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(57) ABSTRACT 

An automated directory assistance (130) includes a training 
system (210). and a directory assistance system (220). The 
training system (210) trains andmaintains the directory assis- 
tance system (220). The training system (210) includes a 
transcription module (310), a speech grammar estimation 
module (330), a listings statistics estimation module (340), 
and a required words determination module (350). The tran- 
scription module (310) obtains transcripts relating to direc- 
tory service requests. The speech grammar estimation mod- 
ule (330) creates an n-gram grammar for multiple telephone 
numbers from the transcripts. The listings statistics estima- 
tion module (340) identifies words used to refer to each of the 
telephone numbers from the transcripts. The required words 
determination module (350) identifies at least one word that is 
required to request each of the telephone numbers from the 
transcripts. The directory assistance system (210) includes a 
speech recognition module (510), a listing retrieval module 
(520), and an accept/reject module (530). The speech recog- 
nition module (510) receives an audible request for a tele- 
phone number from a caller and generates a transcript from 
the audible request. The listing retrieval module (520) 
retrieves at least one listing corresponding to the audible 
request from a database using the transcript. The accept/rej ect 
module (53 0) determines whether to accept one or more of the 
listings retrieved by the listing retrieval module (520) and 
presents a telephone number corresponding to the accepted 
listing to the caller. 

17 Claims, 8 Drawing Sheets 
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SYSTEM AND METHODS FOR USING 
TRANSCRIPTS TO TRAIN AN AUTOMATED 

DIRECTORY ASSISTANCE SERVICE 

RELATED APPLICATION 5 

The present application is related to and claims priority 
under 35 U.S.C. § 120 from previously filed utility patent 
application, application Ser. No. 09/656,264, filed Sep. 6, 
2000, and entitled SYSTEMS AND METHODS FOR PRO- 10 
VIDING AUTOMATED DIRECTORY ASSISTANCE, by 
Richard Mark Schwartz et al. 

BACKGROUND OF THE INVENTION 
15 

A. Field of the Invention 
The present invention relates generally to communication 

systems and, more particularly, to systems and methods that 
provide automated directory assistance. 

B. Description of Related Art 20 
Conventional telephone directory assistance requires a 

large number of people at great expense. Conventional sys- 
tems have attempted to automate some of the calls for the 
most frequently requested listings using speech recognition. 
A typical system requires a large effort on the part of experts 25 
to set up and maintain the system. For example, the experts 
first determine the few most frequently requested listings 
(FRLs) and then record and transcribe calls to human opera- 
tors. 

For each of the FRLs, the experts design a small grammar 30 
specifying the various ways that each listing might be said. 
This is necessary because people rarely ask for the listing by 
saying it exactly as it appears in the telephone directory. They 
leave out parts of the listing (e.g., "Sears" instead of "Sears, 
Roebuck and Company Department Store"). They insert extra 35 
words   (e.g.,   "K-Mart   Department   Store"   instead   of 
"K-Mart"). They insert extraneous words (e.g., "Uh I want the 
number for Sears, please"). They abbreviate listings (e.g., 
"DMV" for "Department of Motor Vehicles"). They also use 
other names entirely (e.g., "The phone company" instead of 40 
"Verizon"). 

It is very hard to predict what people will say for each 
listing. Therefore, the experts usually create a grammar from 
several real examples. This is labor intensive, however. 

Typically, the experts group the grammars for each of the 45 
FRLs to make a grammar for all of them. This makes it 
possible to recognize requests for any of the FRLs as long as 
the request is phrased in one of the ways anticipated by the 
experts. Most requests, however, are not for one of the FRLs, 
but for some other listing. In this case, the conventional sys- 50 
terns detect that the requested number is not one of the FRLs 
and route the call to a human directory assistance operator. 

As a result, a need exists for an automated directory assis- 
tance system that automates a larger number of listings than 
conventional systems. 55 

SUMMARY OF THE INVENTION 

Systems and methods consistent with the present invention 
address this need by providing automated directory assis- 60 
tance that uses large vocabulary speech recognition and infor- 
mation retrieval techniques to automate a large number of 
listings, and mechanisms for setting up and maintaining the 
automated directory assistance. 

In accordance with the purpose of the invention as embod-  65 
ied and broadly described herein, an automated directory 
assistance system includes a speech recognition module, a 

listing retrieval module, and an accept/reject module. The 
speech recognition module receives an audible request for a 
telephone number from a caller and generates a transcript 
from the audible request. The listing retrieval module 
retrieves at least one listing corresponding to the audible 
request from a database using the transcript. The accept/rej ect 
module determines whether to accept one or more of the 
listings retrieved by the listing retrieval module and presents 
a telephone number corresponding to the accepted listing to 
the caller. 

One mode of operation for this system relies on having 
transcriptions of actual telephone calls to directory assis- 
tance. These calls may be used to derive the language model 
for recognition, to retrieve the appropriate telephone number, 
and to allow estimation of acoustic models. In one implemen- 
tation consistent with the present invention, the actual tele- 
phone calls are transcribed by humans. 

