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_ Initialize the model A with uniform parameterization 
do { 

foreach NT—>a in 7t 
Compute the expected count C(NT—>a) with dynamic programming 
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SYSTEM WITH COMPOSITE STATISTICAL AND 
RULES-BASED GRAMMAR MODEL FOR SPEECH 

RECOGNITION AND NATURAL LANGUAGE 
UNDERSTANDING 

[0001] The present application is a continuation-in-part of 
and claims priority of US. patent application Ser. No. 
10/427,604, ?led May 1, 2003, the content of Which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to speech recognition 
and natural language understanding. More speci?cally, the 
present invention relates to using a composite model, 
formed of a statistical model portion and a rules-based 
grammar portion, as a language model in performing simul 
taneous speech recognition and natural language under 
standing. 
[0003] Recognizing and understanding spoken human 
speech is believed to be integral to future computing envi 
ronments. To date, the tasks of recogniZing and understand 
ing spoken speech have been addressed by tWo different 
systems. The ?rst is a speech recognition system, and the 
second is a natural language understanding system. 

[0004] Conventional speech recognition systems receive a 
speech signal indicative of a spoken language input. Acous 
tic features are identi?ed in the speech signal and the speech 
signal is decoded, using both an acoustic model and a 
language model, to provide an output indicative of Words 
represented by the input speech signal. 

[0005] Also, in order to facilitate the development of 
speech enabled applications and services, semantic-based 
robust understanding systems are currently under develop 
ment. Such systems are Widely used in conversational, 
research systems. HoWever, they are not particularly prac 
tical for use by conventional developers in implementing a 
conversational system. To a large extent, such implementa 
tions have relied on manual development of domain-speci?c 
grammars. This task is time consuming, error prone, and 
requires a signi?cant amount of expertise in the domain. 

[0006] In order to advance the development of speech 
enabled applications and services, an example-based gram 
mar authoring tool has been introduced. The tool is knoWn 
as SGStudio and is further discussed in Y. Wang and A. 
Acero, GRAMMAR LEARNING FOR SPOKEN LAN 
GUAGE UNDERSIANDING, IEEE Workshop on Auto 
matic Speech Recognition and Understanding, Madonna D. 
Campiglio Italy, 2001; and Y. Wang and A. Acero EVALU 
ATI ON OF SPOKEN LANGUAGE GRAMMAR LEARNING 
IN ATIS DOA/IAIN, Proceedings of ICASSP, Orlando, Fla. 
2002. This tool greatly eases grammar development by 
taking advantage of many different sources of prior infor 
mation. It also alloWs a regular developer, With little lin 
guistic knoWledge, to build a semantic grammar for spoken 
language understanding. The system facilitates the semi 
automatic generation of relatively high quality semantic 
grammars, With a small amount of data. Further, the tool not 
only signi?cantly reduces the effort involved in developing 
a grammar, but also improves the understanding accuracy 
across different domains. 

[0007] HoWever, a purely rules-based grammar in a NLU 
system can still lack robustness and exhibit brittleness. 
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[0008] In addition, most, if not all, prior approaches treat 
understanding as a separate problem, independent of speech 
recognition. AtWo-pass approach is often adopted, in Which 
a domain-speci?c n-gram language model is constructed and 
used for speech recognition in the ?rst pass, and an under 
standing model obtained With various learning algorithms is 
applied in the second pass to “understand” the output from 
the speech recogniZer. 

SUMMARY OF THE INVENTION 

[0009] It is believed that prior systems Which treated 
understanding and speech recognition as tWo separate, inde 
pendent tasks, exhibit a number of disadvantages. First, the 
objective function being optimiZed When building an n-gram 
language model for a speech recogniZer is the reduction of 
the test data perplexity, Which is related to the reduction of 
the speech recognition Word error rate. This does not nec 
essarily lead to a reduction in overall understanding error 
rate. Second, a large amount of training data is rarely 
available for the development of many speech applications. 
An n-gram trained on a small amount of data often yields 
poor recognition accuracy. 

[0010] The present invention thus uses a composite sta 
tistical model and rules-based grammar language model to 
perform both the speech recognition task and the natural 
language understanding task. 

[0011] One embodiment of the invention also includes 
structuring a state machine corresponding to the composite 
model in a compact manner by processing all unseen Words 
for each n-gram by referring to a shared distribution over a 
back-off state, rather than including a loop for each unseen 
Word in every n-gram. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram of one exemplary 
environment in Which the present invention can be used. 

