
different names) from those in the exemplars E or variants 
V, linguistic variation in the user utterances (including 
variants from their oWn customizations) and/or any combi 
nation of variations thereof may prevent exact matches from 
being found. 

[0043] In embodiments of the invention, variation matcher 
107 may seek to select a prospective variant V, in active 
context C, that most resembles, or most closely matches, the 
natural language request as represented by digitiZed data W. 
Variation matcher 107 may also specify the necessary 
changes or adaptations (i.e., string mapping function (1)) to be 
made to, for example, variation matcher. Any knoWn tech 
nique may be used to determine Whether, for example, a 
given text or data sequence (e.g., a prospective variant) most 
resembles or closely matches the recogniZed Word sequence. 
For example, knoWn mathematical algorithms (as described 
beloW) may be applied to ?nd such matches. 

[0044] In embodiments of the present invention, exemplar 
adjuster 110 may receive the exemplar E and string mapping 
function 4) from the variation matcher 107. Exemplar 
adjuster 110 With input from context speci?cations database 
112 may apply the string mapping function 4) to an appli 
cation action A(an API call) that is paired With the exemplar 
E (e.g., from the context speci?cations database) to produce 
the actual API call or adapted action A‘. Adapted action A‘ 
may then be executed by the action invoker 111 to carry out 
the user’s request. 

[0045] Exemplar adjuster 110 may apply necessary adap 
tations to the action strings A to be invoked by the applica 
tion and to the exemplar E (e.g., for con?rmation purposes). 

[0046] In embodiments of the present invention, variation 
matcher 107 may compute a function f taking an input W 
and a sequence <(V1, E1), . . . , (Vn, En)> of pairs of strings. 
The output of f may be one of the input pairs {(Vl, E1)} 
together With a string mapping function 4) that is: 

KW, <(V1> E1): - - - > (VnEn)>)_)(V1> EM?) 

[0047] The selected pair (V1, E1) may be the ?rst pair in 
the input sequences for Which a string distance function y is 
minimal: 

[0048] String mapping function 4) may include a sequence 
of string editing operations, speci?cally insertions, dele 
tions, and substitutions. 

[0049] Exemplar adjuster 110 may fetch the action Ai 
associated With the exemplar Ei, Where i may be any integer 
from 1 to m. A second string mapping function 4)‘ may be 
derived from 4), including only those string editing opera 
tions that are valid transformations of the action string Ai. A 
valid transformation may be one that results in an action 
string A that is Well formed in the sense that it is parsed 
successfully by the action invoker 111. Second string map 
ping function 4)‘ is then applied to both sides of the selected 
pair by the exemplar adapter 110 to produce the “adapted” 
pair {(E‘i, A‘i)}. 
[0050] In one embodiment of the variation matcher 107, 
the string distance p is the string edit distance and q) is the 
corresponding edits found by the dynamic programming 
algorithm used to compute the minimal edit distance. Such 
edit-distance computation algorithms are knoWn in com 
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puter science and have been used in various applications 
such as document search and evaluating the outputs of 
speech recognition systems. In this embodiment, language 
and action strings may both be treated as sequences of 
tokens (typically Words in the case of language strings). 

[0051] Edit-distance functions rely on a table of token 
distances for use When comparing tokens. Token distances 
can be uniform (e.g., tWo Words that are different have a 
token distance of 1 and identical tokens have a distance of 
0). Alternatively, token distances can be provided in the form 
of a table that re?ects the closeness in meaning betWeen any 
tWo Words. 

[0052] In an alternative embodiment of a variation 
matcher 107, edit-distance matching may be used in con 
junction With a natural language generation component. 
Natural language generators are knoWn per se. Natural 
language generators may be used to apply linguistic prin 
ciples to generate a set of paraphrases, or close paraphrases, 
of English sentences. Such linguistic principles include 
syntactic transformations (e.g., the active-passive transfor 
mation) and paraphrases based on lexical semantics (e.g., “A 
sells X to B” is the same as “B buys X from A”). In this 
embodiment of the variation matcher 107, a natural lan 
guage generator may ?rst be used to produce paraphrases of 
each of the variants present in a context. This may result in 
an expanded set of variants for the context to Which edit 
distance matching may then be applied as indicated above. 
In embodiments, natural language generators may be used to 
automatically generate at least one variant V by generating 
paraphrases of an exemplar E. 