In another implementation consistent with the present 
invention, a system for generating transcripts used by an 
automated directory assistance service includes a grammar 
creation component and a speech recognition component. 
The grammar creation component creates a loose grammar 
for multiple telephone numbers using grammar rules and 
general phrases. The speech recognition component gener- 
ates a transcript of a directory assistance call using the loose 
grammar. 

In yet another implementation consistent with the present 
invention, a method for generating transcripts used to config- 
ure an automated directory assistance service includes creat- 
ing a loose grammar for multiple telephone numbers using 
grammar rules and general phrases; generating a transcript of 
a directory assistance call using the loose grammar and 
knowledge of a telephone number that was given out by a 
human operator for the directory assistance call; producing a 
confidence score for the generated transcript; and determin- 
ing whether the generated transcript is acceptable based on 
the confidence score for the generated transcript. 

In another implementation consistent with the present 
invention, a system for training an automated directory assis- 
tance service includes a transcription module, a speech gram- 
mar estimation module, a listings statistics estimation mod- 
ule, and a required words determination module. The 
transcription module obtains transcripts relating to directory 
service requests. The speech grammar estimation module 
creates an n-gram grammar for multiple telephone numbers 
from the transcripts. The listings statistics estimation module 
identifies words used to refer to each of the telephone num- 
bers from the transcripts. The required words determination 
module identifies at least one word that is required to request 
each of the telephone numbers from the transcripts. 

In a further implementation consistent with the present 
invention, a directory assistance system includes a training 
system and a directory assistance system. The training system 
includes a transcription module, a speech grammar estima- 
tion module, a listings statistics estimation module, and a 
required words determination module. The transcription 
module obtains training transcripts relating to directory ser- 
vice requests. The speech grammar estimation module cre- 
ates an n-gram grammar for multiple telephone numbers from 
the training transcripts. The listings statistics estimation mod- 
ule identifies words used to refer to each of the telephone 
numbers from the training transcripts and stores the words as 
listings in a database. The required words determination mod- 
ule identifies at least one word that is required to request each 
of the telephone numbers from the training transcripts. 

The directory assistance system includes a speech recog- 
nition module, a listing retrieval module, and an accept/reject 
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module. The speech recognition module receives an audible 
request for a telephone number from a caller and generates a 
transcript from the audible request using the n-gram gram- 
mar. The listing retrieval module retrieves at least one listing 
corresponding to the audible request from the database using 5 
the transcript. The accept/reject module determines whether 
to accept the listing retrieved by the listing retrieval module 
based on the at least one required word of sufficiently high 
confidence and presents a telephone number corresponding to 
the accepted listing to the caller. 10 

In another implementation consistent with the present 
invention, a method for providing a directory assistance ser- 
vice includes receiving a request for a telephone number from 
a caller, the request being spoken by the caller and including 
a location and listing corresponding to the telephone number; 15 
using large vocabulary speech recognition to recognize at 
least one word spoken by the caller when making the request; 
using statistical information retrieval to identify a listing cor- 
responding to the recognized word; determining whether the 
listing is likely to be correct; and providing a telephone num- 20 
ber corresponding to the listing to the caller. 

In yet another implementation consistent with the present 
invention, a method for providing a directory assistance ser- 
vice includes receiving a request for a telephone number from 
a caller, the request being spoken by the caller and including 25 
a location and listing corresponding to the telephone number; 
using large vocabulary speech recognition to recognize at 
least one word spoken by the caller when making the request; 
using statistical information retrieval to identify a listing cor- 
responding to the recognized word; and connecting the caller 30 
to a called party corresponding to the listing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate the inven- 
tion and, together with the description, explain the invention. 
In the drawings, 

FIG. 1 is an exemplary diagram of a network in which 
systems and methods consistent with the present invention 
may be implemented; 

FIG. 2 is an exemplary diagram of the automated directory 
assistance of FIG. 1 in an implementation consistent with the 
present invention; 

FIG. 3 is an exemplary diagram of the training system of 
FIG. 2 in an implementation consistent with the present 
invention; 

FIG. 4 is an exemplary diagram of an automatic transcrip- 
tion module that may be used by the training system of FIG. 
3 in an implementation consistent with the present invention; 

FIG. 5 is an exemplary diagram of the directory assistance 
system of FIG. 2 in an implementation consistent with the 
present invention; 

FIG. 6 is a flowchart of exemplary processing for training 
a directory assistance system according to an implementation 
consistent with the present invention; 

FIG. 7 is a flowchart of exemplary processing for automati- 
cally generating transcripts according to an implementation 
consistent with the present invention; and 

FIG. 8 is an exemplary flowchart of directory assistance 
processing according to an implementation consistent with 
the present invention. 

DETAILED DESCRIPTION 

The following detailed description of the invention refers  65 
to the accompanying drawings. The same reference numbers 
in different drawings identify the same or similar elements. 