[0013] FIG. 2A is a block diagram of one embodiment of 
a model-authoring component in accordance With one 
embodiment of the present invention. 

[0014] 
[0015] FIG. 2C illustrates an example set of rules gener 
ated for the example schema. 

[0016] 
sentence. 

FIG. 2B illustrates an example schema. 

FIG. 2D illustrates an example of an annotated 

[0017] FIG. 2E illustrates an example parse tree. 

[0018] FIG. 2F illustrates a table of possible preterminals 
for Words in examples. 

[0019] FIG. 2G is a table of re-Write rules With associated 
counts and probabilities. 

[0020] FIG. 3A is a block diagram shoWing a grammar 
authoring component in greater detail. 

[0021] FIG. 3B is a How diagram illustrating the operation 
of the grammar-authoring component shoWn in FIG. 3A. 

[0022] FIG. 4 illustrates a model-authoring component in 
accordance With another embodiment of the present inven 
tion. 
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[0023] FIG. 5 shows an example of enumerated segmen 
tations. 

[0024] FIG. 6 illustrates a statistical model in greater 
detail in accordance With one embodiment of the present 
invention. 

[0025] FIG. 7 is an example of a simpli?ed schema. 

[0026] FIG. 8 is an example of a set of rules generated 
from the schema in FIG. 7. 

[0027] FIG. 9 is an example of an annotated sentence. 

[0028] FIG. 10 shoWs generated rules. 

[0029] FIG. 11 illustrates a state diagram for a composite 
model. 

[0030] FIG. 12 shoWs pseudo code describing a training 
technique. 
[0031] FIG. 13 is a block diagram illustrating a runtime 
system for using a model generated in accordance With the 
present invention. 

[0032] FIG. 14 illustrates an example of a decoder trellis. 

[0033] FIG. 15 is a simpli?ed block diagram of a speech 
recognition system. 

[0034] FIG. 16 illustrates another simpli?ed application 
schema Which is used in the example shoWn in FIGS. 
17A-18B. 

[0035] FIG. 17A illustrates a Hidden Markov Model 
(HMM) structure corresponding to a top-level grammar 
generated from the schema shoWn in FIG. 16. 

[0036] FIG. 17B illustrates the HMM structure for the 
“ShoWFlight” model from FIG. 17A, in greater detail. 

[0037] 17C illustrates use of the HMM structure shoWn in 
FIG. 17B. 

[0038] FIG. 18A illustrates a ?nite state representation of 
a bigram language model With tWo observed Words (a, b). 

[0039] FIG. 18B illustrates a ?nite state representation of 
a model that models a uniform distribution over the back-off 
state shoWn in FIG. 18A. 

[0040] FIG. 18C shoWs a ?nite state representation of a 
bigram language model With tWo observed Words (c, d). 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0041] The present invention deals With a speech recog 
nition and natural language understanding system. More 
speci?cally, the present invention deals With a composite 
rules-based grammar and statistical model used to perform 
both speech recognition and natural language understanding. 
HoWever, prior to discussing the present invention in greater 
detail, one exemplary environment in Which the present 
invention can be us Will be discussed. 

[0042] FIG. 1 illustrates an example of a suitable com 
puting system environment 100 on Which the invention may 
be implemented. The computing system environment 100 is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
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dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

[0043] The invention is operational With numerous other 
general purpose or special purpose computing system envi 
ronments or con?gurations. Examples of Well knoWn com 
puting systems, environments, and/or con?gurations that 
may be suitable for use With the invention include, but are 
not limited to, personal computers, server computers, hand 
held or laptop devices, multiprocessor systems, micropro 
cessor-based systems, set top boxes, programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, distributed computing environments that include 
any of the above systems or devices, and the like. 

[0044] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc. that perform particular tasks or 
implement particular abstract data types. The invention may 
also be practiced in distributed computing environments 
Where tasks are performed by remote processing devices that 
are linked through a communications netWork. In a distrib 
uted computing environment, program modules may be 
located in both local and remote computer storage media 
including memory storage devices. 

[0045] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of computer 110 may include, but are not limited to, 
a processing unit 120, a system memory 130, and a system 
bus 121 that couples various system components including 
the system memory to the processing unit 120. The system 
bus 121 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0046] Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not limita 
tion, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes both volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, 
RAM, ROM, EEPROM, ?ash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium Which can be used to store the desired 
information and Which can be accessed by computer 100. 
Communication media typically embodies computer read 
able instructions, data structures, program modules or other 


