[0053] Although only tWo embodiments of a variation 
matcher 107 have been described, it is recogniZed that 
alternative techniques may be applied in the variation 
matcher. For example, any suitable method that can measure 
the difference in meaning betWeen tWo sentences and rep 
resent that difference as a string mapping function can be 
used as the basis for a variation matcher. 

[0054] The action invoker 111 may be a command string 
interpreter capable of executing dynamically generated 
strings (e.g., method calls and database query requests) 
corresponding to actions in the API for the application. For 
example, the command interpreter may execute scripting 
languages (e.g., TCL), or procedure calls for languages With 
re?ection (e.g., Java), or database query languages (e.g., 
SQL). 
[0055] In embodiments of the present invention, the exem 
plar adjuster 110 can ask user 101 for con?rmation that 
adapted exemplar E‘ may express the action that is desired 
by the user 101. If the user con?rms positively, the action 
invoker 111 may dispatch adapted action A‘ to API 114. 
Application program 115 may execute the dispatched action 
and return the resulting output O‘ to the action invoker 111. 
The session manager 103 may present output O‘ to the user 
via output synthesiZer 105. 

[0056] Session manager or controller 103 may be coupled 
With SLP 104 and may manage the plurality of components 
Within the SLP 104. For example, session manager 103 may 
provide data How control for the various components of SLP 
104 during a speech-enabled session. At any point in inter 
acting With a user, the session manager 103 may maintain an 
active context C. There may be an initial context speci?ca 
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tion associated With each program application. Each context 
speci?cation may be associated With a collection of variants 
in the variant database 108. Although session manager 103 
is shoWn external to SLP 104, it is recogniZed that alterna 
tively session manager 103 may be incorporated Within SLP 
104. 

[0057] FIG. 2 is a component-level block diagram of a 
spoken language processing system 200 in accordance With 
an embodiment of the present invention. The spoken lan 
guage processing system 200 may be used as the speech 
enabled interface for a desired service 210. Thus, using the 
spoken language processing system 200, a user or customer 
may, for example, input command S to be executed by the 
service 210. The user may input command S using terminal 
device 102. The user may articulate a spoken command into 
a microphone of, for example, the terminal device 102 (e.g., 
a telephone, PC, or other communication device). In alter 
native embodiments of the invention, for example, the 
terminal device 102 may include handWriting recognition 
system, a dial-pad, a touch screen or keyboard or other input 
device that the user 101 may use to input command S. 

[0058] A recogniZed input string W may be generated by 
the speech recogniZer 106. The recogniZed input string W 
may be in the form of digitiZed data that represents a 
command (S) input by a user. The recogniZer may be located 
internal to or external to the natural language processing 
system 200. The recogniZer 106 may be coupled to a 
processor 203 located in the spoken language system 200 of 
the present invention. The processor may perform the func 
tions of, for example, variation matcher 107, exemplar 
adjuster 110, action invoker 111, and/or perform other 
processing functions that may required by the system 200. In 
embodiments of the present invention, the processor 203 
may process the command S that is input by the user to 
generate recogniZed input string W. 

[0059] Processor 203 may be coupled to a memory 204 
and controller 202. The memory 204 may be used to store, 
for example, variant database 108, context speci?cation 
database 112, and/or any other data or instructions that may 
be required by processor 203 and/or controller 202. It is 
recogniZed that any suitable memory may be used in system 
200. The databases 108 and/or 112 may be organiZed as 
contexts related to the desired service. Accordingly, depend 
ing on the service accessed or the stage of service, the 
processor may load the proper context. In embodiments of 
the invention, processor 203 may use the variation database 
and a variation matching function to map the recogniZed 
input string W into an exemplary natural language exemplar 
E, stored in the variant database 108 in memory 204. As 
described above, the exemplar E may correspond to a typical 
Way of phrasing a particular request relevant to the current 
application. 

[0060] In embodiments of the present invention, at least 
one natural language exemplar E may correspond to one or 
more natural language variants V. These natural language 
variants V may represent alternative Ways to express exem 
plar E. These variants may also be stored in the variant 
database 108 and may be created by, for example, the user, 
application programmer, and/or speech interface developer. 
In this case, processor 203 may select, from the one or more 
natural language variants V, a prospective variant that most 
resembles or closely matches the recogniZed Word sequence 
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using any known technique for matching as described 
above. After the selection is made, the corresponding natural 
language exemplar E may be identi?ed. 