35 

40 

45 

50 

55 

60 

Also, the following detailed description does not limit the 
invention. Instead, the scope of the invention is defined by the 
appended claims and equivalents. 

Systems and methods consistent with the present invention 
automate directory assistance using large vocabulary speech 
recognition and information retrieval techniques to service a 
wide range of telephone number requests. The systems and 
methods also provide mechanisms for automatically generat- 
ing transcripts used to train and maintain the automated direc- 
tory assistance. 

EXEMPLARY NETWORK 

FIG. 1 is a diagram of an exemplary network 100 in which 
systems and methods consistent with the present invention 
may be implemented. The network 100 may include caller 
device 110 connected to operator directory assistance 120 and 
automated directory assistance 130 via a network 140. The 
network 140 may include one or more networks, such as the 
public switched telephone network (PSTN), the Internet, an 
intranet, a local area network (LAN), a wide area network 
(WAN), etc., that permit the caller device 110, the operator 
directory assistance 120, and the automated directory assis- 
tance 130 to communicate. 

The caller device 110 may include a conventional commu- 
nications device capable of communicating over the network 
140 via a wired, wireless, or optical connection. The caller 
device 110 may include a wired or wireless telephone, a 
personal or portable computer, a personal digital assistant 
(PDA), or a similar device. The operator directory assistance 
120 may include one or more communications devices oper- 
ated by one or more human operators. The communications 
devices may include a telephone device 122, a computer 
device 124, or a similar device. While only a single caller 
device and two exemplary operator directory assistance 
devices have been shown in FIG. 1, one of ordinary skill in the 
art would recognize that the network 100 may include addi- 
tional and/or different devices. 

The automated directory assistance 130 may include one or 
more computer devices, or the like, that operate upon a 
request for a telephone number from a caller device, such as 
the caller device 110, to provide the telephone number and/or 
a connection to the desired called party. FIG. 2 is an exem- 
plary diagram of the automated directory assistance 130 
according to an implementation consistent with the present 
invention. The automated directory assistance 130 may 
include a training system 210 and a directory assistance sys- 
tem 220. The training system 210 trains and configures the 
directory assistance system 220. The directory assistance sys- 
tem 220 services telephone number requests from caller 
devices. 

FIG. 3 is an exemplary diagram of the training system 210 
according to an implementation consistent with the present 
invention. The training system 210 may include a transcrip- 
tion module 310, an acoustic model training module 320, a 
speech grammar estimation module 330, a listing statistics 
estimation module 340, and a required words determination 
module 350. These modules may be implemented in hard- 
ware, software, or a combination of hardware and software. 

The transcription module 310 provides transcripts corre- 
sponding to recorded requests for telephone numbers. The 
transcription module 310 may obtain these transcripts in at 
least two different ways. In some implementations consistent 
with the present invention, the transcription module 310 uses 
human transcribers to create the transcripts from previously- 
recorded calls or from a phone book. In alternate implemen- 
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30 

tations consistent with the present invention, the transcription 
module 310 automatically generates the transcripts. The tran- 
scription module 310 may also use a combination of human 
and automatic processing. 

FIG. 4 is an exemplary diagram of the transcription module 5 
310 in accordance with these alternate implementations con- 
sistent with the present invention. The transcription module 
310 may include a grammar creation component 410, a 
speech recognition component 420, optionally an accept/re- 
ject component 430, and optionally a verification/correction 10 
component 440. These components may be implemented in 
hardware, software, or a combination of hardware and soft- 
ware. The verification/correction component 440 may take 
the form of one or more human parties. 

The grammar creation component 410 operates upon at 15 

least three sources of information: a phone book, grammar 
rules, and general phrases. The grammar creation component 
410 may use the phone book to obtain listings corresponding 
to telephone numbers in the phone book. The grammar cre- 
ation component 410 may use conventional manual or auto- 20 

matic techniques to translate the listings. 
The transcription module 310 needs phonetic spellings for 

all of the words that will be recognized. One automatic tech- 
nique predicts phonetic spellings for words included in the 
listings, aligns the predicted spelling with the manual spell- 
ing, and creates a confusion matrix therefrom. From the con- 
fusion matrix, the technique expands the predicted spelling of 
new words into a network of possible spellings and recog- 
nizes the most likely phonemes. 

The grammar rules may include a very broad set of rules 
(e.g., anything that is plausible) for possible words and/or 
phrases that might be used to refer to a listing. For example, 
the grammar rules may include alternate words, such as 
"DMV" for a listing for the "Department of Motor Vehicles." 
The general phrases may include additional or extraneous 
words that may be provided when referring to any listing, 
such as "I want the number for," "Please give me the number 
for," "I need," etc. 

The grammar creation component 410 may use the phone 40 

book, grammar rules, and general phrases to create a loose 
grammar for each telephone number. The grammar is loose 
because it may include all of the ways that someone may 
plausibly request the listing. The grammar creation compo- 
nent 410 may store this loose grammar in a database acces- 45 

sible by the speech recognition component 420. 
The speech recognition component 420 may include a 

conventional speech recognizer, such as BYBLOS or HARK 
manufactured by GTE Corporation, to generate a hypoth- 
esized transcript based on the spoken (audio) request from a 50 
caller, the telephone, number given by a human directory 
assistance operator, and the loose grammar created by the 
grammar creation component 410. The speech recognition 
component 420 may convert the audio request to digital form 
and use the loose grammar corresponding to the telephone 55 
number given by the human operator to recognize the words 
spoken by the caller. From this, the speech recognition com- 
ponent 420 may generate the hypothesized transcript. 

In at least one implementation consistent with the present 
invention, the speech recognition component 420 provides 60 
the hypothesized transcript to the accept/reject component 
430. The accept/reject component 430 may operate upon a set 
of criteria to determine whether the hypothesized transcript is 
accurate or meets some threshold of accuracy. The accept/ 
reject component 430 may generate a confidence value based 65 
on its determination. At this point in the process, the tran- 
scription module 310 does not yet have transcriptions for how 

people ask for these telephone numbers, so the confidence 
values may be based on acoustic measures and other mecha- 
nisms. 

There are many methods that may be used to determine the 
confidence value for the recognized transcript. For example, 
the accept/rej ect component 430 may compare the confidence 
scores of each of the recognized words with the scores for an 
arbitrary sequence of phonemes. The accept/reject compo- 
nent 430 may also consider other information, such as the 
length of each word or the amount of training for each word. 
The transcription module 310 may use the information pro- 
vided by the telephone number given out by the operator to 
narrow down the possibilities, and then also try to determine 
when the recognized transcript is correct. 

The verification/correction component 440 may verify all 
of the transcripts that were produced automatically and make 
corrections, as necessary. The verification/correction may be 
performed quickly by one or more human parties to eliminate 
the errors present in the automatically-produced transcripts. 

Returning to FIG. 3, the acoustic model training module 
320, the speech grammar estimation module 330, the listing 
statistics estimation module 340, and the required words 
determination module 350 operate upon the transcripts from 
the transcription module 310. The acoustic model training 
module 320 may estimate acoustic models, such as Hidden 
Markov Models (HMMs) that are used in speech recognition. 
The acoustic model training module 320 analyzes examples 
of speech waveforms to compute the statistics of the spectral 
parameters therefrom. Using the spectral parameters and the 
corresponding transcripts, the acoustic model training mod- 
ule 320 gathers the speech and the corresponding text of what 
was said. The acoustic model training module 320 expands 
the text using a phonetic dictionary into phonemes and then 
estimates the acoustic models (i.e., the parameters of the 
HMMs) that are used in speech recognition. 

The speech grammar estimation module 330 may create a 
statistical n-gram grammar using transcripts (i.e., words and 
phrases) from the transcription module 310. In other words, 
the speech grammar estimation module 330 takes all of the 
words/phrases that callers have used for all of the listings and 
estimates an n-gram grammar. The statistical n-gram gram- 
mar estimates the likelihood of each single word, each pair of 
words, each triplet of words, etc. For a tri-gram grammar, for 
example, the speech grammar estimation module 330 deter- 
mines, given any two preceding words, the probability of each 
possible third word. 

The listing statistics estimation module 340 may generate 
a city/listings database from the transcripts from the tran- 
scription module 310. The listing statistics estimation module 
340 uses the transcripts to identify all of the words and 
phrases that have been used to refer to a particular telephone 
number. The listing statistics estimation module 340 concat- 
enates these words and phrases to form a document or file 
relating to the particular telephone number. The listing statis- 
tics estimation module 340 then stores the document in a 
database, such as the city/listings database. The city/listings 
database stores a separate document for each telephone num- 
ber and these documents are searchable using a word or 
phrase from a transcript (as described later). 

One technique that the training system 210 may use to 
determine whether the retrieved listing was correct is to com- 
pare the recognized utterance with a set of "required words." 
The technique allows for multiple sets of required words and 
requires that the recognized utterance match one of the sets to 
some degree. For example, for the Department of Motor 
Vehicles, the training system 210 might accept the words 
"Department, Motor, Vehicles," or "Registry, Vehicles," or it 
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might also accept "DMV" as an alternative. The training 
system 210 may allow the user to say other words as well, as 
long as the required words are spoken. 

The required words determination module 350 may iden- 
tify one or more words or lists of words, using the transcripts, 5 
that must be used to request a particular telephone number 
and store the word or words in a required words database. To 
generate this word or list of words, the required words deter- 
mination module 350 may remove all of the "stop" words 
from transcripts of requests for each listing. Stop words are 10 
words that are considered useless, such as "Please," "I want," 
etc. 