[0061] In any case, if an exact match for the natural 
language exemplar E corresponding to the recogniZed input 
string W is identi?ed, the processor may identify an appli 
cation action A (API call) corresponding to the exemplar E. 
Action A and corresponding exemplar(s) may be stored in, 
for example, context speci?cation database 112 stored in 
memory 204. After the action A has been identi?ed, con 
troller 202 may cause the action A to be invoked by service 
210. 

[0062] In alternative embodiments, if there exists a dif 
ference betWeen the recogniZed Word sequence W and the 
natural language exemplar E or betWeen the recogniZed 
Word sequence W and the natural language variant V, the 
processor 203 may also generate string mapping function 4). 
String mapping function 4) may specify the difference 
betWeen the recogniZed Word sequence W and the natural 
language exemplar E or betWeen the recogniZed Word 
sequence W and the natural language variant V. In this case, 
the processor 203 may then apply the string mapping 
function 4) to the application action A that corresponds With 
the exemplar E, to produce the actual API call or adapted 
action A‘. The controller 202 may cause the actual API call 
A‘ to be executed by the service 210 to carry out the user’s 
request. 

[0063] In alternative embodiments of the invention, the 
processor may apply the string mapping function 4) to the 
exemplar E to produce an adapted exemplar E‘. The adapted 
exemplar E‘ may be presented to the user via output syn 
thesiZer 105. The user may be asked to con?rm Whether the 
action desired by the user may be expressed by exemplar E 
or adapted exemplar E‘. If the user accepts E or E‘, the 
controller 202 executes action A or adapted action A‘, 
respectively. If the user does not accept E or E‘, then the 
processor 203 may continue processing the recogniZed input 
string W, as described above, until the user’s request has 
been carried out. In alternative embodiments, if the user 
does not accept E or E‘, the controller may ask the user to 
rephrase their request. 

[0064] Application program 210 may execute the actionA 
or adapted action A‘ and return the resulting output O‘ to the 
controller 202. The controller 202 may present output O‘ to 
the user’s terminal device 102 via output synthesiZer 105. 

[0065] NoW the operation of an exemplary embodiment of 
the present invention Will be described With reference to 
FIG. 3. User 101 may access SLP 104 of a speech-enabled 
service in accordance With the present invention (301). 
Session manager 103 may cause speech recogniZer 106 to 
load (or sWitch to) the language model L for the active 
context related to the application program serviced by the 
SLP 104 (302). The user 101 may be presented With a 
greeting via output synthesiZer 105, and the user may 
respond by articulating a command into an input of terminal 
device 102 (303). The speech recogniZer 106 may receive 
input S and produce an output data string W (304). The 
output data string W may be a transcription hypothesis of the 
user’s command. 

[0066] Variation matcher 107 is applied to W to select an 
exemplar E from the active context C and to construct a 
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string-mapping function 4) (305). The exemplar adjuster 110 
applies the string-mapping function 4) in order to construct 
an adapted exemplar E‘ and an adapted executable action A‘ 
(306). The system asks the user for con?rmation to proceed 
With the sequence of actions A‘ by presenting to the user (via 
the output synthesiZer 105) the English expression E‘ (307) 
and asking user 101 Whether the adapted action A‘ as 
expressed by the adapted exemplar E‘ is desired (308). 

[0067] If the user selects, or says, “Yes,” the session 
manager passes the adapted action A‘ to the action invoker 
Which executes the action A‘ and returns any resulting output 
O‘ to the user via the output synthesiZer 105 (309). The 
session manager may send this output (or a summary of it as 
appropriate) to the speech synthesiZer or display. Based on 
the record (C, E, A, C‘) in active context speci?cation, the 
active context for handling the next request by the user is 
changed to the context C‘ associated With E in C, (310). 