The required words determination module 350 may then 
count the number of times that each distinct word or phrase 
was used and identify which of these words or phrases are 15 
required based on some pre-established criteria. For example, 
the criteria may require that a word or phrase occur at least 
some minimum number of times (e.g., 2) and/or that the word 
or phrase account for at least some minimum percentage (e.g., 
10%) of the transcripts to constitute a required word or 20 
phrase. These required minimums may be modified to trade 
off false rejection against false acceptance. If the minimums 
are raised, there will be fewer required words or phrases, 
resulting in higher false rejection with correspondingly lower 
false acceptance. 25 

Returning to FIG. 2, the training system 210 uses the above 
modules to train and configure the directory assistance sys- 
tem 220. The directory assistance system 220 services tele- 
phone number requests from caller devices, such as the caller 
device 110. FIG. 5 is an exemplary diagram of the directory 30 
assistance system 220 in an implementation consistent with 
the present invention. The directory assistance system 220 
may include a speech recognition module 510, a listing 
retrieval module 520, and an accept/reject module 530. 

The speech recognition module 510 may include a conven- 35 
tional large vocabulary recognizer, such as BYBLOS or 
HARK, that receives speech from a caller and generates a 
recognized transcript therefrom. The speech recognition 
module 510 may convert the audible speech from the caller to 
a digital format, record it, and use the acoustic models and 40 
speech grammar to recognize the word or phrase (i.e., 
sequence of words) spoken by the caller. The speech recog- 
nition module 510 uses the recognized word or phrase to 
generate a recognized transcript corresponding to the word(s) 
spoken by the caller. 45 

In addition to a transcription of the user's utterance, the 
speech recognition module 510 may also produce a confi- 
dence score for each word in the recognized transcript as well 
as a confidence score for the whole transcript. This confi- 
dence score reflects the likelihood that this word or utterance 50 
has been recognized correctly. If the confidence score for the 
whole transcript is sufficiently low, the entire utterance may 
be rejected. The word confidence scores may be used by the 
accept/reject module 530 as described below. 

The listing retrieval module 520 may include a statistical  55 
information retrieval system, such as the statistical document 
retrieval system described in U.S. patent application Ser. No. 
09/127,685, filed Jul. 31,1998, that uses the recognized tran- 
script from the speech recognition module 510 as a query into 
the city/listings database. The listing retrieval module 520  60 
finds the most likely listing(s) in the city/listings database 
given the recognized transcript and generates a list of hypoth- 
esized listings. The listing retrieval module 520 may use the 
prior probability of a request for a particular telephone num- 
ber as well as the probability that a request for that telephone  65 
number would result in the words that were spoken. If the 
listing retrieval module 520 finds more than one potential 

listing, the listing retrieval module 520 may rank them based 
on their potential relevance. Conversely, the listing retrieval 
module 520 may reject the transcript if no listings are above 
a specified threshold. 

The accept/reject module 530 uses the recognized tran- 
script, the hypothesized listing, and the required words data- 
base to determine whether to accept or reject a hypothesized 
listing. The accept/reject module 530 may use the hypoth- 
esized listing as a query or index into the required words 
database to determine what word or list of words are required 
for the particular listing. The accept/reject module 530 then 
determines whether the recognized transcript from the speech 
recognition module 510 contains the required word or list of 
words. 

For the accept/reject module 530 to accept the hypoth- 
esized listing, the accept/reject module 530 must find one or 
more of the required word lists in the recognized transcript. 
The accept/reject module 530 may ignore other words in the 
transcript, as well as the order of the words. If the accept/ 
reject module 530 finds none of the required words in the 
transcript, it rejects the hypothesized listing. If the listing is 
rejected, the accept/reject module 530 may forward a record- 
ing of the caller's request to a human operator, such as an 
operator in the operator directory assistance 120 (FIG. 1), to 
service the request. 

In addition to requiring that certain words be found in the 
caller's utterance, the accept/reject module 530 may reject the 
listing if the word confidence score produced by the speech 
recognition module 510 for any of the required words is 
below a specified threshold. 

FIG. 6 is a flowchart of exemplary processing for training 
a directory assistance system according to an implementation 
consistent with the present invention. While a series of steps 
are shown, the steps may be performed in a different order 
and/or concurrently. 

Transcripts of user requests are used at several stages of the 
training system 210. Processing begins with the transcription 
module 310 obtaining transcripts corresponding to requests 
for telephone numbers [step 610]. These requests may be 
actual, previously-recorded calls from callers serviced by 
human directory assistance operators. Because these calls are 
prior calls that were already serviced, the transcription mod- 
ule 310 knows not only what the callers said, but what tele- 
phone numbers were given out by the directory assistance 
operators. 

The transcription module 310 may obtain the transcripts 
either manually or automatically. In the manual process, 
human transcribers create the transcripts from previously- 
recorded calls or from a phone book. It can be expensive, 
however, to transcribe a large number of utterances manually. 
Therefore, to produce transcripts at reduced cost, the tran- 
scription module 310 may use an automatic procedure or a 
semi-automatic one in which the automatic procedure is fol- 
lowed by a human verification stage. 

In the automatic process, the transcription module 310 
generates the transcripts from the previously-recorded calls 
and the phone book. FIG. 7 is a flowchart of exemplary 
processing for automatically generating transcripts according 
to an implementation consistent with the present invention. 
The grammar creation component 410 (FIG. 4) may obtain 
listings from a phone book and translate them [step 710]. The 
grammar creation component 410 may use one of several 
conventional techniques to translate the listings to electronic 
form. The grammar creation component 410 may use the 
translated listing, a broad set of grammar rules, and a set of 
general phrases to create a loose grammar for each telephone 
number in the phone book [step 720]. The grammar is loose 
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because it may include all of the ways that someone may 
plausibly request the corresponding telephone number. 

The speech recognition component 420 may receive a 
recorded request from a caller, along with the telephone num- 
ber provided by a human directory assistance operator. The 5 

caller request may be one of many examples that the speech 
recognition component 420 uses to create a transcript. The 
speech recognition component 420 may convert the audio 
request to digital form using a conventional conversion tech- 
nique: The speech recognition component 420 may then gen- 1° 
erate a hypothesized transcript corresponding to the recorded 
caller request [step 730]. The speech recognition component 
420 uses the loose grammar, corresponding to the telephone 
number provided by the human operator for this request, to 
recognize the word(s) spoken by the caller. The speech rec- 15 

ognition component 420 produces the hypothesized tran- 
script, which is the recognized sequence of words. It may also 
produce a confidence score for each word and/or for the 
whole utterance. 

The accept/reject component 430 may determine the accu- 20 

racy of the hypothesized transcript(s) [step 740]. The accept/ 
reject component 430 may determine whether a transcript is 
accurate or meets some threshold of accuracy by determining 
whether the transcript contains one or more words that are 
required for the particular listing. Other techniques may alter- 25 

natively be used. For example, it may also reject a transcript 
based on the word or utterance confidence scores. 

At this stage of preparation, a complete list of required 
words for each telephone number may not exist because the 
required words are determined from the set of transcripts of 
calls requesting a particular number. Therefore, the accept/ 
reject component 430 may use the statistical confidences 
produced by the speech recognition component 420 to accept 
or reject the transcript. If the confidence scores are suffi- 
ciently high, the transcript may be accepted. 

Assume, for example, that a recorded call contains a 
request from a caller, such as "Please give me the number for 
the DMV" and that the telephone number provided by the 
human operator was 703-555-1212. Assume further that the 
required words for this listing include "DMV" and "motor 
vehicle." In this case, the grammar creation component 410 
may create a loose grammar for telephone number 703-555- 
1212 that includes words, such as "department, "motor," 
"vehicles," "DMV," "state," "driver," "license," "plate," "reg- 
istration," "driving," etc., along with general phrases, such as 
"I want the number for," "please give me the number for," etc. 

The  speech recognition component  420  receives  the 
recorded call (i.e., "Please give me the number for the DMV") 
and the telephone number (i.e., 703-555-1212) given out by 50 
the operator. The speech recognition component 420 converts 
the recorded call to digital form and identifies the loose gram- 
mar corresponding to the telephone number 763-555-1212. 
The speech recognition component 420 may use the tele- 
phone number as an index into a database of loose grammars  55 
created by the grammar creation component 410. The speech 
recognition component 420 uses the loose grammar in a con- 
ventional manner to recognize the words spoken by the caller 
and includes these words in a hypothesized transcript. Sup- 
pose, for example, that the hypothesized transcript includes  6Q 

the word "DMV." 
The accept/reject component 430 may then determine the 

accuracy of the hypothesized transcript. The accept/reject 
component 430 may compare the hypothesized transcript to 
the required words. In this case, the word "DMV" appears in 65 
both the transcript and the required words. Therefore, the 
accept/reject component 430 accepts the transcript. 

30 

35 

The automatic transcription process may reject sentences 
for which the confidence scores are not high enough. This 
may result in many utterances being rejected even though the 
automatic transcription was correct or nearly correct. In addi- 
tion, the automatic transcription process might produce some 
incorrect transcripts that are accepted by the accept/reject 
component 430. These problems may be alleviated by human 
verification/correction component 440. 

The verification/correction component 440 may use three 
ranges of confidence scores. If the confidence scores pro- 
duced by the speech recognition module 420 are sufficiently 
high (i.e., above a high threshold), the transcript is accepted 
automatically. If they are sufficiently low (i.e., below a low 
threshold), the transcript may be rejected without human 
intervention. If they are in between the high and low thresh- 
olds, the recorded speech may be played to a human as the 
transcript of the recognized transcript is displayed. The 
human may also be shown the phone book entry for the 
telephone number that was given out by the operator. 

In one implementation consistent with the present inven- 
tion, the human merely accepts or rejects the transcript. This 
requires a very small fraction of the time that would have been 
required for the human to transcribe the utterance manually. 
Yet, it avoids discarding any utterance that has been automati- 
cally transcribed correctly or keeping any transcripts that are 
incorrect. In another implementation consistent with the 
present invention, the human may choose to make some cor- 
rections to the recognized transcript. This can still be much 
faster than a manual transcription process. Depending on how 
the two thresholds are set, the amount of human intervention 
can be controlled. For example, if the two thresholds are very 
close together, the human will examine very few transcripts. 