[0068] If in step 308, the user selects, or says, “No” 
indicating that the exemplar E‘ does not express the action 
desired by the user, the speech recogniZer produces another 
output string W based on the command (304). In embodi 
ments of the present invention, the speech recogniZer 106 
may produce another output string W that may be different 
from the previously created W. The variation matcher 107 
may receive another output string W or may receive the 
same output string W and the variation matcher 107 may 
select another exemplar E‘ and mapping function (1)‘. The 
system may, for example, re-execute steps 306 through 308 
to construct an adapted action A‘ and adapted exemplar E‘ 
that is desired by the user. In other embodiments of the 
present invention, the controller may ask the user to rephrase 
their request. 

[0069] FIGS. 4A and 4B shoW a How chart applying 
embodiments of the present invention to an exemplary 
speech-enabled e-mail service. Auser may desire to retrieve 
e-mail messages and may log on via the Internet or call the 
speech-enabled e-mail service. The user may articulate 
speech into a microphone of, for example, the terminal 
device 102 or a telephone or other communication device 
(not shoWn). The controller 103 may load the active context 
language model for the speech-enabled e-mail service from 
variant database 108 of SLP 104. 

[0070] The user’s input may be converted to an electrical 
signal that is passed to the recogniZer as an input command 
S. Input command S may be, for example, “Was there 
anything neW from Kathleen?” (401). RecogniZer 106 may 
convert the command S into an output string W Which may 
be interpreted as “Is there any thing feW from Kathleen?” 
(402). As indicated above, the recogniZer 106 may be 
susceptible to errors depending on the clarity of the input or 
other external or internal variations; thus, for example, 
“new” may be interpreted as “feW” by recogniZer 106. 
Variation matcher 107 takes the string W and attempts to 
?nd a suitable match from the variant database 108. Varia 
tion matcher may retrieve a stored variant V “Is there 
anything from Joe?” (403). 

[0071] Based on the variant V, the variant matcher 107 
may retrieve exemplar E (e.g., Get the messages With sender 
Joe) that is associated With variant V of step 403 (404). 
Variant matcher 107 may construct a string mapping func 
tion 4), that expresses the difference betWeen output string W 
of step 402 and variant V of step 403 (405). String mapping 
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function 4) indicates the insertion of the Word “feW” and the 
substitution of the Word “Joe” by “Kathleen” (405). In 
embodiments of the invention, various knoWn techniques 
may be implemented to determine string-mapping function 
4). 

[0072] Variation matcher 107 may select an action A as 
“{mailAgent.setFolder(“INBOX); mailAgent.getmessages 
(“From=Joe”)}” based on the exemplar E of step 404 (406). 
The action A of step 406 is an exemplary action expressed 
as line of code that the application program understands and 
may be able to execute. It is recognized that the line of code 
for action A is given by example only and that many 
different expressions can be Written. A subset of string 
mapping function 4) as applicable to action A (q>A) is gen 
erated and may be applied to action A (407). 

[0073] Adapted action A‘ may be generated by applying 
4) to action A resulting in the line of code, for example, 
“[mailAgent.setFolder(“INBOX); mailAgent.getmessages 
(“From=Kathleen”)}” (408). Adapted exemplar E‘ may gen 
erate, for example, “Get the messages With sender Kathleen” 
(409). The adapted exemplar E‘ may be presented to the 
user; and if the user con?rms that the user desires the 
adapted action A‘ as expressed by the exemplar E‘, the 
adapted action A‘ may be executed by the API 114 of 
application program 115. Accordingly, messages from Kath 
leen, for example, may be presented to the user via output 
synthesiZer 105. 

[0074] Embodiments of the present invention may permit 
users to customiZe the variant database 108 so that they can 
create variants that closely represent the manner in Which 
the user Would articulate a particular action. FIG. 5 shoWs 
a block diagram shoWing a speech customiZation module 
500 in accordance With embodiments of the present inven 
tion. The customiZation module 500 may be used to add 
personaliZed variants relating to stored exemplars E in 
variant database 108. Users 101 may use, for example, a 
knoWn Web broWser 502 to access context customiZer 503. 
Although a Web broWser is shoWn, a user may use a 
telephone or other suitable device to access context custom 
iZer 503. 