Returning to FIG. 6, the acoustic model training module 
320 (FIG. 3) estimates acoustic models using examples of 
recorded caller requests and the transcripts from the tran- 
scriptions module 310 [step 620]. For example, the acoustic 
model training module 320 may analyze the speech wave- 
forms of the caller requests and use the corresponding tran- 
scripts to estimate the acoustic models used in speech recog- 
nition, The speech grammar estimation module 330 may 
create a statistical n-gram grammar using the transcripts from 
the transcriptions module 310 [step 630]. For example, the 
speech grammar estimation module 330 may estimate the 
likelihood of each word, each pair of words, each triplet of 
words, etc. from all of the words and phrases callers have used 
to refer to any of the listings. 

The listing statistics estimation module 340 uses the tran- 
scripts to gather all of the words and phrases that have been 
used to refer to a particular telephone number [step 640]. The 
listing statistics estimation module 340 may concatenate 
these words and phrases to form a document and store them in 
a city/listings database. 

The required words determination module 350 uses the 
transcripts to identify word(s) or phrase(s) that are required 
for each telephone number [step 650]. For example, the 
required words determination module 350 may count the 
number of times that each distinct word or phrase was used to 
request a particular telephone number and identify those 
words or phrases that are required based on some preestab- 
lished criteria. 

EXEMPLARY DIRECTORY ASSISTANCE 
PROCESSING 

FIG. 8 is an exemplary flowchart of directory assistance 
processing according to an implementation consistent with 
the present invention. Processing begins with a caller making 
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a call to the automated directory assistance 130 (FIG. 1) to 
request a telephone number. The caller may use a caller 
device, such as the caller device 110, to contact the automated 
directory assistance 130. The automated directory assistance 
130 may use interactive voice response (IVR) technology to 5 
prompt the caller for the city and listing the caller desires. 
When prompted for the city and listing, the caller may pro- 
vide the information by speaking into the caller device 110. 
The directory assistance system 220 (FIG. 2) within the auto- 
mated directory assistance 130 may record the caller's spo- 10 
ken request [step 810]. 

The speech recognition module 510 (FIG. 5) within the 
directory assistance system 220 may convert the recorded 
request to digital form and, using the acoustic models and 
speech grammar, recognize the word or phrase spoken by the  15 
caller. The speech recognition module 510 uses the recog- 
nized word or phrase to generate a recognized transcript 
corresponding to the request from the caller [step 820]. The 
listing retrieval module 520 may use the recognized transcript 
as a query into the city/listings database to obtain one or more 20 
hypothesized listings corresponding to the caller's request 
[step 830]. The listing retrieval module 520 may use conven- 
tional information retrieval techniques to retrieve the hypoth- 
esized listings from the database or it may use the statistical 
information retrieval technique described in U.S. patent 25 
application Ser. No. 09/127,685, filed Jul. 31, 1998. 

The accept/reject module 530 may determine whether to 
accept or reject each of the hypothesized listings [step 840]. 
The accept/reject module 530 may make this determination 
based on the estimated accuracy of the listings and the con- 30 
fidence scores associated with the listings. The accept/reject 
module 530 may use each of the hypothesized listings to 
identify the word(s) that are required for the particular listing. 
The accept/reject module 530 then determines whether the 
recognized transcript includes the required word(s). If the 35 
recognized transcript contains the required word(s) corre- 
sponding to one or more of the hypothesized listings with a 
sufficiently high confidence score, the accept/reject module 
530 accepts the listing. If the confidence score falls in a 
middle range, the accept/reject module 530 may confirm the 40 
listing with the caller [step 850]. The accept/reject module 
530 may use IVR technology to provide the listing audibly to 
the caller and the caller may confirm the listing with an 
audible response or through manipulation of the caller device 
110 [step 860]. 45 

If the caller indicates that the listing(s) are incorrect or if 
the accept/reject module 530 rejects all of the listings the 
accept/reject module 530 may provide the recorded request 
from the caller to a human operator for service [step 870]. If 
the caller indicates that the listing is correct, processing ends. 50 
In this case, the automated directory assistance 130 may 
automatically provide the telephone number associated with 
the listing or it may connect the caller to the called party 
associated with the listing. 

55 
CONCLUSION 

Systems and methods consistent with the present invention 
provide automated directory assistance that uses large 
vocabulary speech recognition and information retrieval 60 
techniques to service a wide range of telephone number 
requests. The systems and methods also provide mechanisms 
for automatically generating transcripts for training and 
maintaining the automated directory assistance. 

The automated directory assistance consistent with the  65 
present invention has several advantages over conventional 
systems. First, it facilitates the automation of a large number 

of listings in a large number of locations by using large 
vocabulary recognition techniques for both recognition and 
rejection. Second, it automates grammar creation for each 
listing, thereby eliminating extensive labor to determine the 
grammar for each listing. Third, it provides flexibility in that 
it permits automation even when the request is phrased in a 
slightly novel way. Fourth, it is more lenient to recognition 
errors by using probabilistic information retrieval techniques 
to choose among multiple listings when several are possible. 
Fifth, it may be unimplemented with a few or no examples of 
transcripts. 