[0075] Context customiZer 503 may be coupled to variant 
database 108 and customiZer server 501. Users of the system 
100 may access the generic context ?les Cg 109 stored in 
variant database 108 and create customiZed content ?les 504 
stored in a customiZation server 501. Generic context ?les 
Cg 109 may contain, for example, context identi?er C, a 
variant V and corresponding exemplar E. CustomiZation 
server 501 may contain customiZed context ?les 504 for a 
plurality of users U1-UN. Each customiZed ?le 504 may 
contain personaliZed context containing personaliZed vari 
ants (e.g., V11, V12 to Vmn) personal to the user. User U1 
may create one or more variants V corresponding to, for 
example, exemplar E. Thus, if the user U1 prefers to refer to 
a single action using varying commands, the user 101 may 
customiZe ?les 504 to re?ect this preference. It is recogniZed 
that any language—for example, French, Spanish, etc. may 
be used in embodiments of the present invention. 

[0076] In embodiments of the invention, user U1 may 
customiZe a context Cu1, adding to the variants associated 
With C in the user’s U1 personal variant database ?le 504 by 
composing natural language requests V and associating 
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them With natural language requests or lists of requests E 
Which are taken from the exemplars E associated With 
context C. 

[0077] The customiZation module 500 may permit a user 
to create and edit natural-language to natural-language (e.g., 
English-to-English) customiZation ?les stored, for example, 
on a server 501 using a standard HTTP broWser. User U1 
may be authenticated by the customiZation module 500 
using knoWn techniques and choosing an application, and 
Within that a context C, to customiZe. In one embodiment, 
user may construct pairs of the form “When I say V1, I mean 
E“ by choosing an exemplar E from among the available 
exemplars in C and entering a personaliZed variant V1 to be 
associated With that exemplar. 

[0078] Once the user U1 customiZes ?le 504 to re?ect 
personaliZed variants, the resulting variants may be 
uploaded into variant database 104 in the form: (U1, V1, E, 
C), indicating that the customiZed variant V1 belongs to user 
U1 and is related to exemplar E in context C. Accordingly, 
When the user U1 uses system 100 of FIG. 1, the customiZed 
context Will be available to the user U1 including the 
customiZed variants in addition to any variants that may 
already be present in the database for all users. In embodi 
ments of the present invention, for subsequent customiZa 
tions, the user may be presented With their oWn custom 
version of any context they have customiZed in the past. 
Additionally, users may be able to revert back to the generic 
context Cg When desired. 

[0079] The present invention has been described in terms 
of preferred and exemplary embodiments thereof. Numerous 
other embodiments, modi?cations and variations Within the 
scope and spirit of the appended claims Will occur to persons 
of ordinary skill in the art from a revieW of this disclosure. 

What is claimed is: 
1. A method for providing speech-enabled application 

programs comprising: 

responsive to an input string, selecting from one or more 
natural language variants a prospective variant that 
most resembles the input string; and 

identifying a natural language exemplar via a mapping 
betWeen the exemplar and the prospective variant. 

2. The method of claim 1, Wherein the mapping com 
prises: 

mapping the one or more natural language variants With 
at least one natural language exemplar. 

3. The method of claim 2, Wherein the prospective variant 
corresponds to at least one natural language exemplar. 

4. The method of claim 1, further comprising: 

executing an action instruction associated With the iden 
ti?ed natural language exemplar. 

5. The method of claim 1, further comprising: 

mapping a plurality of action instructions With a plurality 
of natural language exemplars, Wherein each action 
instruction is associated With at least one natural lan 
guage exemplar. 

6. The method of claim 5, further comprising: 

generating a mapping function that speci?es a difference 
betWeen the input string and the prospective variant. 
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7. The method of claim 6, further comprising: 

applying the mapping function to the action instruction 
associated With the identi?ed natural language exem 
plar to produce an adapted action instruction. 

8. The method of claim 7, further comprising: 

executing the produced adapted action instruction. 
9. The method of claim 6, further comprising: 

applying the mapping function to the identi?ed natural 
language exemplar to produce an adapted exemplar. 

10. The method of claim 9, further comprising 

forWarding the adapted exemplar to a user to con?rm 
Whether the user desires an adapted action correspond 
ing to the adapted exemplar. 

11. The method of claim 10, further comprising: 

executing the adapted action if the user con?rms that an 
adapted exemplar expresses the action desired by the 
user. 

12. The method of claim 11, further comprising: 

if the user does not accept that the adapted exemplar 
expresses the action desired by the user, selecting from 
the one or more natural language variants an alternative 
prospective variant that most resembles the input 
string; and 

identifying a natural language exemplar via a mapping 
betWeen the exemplar and the alternative prospective 
variant. 

13. The method of claim 12, further comprising: 

executing an action instruction associated With the iden 
ti?ed natural language exemplar. 

14. The method of claim 2, further comprising: 

storing one or more natural language variants mapped to 
at least one natural language exemplar in a memory. 

15. The method of claim 14, Wherein at least one natural 
language variant is input by a user. 

16. The method of claim 14, Wherein at least one natural 
language variant is input by an application developer. 

17. The method of claim 14, Wherein the at leas t one 
natural language exemplar is input by an application devel 
oper. 

18. The method of claim 14, Wherein the at least one 
natural language exemplar is produced automatically by a 
natural language generator. 

19. The method of claim 14, further comprising: 

producing at least one natural language variant by auto 
matically generating paraphrases of the natural lan 
guage exemplar. 

20. The method of claim 1, further comprising: 

loading an active context ?le relating to a service accessed 
by a user, the active context ?le containing the one or 
more natural language variants and the natural lan 
guage exemplar. 

21. The method of claim 1, further comprising: 

comparing the input string With the one or more natural 
language variants. 

22. The method of claim 1, Wherein the input string is 
input by at least one of a keyboard, handWriting recognition 
device, a dial pad, and a speech recognition device. 
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23. A system for providing speech-enabled application 
programs comprising: 

a voice recogniZer to receive an input string and produce 
a recogniZed input string; 

a memory to store one or more natural language variants 
corresponding to at least one natural language exem 
plar; and 

a processor to: 

select from the one or more natural language variants a 
prospective variant that most resembles the received 
recogniZed input string; and 

identify the at least one natural language exemplar 
corresponding to the prospective variant. 

24. The system of claim 23, further comprising: 

a controller adapted to execute an action instruction 
associated With the identi?ed natural language exem 
plar corresponding to the prospective variant. 

25. The system of claim 23, the processor adapted to map 
a plurality of action instructions With a plurality of natural 
language exemplars, Wherein each action instruction is asso 
ciated With at least one natural language exemplar and the 
memory to store the mapped action instructions. 

26. The system of claim 25, the processor adapted to 
further generate a mapping function that speci?es a differ 
ence betWeen the received recogniZed input string and the 
prospective variant. 

27. The system of claim 26, the processor adapted to 
apply the mapping function to the action instruction asso 
ciated With the identi?ed natural language exemplar mapped 
to the prospective variant to produce an adapted action 
instruction. 

28. The system of claim 27, the controller adapted to 
execute the produced adapted action instruction. 

29. The system of claim 28, further comprising: 

an output synthesiZer to present a result of the executed 
instruction by providing data that can be presented to 
an audio or visual terminal device. 

30. The system of claim 29, Wherein the output synthe 
siZer is at least one of a display format and a speech 
synthesiZer. 

31. The system of claim 23, further comprising: 

an input device to generate an input string. 
32. The system of claim 31, Wherein said input device is 

at least one of a keyboard, handWriting recognition device, 
a dial pad, and a speech recognition device. 

33. A machine-readable medium having stored thereon 
executable instructions for performing a method compris 
mg: 

responsive to an input string, selecting from one or more 
natural language variants a prospective variant that 
most resembles the input string; and 

identifying a natural language exemplar via a mapping 
betWeen the exemplar and the prospective variant. 

34. The machine-readable medium of claim 33 having 
stored thereon further executable instructions for performing 
a method comprising: 

mapping the one or more natural language variants With 
at least one natural language exemplar. 
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35. The machine-readable medium of claim 33 having 
stored thereon further executable instructions for performing 
a method comprising: 

executing an action instruction associated With the iden 
ti?ed natural language exemplar. 

36. The machine-readable medium of claim 33 having 
stored thereon further executable instructions for performing 
a method comprising: 

mapping a plurality of action instructions With a plurality 
of natural language exemplars, Wherein each action 
instruction is associated With at least one natural lan 
guage exemplar. 

37. The machine-readable medium of claim 36 having 
stored thereon further executable instructions for performing 
a method comprising: 

generating a mapping function that speci?es a difference 
betWeen the input string and the prospective variant. 