The foregoing description of preferred embodiments of the 
present invention provides illustration and description, but is 
not intended to be exhaustive or to limit the invention to the 
precise form disclosed. Modifications and variations are pos- 
sible in light of the above teachings or may be acquired from 
practice of the invention. 

For example, while the transcription module 310 and the 
directory assistance system 220 have been described as part 
of the same automated directory assistance 130, this need not 
be the case. In other implementations consistent with the 
present invention, the transcription module 310 and the direc- 
tory assistance system 220 are implemented separately within 
different systems. 

The scope of the invention is defined by the claims and their 
equivalents. 

What is claimed is: 
1. A system for generating transcripts used to configure an 

automated directory assistance service, comprising: 
a grammar creation component configured to create a loose 

grammar for each of a plurality of telephone numbers 
using a plurality of grammar rules and a plurality of 
general phrases, the grammar creation component being 
configured to store the loose grammar including the 
plurality of grammar rules and the plurality of general 
phrases to a database, the plurality of general phrases 
including extraneous phrases for requesting any one of 
the plurality of telephone numbers; and 

a speech recognition component configured to access the 
database and generate a transcript of a directory assis- 
tance call using the loose grammar, 

2. The system of claim 1, wherein the grammar creation 
component is configured to create the loose grammar by 
identifying plausible words for referring to each of the tele- 
phone numbers. 

3. The system of claim 1, wherein the speech recognition 
component is configured to recognize words spoken during 
the directory assistance call. 

4. The system of claim 1, wherein the plurality of grammar 
rules includes alternate words for referring to the respective 
telephone number. 

5. The system of claim 1, wherein the grammar creation 
component is configured to use a phone book to obtain and 
translate a plurality of listings corresponding with the plural- 
ity of telephone numbers. 

6. The system of claim 5, wherein the plurality of grammar 
rules includes plausible words for referring to the listing for 
the telephone number corresponding to the directory assis- 
tance call. 

7. The system of claim 1, wherein the directory assistance 
call includes a recorded request for the telephone number. 

8. The system of claim 7, wherein the plurality of grammar 
rules includes a match to a first portion of the recorded 
request, and the plurality of general phrases includes a match 
to a second portion of the recorded request. 
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9. The system of claim 1, further comprising: 
an accept/reject component configured to determine 

whether the generated transcript is acceptable. 
10. The system of claim 9, wherein the accept/reject com- 

ponent uses confidence scores to determine whether to accept   5 

or reject the generated transcript. 
11. The system of claim 9, further comprising: 
a verification/correction module configured to present the 

generated transcript to a human for at least one of veri- 
fication and modification. 

12. A method for generating transcripts used to configure 
an automated directory assistance service, comprising: 

creating a loose grammar for each of a plurality of tele- 
phone numbers using a plurality of grammar rules and a 
plurality of general phrases; 

storing the loose grammar to a database; 
generating a transcript of a directory assistance call using 

the loose grammar and knowledge of a telephone num- 
ber that was given out by a human operator for the 20 
directory assistance call, the telephone number being 
used to index the loose grammar in the database; 

producing a confidence score for the generated transcript; 
and 

determining whether the generated transcript is acceptable 25 
based on the confidence score for the generated tran- 
script. 

13. The method of claim 12, wherein the creating includes: 
identifying possible words or phrases for referring to each 

of the telephone numbers. 30 

14. The method of claim 12, wherein the generating 
includes: 

recognizing words spoken during the directory assistance 
call. 

15. A computer-readable medium configured to store 
instructions executable by at least one processor to perform a 
method for generating transcripts used by an automated 
directory assistance service, comprising: 

identifying plausible words for referring to each of a plu- 
rality of telephone numbers; 

creating a loose grammar for each of the telephone num- 
bers using the identified words and a plurality of general 
phrases; 

storing the loose grammar to a database; and 
generating a transcript of a directory assistance call using 

the loose grammar and a telephone number given out by 
a human operator for the directory assistance call, the 
telephone number being used to index the loose gram- 
mar in the database. 

16. A system for generating transcripts used to configure an 
automated directory assistance service, comprising: 

a grammar creation component configured to create a plu- 
rality of loose grammars for a plurality of telephone 
numbers using a plurality of grammar rules and a plu- 
rality of general phrases, the grammar creation compo- 
nent being configured to store the plurality of loose 
grammars including the plurality of grammar rules and 
the plurality of general phrases to a database, the plural- 
ity of general phrases including extraneous phrases for 
requesting any one of the plurality of telephone num- 
bers; and 

a speech recognition component configured to generate a 
transcript of a directory assistance call using one of the 
plurality of loose grammars. 

17. The system of claim 16, wherein each of the plurality of 
the loose grammars is associated with a corresponding one of 
the plurality of telephone numbers. 
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