38. The machine-readable medium of claim 37 having 
stored thereon further executable instructions for performing 
a method comprising: 

applying the mapping function to the action instruction 
associated With the identi?ed natural language exem 
plar to produce an adapted action instruction. 

39. The machine-readable medium of claim 38 having 
stored thereon further executable instructions for performing 
a method comprising: 

executing the produced adapted action instruction. 
40. The machine-readable medium of claim 37 having 

stored thereon further executable instructions for performing 
a method comprising: 

applying the mapping function to the identi?ed natural 
language exemplar to produce an adapted exemplar. 

41. The machine-readable medium of claim 40 having 
stored thereon further executable instructions for performing 
a method comprising: 

forWarding the adapted exemplar to a user to con?rm 
Whether the user desires an adapted action correspond 
ing to the adapted exemplar. 

42. The machine-readable medium of claim 41 having 
stored thereon further executable instructions for performing 
a method comprising: 

executing the adapted action if the user con?rms that an 
adapted exemplar expresses the action desired by the 
user. 

43. The machine-readable medium of claim 42 having 
stored thereon further executable instructions for performing 
a method comprising: 

selecting from the one or more natural language variants 
an alternative prospective variant that most resembles 
the input string, if the user does not accept that the 
adapted exemplar expresses the action desired by the 
user; and 

identifying a natural language exemplar via a mapping 
betWeen the exemplar and the alternative prospective 
variant. 

44. The machine-readable medium of claim 43 having 
stored thereon further executable instructions for performing 
a method comprising: 
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executing an action instruction associated With the iden 
ti?ed natural language exemplar. 

45. In a speech-enabled service, a method for creating 
customiZed ?les containing personaliZed command variants 
relating to the speech-enabled service, the method compris 
mg: 

accessing a context ?le relating to the speech enabled 
service, the context ?le containing a natural language 
exemplar associated With a desired action; 

creating a customiZed variant for the desired action; and 

correlating the created variant With the natural language 
exemplar. 

46. The method of claim 45, Wherein the created variant 
represents one preferred Way of expressing the desired 
action. 

47. The method of claim 46, further comprising: 

storing the created variant in a customiZed context ?le, 
Wherein during service access by a user the personal 
iZed context ?le is uploaded by the speech-enabled 
service alloWing the user to express the desired action 
using the created variant. 

48. The method of claim 45, Wherein the context ?le is 
accessed using a Web broWser. 

49. The method of claim 45, Wherein the context ?le is 
accessed using a telephone. 

50. A system for providing speech-enabled application 
programs comprising: 

a memory to store one or more natural language variants 

corresponding to a natural language exemplar; and 

a processor to: 

select from the one or more natural language variants a 
prospective variant that most resembles an input 
string; and 

identify a natural language exemplar via a mapping 
betWeen the exemplar and the prospective variant. 

51. The system of claim 50, further comprising: 

a voice recogniZer to receive the input string and produce 
a recogniZed input string. 

52. The system of claim 50, further comprising: 

a controller adapted to execute an action instruction 
associated With the identi?ed natural language exem 
plar. 

53. The system of claim 50, the processor adapted to map 
the one or more natural language variants With the natural 
language exemplar. 

54. The system of claim 50, the processor adapted to map 
a plurality of action instructions With a plurality of natural 
language exemplars, Wherein each action instruction is asso 
ciated With at least one natural language exemplar and the 
memory to store the mapped action instructions. 

55. The system of claim 51, the processor adapted to 
generate a mapping function that speci?es a difference 
betWeen the recogniZed input string and the prospective 
variant. 
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56. The system of claim 55, the processor adapted to 
apply the mapping function to an action instruction associ 
ated With the identi?ed natural language exemplar to pro 
duce an adapted action instruction. 

57. The system of claim 56, further comprising: 

a controller adapted to eXecute the produced adapted 
action instruction. 

58. The system of claim 57, further comprising: 

an output synthesizer to present a result of the executed 
instruction by providing data that can be presented to 
an audio or visual terminal device. 
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59. The system of claim 58, Wherein the output synthe 
siZer is at least one of a display format and a speech 

synthesiZer. 
60. The system of claim 50, further comprising: 

an input device to generate the input string. 

61. The system of claim 60, Wherein said input device is 
at least one of a keyboard, handWriting recognition device, 
a dial pad, and a speech recognition device. 


